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Abstract

The document describes the possible interlace coding tools for H.26L video coding, and reports the computer simulation results for interlace video sequences as well as the comparisons with the current H.26L TML8.5. It is shown that by using Interlace Coding syntax and tools the performance of TML8.5 can be increased significantly.

1. Introduction

H.26L TML 8.5 [1] allows three possible picture types for an input frame: I, P and B. A frame of any picture type I, P or B is divided into MBs of 16x16 pixels. Each MB of 16x16 can be further divided into blocks in one of seven patterns (modes), as shown in Fig. 1. 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. 1. Seven frame-based block patterns (modes) per MB.

The current TML 8.5 is designed for progressively scanned video materials. All the code modes in the current TML 8.5 are frame-based. Nature of interlace video materials and its possible impact on H.26L has been under discussion [2], [3], [4], [5], [6]. In particular, a frame of interlace video sequence consists of two fields, scanned at different time instants. Therefore, a video sequence consisting of interlaced video can be compressed in many different ways. They can be grouped in two main categories:

(a) Fixed Frame/Field and

(b) Adaptive Frame/Field

In Fixed Field/Frame method, an interlaced video sequence is always coded with either Field or Frame structure irrespective of the content. In Adaptive Field/Frame methods, depending upon the content, one adaptively selects whether to use the field or frame structure. Adaptation can be done at either Picture level or Macroblock level. This document provides results obtained by different coding tools in these categories. It is shown that if either fixed field or fixed frame structure is picked to compress interlaced video, it will lead to coding inefficiency as for some video sequences field structure is better and for others frame structure is better. Content adaptive Field/Frame based tools are introduced where a decision regarding field or frame structure is made based on the content type. It is shown that they perform better than fixed frame or field method by adaptively picking the optimal structure for a given content.

2. Interlace Coding

Inputs to the H.26L video code can be considered as a series of units at three different levels: sequence, picture, and MB. Frame or field coding can also be made adaptive at these three levels, that is, adaptive frame/field coding at sequence level, adaptive frame/field coding at picture level, and adaptive frame/field coding at MB level.

2.1 Fixed Frame/Field – Sequence Level

In this approach, all the frames of a sequence are encoded in either frame or field mode. The code mode of frame or field will not be changed during entire sequence. Additional changes to TML 8.5 are therefore minor, that is,

1. The sequence header needs to indicate whether frame or field mode is used.
2. For field mode, the code numbers assigned for field-based references stored in reference frame buffer are slightly different from for frame-based references. Specifically, the code numbers of 0, 1, 2, 3, …, are grouped into pairs of (0,1), (2,3), (4,5), …. These code number pairs are assigned to the reference frames of two fields according to their distances to the current frame. For each reference frame, the field of the same parity as the current field is given the smaller number of the code number pair assigned for the frame.
3. For field coding, the skipped MB will be reconstructed by copying the co-located MB in the most recently coded (past) I or P frame in the same field parity.   
2.2 Adaptive Frame/Field Coding  – Picture Level

For the picture level adaptation of frame/field, an input frame of a sequence can be encoded as one frame or two fields. Specifically, 

1. An I frame can be coded as one I frame, or two I fields, or one I field and one P field,

2. A P frame can be coded as one P frame, or two P fields, or one P field and one B field, and 

3. A B frame can be coded as one B frame, or two B fields.

In addition, for field-based B, 

1. There can be multiple references for forward prediction, and the references can be any coded I or P field. 

2. But, there is only one reference for backward prediction, and the reference is always the most recently coded future I or P of the same field parity.

3. For direct mode MB, the two MVs are calculated from the co-located MB in the future reference of the same field parity. 

The changes to TML 8.5 therefore include

1. Picture header needs to indicate whether the frame is coded as one frame or two fields.

2. Two fields are coded sequentially. Hence, there will be only one picture header per frame of two fields.

3. Similar to at sequence level, for field mode, the code numbers for the field-based references in the reference frame buffer, 0, 1, 2, 3, …, are grouped into pairs of (0,1), (2,3), (4,5), …. The code number pairs are assigned to the reference frames of two fields according to their distances to the current frame. For each reference frame, the field of the same parity as the current field is given the smaller number of the code number pair assigned for the frame.

4. If field-based coding, the skipped MB will be reconstructed by copying the co-located MB in the most recently coded (past) I or P frame in the same field parity.

2.3 Adaptive Frame/Field Coding  - MB Level
For MB level adaptation of frame/field coding, a MB can be coded in frame- or field-based. A frame/field flag may be required at MB level to indicate if the MB is coded in frame- or field- based, as shown in Fig. 2. “0” indicates frame-based coding and “1” field-based coding. Frame-based coding of a MB follows TML 8.5. Field-based coding will be described as follows.
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Fig. 2. A frame/field flag of one bit may be required to indicate if the following MB is coded in frame- or field-based.

Five additional block patterns are introduced for field-based coding, as shown in Fig. 3. For field-based coding, a MB is first split into two fields of top and bottom. The split MB is then further divided into one of five possible block patterns. Similar to in frame mode, a MB in field mode can be coded in intra or inter mode. 
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Fig.3. Five additional field-based block patterns (modes) per MB. The shadow (blue) areas are for top field and blank for bottom field.

