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Abstract

This document describes MB-level adaptive frame/field coding for interlaced video materials, and presents the performance comparisons with frame, field and picture-level adaptive frame/field coding. MB-level adaptive frame/field coding is aligned with core experiment C defined in [1] for interlace testing. In [10], the advantage of picture-level adaptive coding over frame and field coding is clearly demonstrated. The simulation results in this document show that MB-level adaptive coding can provide additional gain over picture-level adaptive coding. 

1. Introduction
A frame of an interlace video sequence consists of two fields, scanned at different time instants. The two fields of a frame can be coded jointly (e.g. frame-based coding) or separately (e.g. field-based coding). Hence, there can be many different ways in coding an interlaced video sequence [3-9]. These coding methods can be grouped into two categories: fixed frame/field coding and adaptive frame/field coding. In fixed frame or field coding, an interlaced video sequence is always coded with either frame or field structure irrespective of the content. On the other hand, adaptive frame/field coding selects frame or field coding, depending upon the content. The decision on frame or field coding can be made at either picture level or MB level [8]. 

Ref. [10] presents the performance comparisons among frame, field and picture-level adaptive coding, and demonstrats that picture-level adaptive frame/field coding guarantees a performance over frame and field coding. In this document, the decision on frame/field coding is moved to MB level. A MB can now be coded in either frame or field mode. This MB-level adaptive frame/field coding is aligned with core experiment C defined in [1]. The simulation results show that MB-level adaptive coding gives an additional gain over picture-level adaptive coding. 

2. Adaptive Frame/Field Coding at MB-Level

In MB-level adaptive coding, the selection of frame or field coding is at MB level. A frame/field flag of one bit may therefore be required at MB level to indicate if the MB is coded in frame or field mode, as shown in Fig. 1. “0” can be used to indicate frame coding and “1” field coding. For detailed information on MB-level coding, refer to [8]. 
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Fig. 1. A frame/field flag of one bit may be required to indicate if the MB is coded in frame or field mode.

2.1 Modes for Frame MB

If in frame mode, a MB of 16x16 can be further divided into blocks in one of seven patterns (modes) [2], as shown in Fig. 2. Block size can be 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, or 4x4. A MB can be coded in either intra or inter. For intra mode, MB can be only in either mode 1 (block size of 16x16) or mode 7 (block size of 4x4). For inter mode, MB can be in any of seven modes. Motion estimation and compensation (ME/MC) is performed for these blocks separately. In other words, each block within a MB has a separate MV, and hence, a MB can have up to 16 MVs, depending upon the MB mode. 
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Fig. 2. Seven block patterns for a MB.

2.2 Modes for Field MB

If in field mode, a MB of 16x16 is first split into two fields, i.e. top-field and bottom-field. The split MB is then further divided into blocks. There are five possible block patterns (modes) for field-based MB, as shown in Fig. 3. The block size can be 8x16, 8x8, 4x8, 8x4, or 4x4. Intra-mode MB can take either mode 1a or mode 5a [8]. ME/MC will be preformed on each block. There are up to 16 4x4 blocks, implying up to 16 MVs. For detailed information on field-based MB and its coding rules, refer to [8].
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Fig. 3. A MB is first split into the top and the bottom fields, and then divided into blocks, where the blue areas are for the top field and the blank areas for the bottom field.

2.3 Introduction of Super MB
From Fig. 2 and 3, it can be seen that field MB has fewer options than frame MB. The modes of blocks of sizes 16x16 and 16x8 are not available for field MB. These two modes happen to be two popular ones for many sequences. This implies that the performance of MB-level adaptive coding may not have the advantage over picture-level adaptive frame/field coding for some sequences that strongly favor field coding. In order to guarantee the performance of field MB coding, it may be necessary to have the same modes for field MB as for frame coding. In other words, if frame MB can have seven possible modes (Fig. 2), field MB should have seven possible modes of the same sizes as well. Super MB is therefore introduced as follows.

Input frame is divided into super MB consisting of 2 MBs of 16x16, as shown in Fig. 4. A super MB of 32x16 can be coded as two frame MBs of 16x16, or one top-field MB of 16x16 and one bottom-field MB of 16x16. For frame coding, a super MB is coded as two frame MBs and each of two MBs can be further divided into one of seven modes (Fig. 2). For field coding, a super MB is first split into one top-field MB and one bottom-field MB, as shown in Fig. 5. The top-field, or the bottom-field, MB is further divided into one of seven block patterns (modes 1a – 7a), as shown in Fig. 5. The block size in the seven modes can be 16x16, 16x8, 8x16, 8x8, 8x4, 4x8 or 4x4, -- the same as for frame MB (Fig. 2). 

Motion compensation for Super MB is performed in the same way as described in [2]. Each MB in a Super MB has its own reference frame. When a Super MB employs field mode, one field MB may use any field of any picture in the reference frame buffer. On the other hand, the other field MB may also use any field (including the same field as its counterpart). Reference frame information (ref_frame) of Super MB in field mode determines which field is used for motion compensation. The field notation is set in favor to the same field; i.e., the lower number to the same field parity. For example, the top field MB of a Super MB with ref_frame = 0 points to the top field of the previous reference picture. Similarly, the bottom field MB of a Super MB with ref_frame = 1 points to the top field of the previous reference picture.

The coding rules for super MB, such as intra prediction, reference frame/field and the assignment of code numbers for reference fields in the reference frame (field) buffer, follows the same as described in [8,10]. For the skipped MB (copy mode), if in field, it is reconstructed by copying the co-located MB in the most recently coded (past) I or P field of the same field parity.
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Fig. 4. Input frame is divided into super MB of 2 16x16 pixels. 
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Fig. 5. For field-based coding, a super MB is split into a top-field MB and a bottom-field MB. The top- and the bottom-field MB is further divided into one of seven block patterns (modes).

There are two possible coding paths. One path is horizontal path where the super MBs of a frame are coded from left to right, and top to bottom, as shown in Fig. 6. Alternative is vertical path where the super MBs of a frame are coded from top to bottom, and left to right (Fig. 6). For frame-based coding, the top MB of a super Mb is coded first, followed by the bottom MB. For field-based coding, the top-field MB of a super MB is coded first followed by the bottom-field MB. For horizontal path, PMV of the current block follows the same rules described in [2]. The neighboring blocks (A, B, C, D) of the current block E are defined as in [2], as shown in Fig. 7 (on the left). For vertical path, the neighboring blocks (A, B, C, D) of the current block E are however defined as shown in Fig. 7 (on the right).

The advantage of horizontal path is that it is a traditional scanning path. But, a minor problem is that the information on block C, such as MVs, is not available (see Fig. 7, on the left). The advantage of vertical path is that the information on all the neighboring blocks are available for the current block E, (see Fig. 7, on the right).    
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Fig. 6. The super MBs of a frame can be coded along either the horizontal or vertical path.
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Fig. 7. Calculation of PMV where the left is for horizontal path and the right for vertical path.

3. Integration of MB-Level Adaptive into High Level Coding

MB-level adaptive frame/field coding can be integrated into frame and picture-level adaptive coding, as shown in Fig. 8 and 9. In Fig. 8, the input frame is always coded as one frame picture. Adaptation of frame/field coding is made on each MB (or super MB). The decision on frame or field coding for a MB (or super MB) can be RD-based [2,8,10]. In Fig. 9, the input frame can be coded as one frame picture or two field pictures. Along the path of frame coding, a MB (or super MB) can be coded in frame or field mode. For the field-coding path, two fields of a frame are coded sequentially. The coded 1st field, if I or P,  can be used as reference field for the 2nd field. The decision on frame/field coding at MB-level or picture-level can again be RD-based.
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Fig. 8. MB-level adaptive frame/field coding is integrated into frame coding. 
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Fig. 9. MB-level adaptive frame/field coding is integrated into picture-level adaptive coding.

4. Computer Simulations

MB-level adaptive frame/field coding with super MB has been integrated into the current TML9.0 [2]. Simulations were carried out for two video sequences, as shown in Table 1. Mobile is a common test sequence. Tempete_Football is a hybrid sequence of Tempete of 352x480 on the right and Football of 352x480 on the left. Football contains high motions while Tempete is of slow motions. For comparison purpose, four coding methods, frame, field, picture-level adaptive, and MB adaptive coding, were performed for each of two sequences separately. A set of four quantization parameters (QP) was tested per coding method per sequence, where QP for I and P are 16, 20, 24, and 28. Other coding parameters are listed in Table 2. Picture structure used in tests is I and P only, that is, IPPPPP…

Table 1. Test Sequences

	
	Format 4:2:0
	Length
	Frame/Second

	Mobile
	720x480
	150
	30

	Tempete_Football
	704x480
	150
	30


Table 2. Test conditions

	Entropy C.
	MC
	Hadamard
	Ref. Frames
	Search Res.
	RD Opt.
	Search R.

	UVLC
	1/4 pel
	Yes
	2
	2
	Yes
	16


Fig. 10 and 11 show the PSNR with respect to bit rate for the two test sequences. The curves with diamond marks are for frame coding, the curves with square marks for field coding, the curves with triangle marks for picture-level adaptive coding and the curves with x marks for MB-level adaptive coding. As seen, picture-level adaptive coding performs better than both frame and field coding. MB-level adaptive coding provides an additional gain over picture-level adaptive coding. For sequence Mobile, the additional gain is around 0.25 dB and for the hybrid sequence Tempete_Football., the gain is up to 0.8 dB.  

5. Conclusions

MB-level adaptive frame/field coding with super MB is introduced. Computer simulations were carried out for two video sequences. Test conditions and picture structures of simulations follow the same as defined in core experiment C [1]. The simulation results show that  

1. Picture-level adaptive coding performs better than frame and field coding for both the test sequences. 

2. MB-level adaptive coding provides an additional gain of up to 0.8 dB over picture-level coding.


MB-level adaptive coding has shown some promising signs. It is recommended that core experiment C in [1] continue in JVT.
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Fig. 10. PSNR vs bit rate curve for sequence Mobile.
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Fig. 11. PSNR vs bit rate curve for sequence Tempete_Footbal.
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