Intra Prediction

For a MB in intra code mode, only mode 1, mode 7 and mode 5a are allowed, (see Fig. 1 and 3). Modes 1 and 7 are frame-based, and mode 5a is the field-based mode. Mode 5a is assigned the code number of 0. Note that both mode 1 and mode 5a are coded with code number 0. But, there will be no confusion because of the frame/field flag at MB level (see Fig. 2). 

For mode 5a, the neighboring pixels (A,B,C,D,E,F,G,H and I) of a block of 4x4 in calculating the prediction for the block (see Fig. 4) are the neighboring pixels in the same field parity. As example, Fig. 5 shows the neighboring pixels for the top-field blocks 0, 1, 2, …, 7. Clearly, the neighboring pixels for blocks 5, 6 and 7 are in blocks 4, 0, 1, 2 and 3 in the same MB. For example, the neighboring pixels for block 7 are in block 2, 3, and 6. Blocks 2, 3, and 6 are in the same field parity as block 7. The left neighboring pixels for blocks 0 and 4 are in blocks 3 and 7 of the left MB in the same field parity. The above neighboring pixels for blocks 0, 1, 2 and 3 are in blocks 4, 5, 6 and 7 of the above MB in the same parity. Note that the left and above MB can be coded in any block patterns in either frame- or field-based. 
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Fig. 4. Neighboring pixels of a 4x4 block in mode 5a.
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Fig. 5. Neighboring pixels of a block have to be in the same field parity. The light shadow (blue) areas are for top field and blank for bottom field. The dark shadow (green) areas are the neighboring pixels of a block on the right or blow. 

Coding of Intra Prediction Modes

As in frame-based coding, the prediction mode of a 4x4 field-based block is coded based upon the prediction modes of the neighboring blocks. For interior block 5, 6, 7, 13, 14 or 15 of a field-based MB (Fig. 5), the neighboring blocks used in coding of intra prediction mode are simply the above and left blocks. For example, the neighboring blocks of block C in Fig. 6 are blocks A and B. For other boundary blocks (0, 1, 2, 3, 4, 8, 9, 10, 11, and 12), the neighboring blocks are defined as follows:

1. If the above or the left MB (Fig. 6) is also coded in field-based, as shown in Fig. 6a, the neighboring blocks of the boundary blocks in current MB are in the same field of the above or the left MB. For example, the neighboring blocks of current blocks C’ and C’’ are A’ and B’, and A’’ and B’’, respectively. 

2. If the above or the left MB is coded in frame-based, as shown in Fig. 6b, the neighboring blocks of the boundary blocks in the current MB are on the bottom or the left of the above or the left MB. For example, the neighboring blocks of current blocks C’ and C’’ are A’ and B’, and A’’ and B’, respectively.
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Fig. 6. Coding of intra prediction mode. 6a) the shadow areas are for top field and blank for bottom field. 6b) The shadow areas (blue) in current MB are for top field and blank for bottom field. The above and left MBs are frame-coded.

Prediction of Chroma
There is only one prediction mode for interlace chroma blocks, as shown in Fig. 7. A, B, C and D are four 8x8 chroma blocks of a MB. A, B are in the top field and C, D in the bottom field. S0, S1, S2, S3, S4, and S5 are the sums of the neighboring pixels of A, B, C and D in the same field parity. S0, S1, S2 are calculated from the top field and S3, S4, S5 from the bottom field. 

If S0, S1, S2, S3, S4 and S5 are all inside the frame, the predictions for A, B, C and D are as follows

A=(S0+S2+4)/8

B=(S1+2)/4

C=(S3+S5+4)/8

D=(S4+2)/4

If only S0, S1, S3, and S4 are inside the frame, the predictions for A, B, C and D are follows

A=(S0+2)/4

B=(S1+2)/4

C=(S3+2)/4

D=(S4+2)/4

If only S2 and S5 are inside the frame, the predictions for A, B, C and D are as follows

A=(S2+2)/4

B=(S2+2)/4

C=(S5+2)/4

D=(S5+2)/4
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Fig. 7. The prediction of interlace chroma blocks. The shadow areas (blue) are for top field and blank for bottom field.

Chroma Residual Coding

If the luminance component is coded in field-based, the chroma component will follow. The chroma will be split into the top and the bottom fields, as shown in Fig. 8. 4x4 transform is performed on each block of 4x4. The DC coefficients are then grouped into two 2x2 blocks. 2x2 transform is performed on the 2 2x2 DC blocks. 
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Fig. 8. Field-based chroma residual coding. The shadow areas (blue) are for top field and blank for bottom field.

Inter Code Mode
For inter code modes, ME/MC is preformed on each frame/field block. As in frame mode, there are also up to 16 blocks per MB in field mode (see Fig. 3). The smallest block is 4x4. Hence, there are up to 16 MVs per MB in field mode. The reference fields for a field-based block can be either the top or the bottom fields of  any previously coded frames. Six field-based ME/MC code modes can be the possible code modes in encoding a MB. They are field inter 16x16, inter 8x16, inter 8x8, inter 4x8, inter 8x4, and inter 4x4. The field inter 16x16 is similar to the inter 8x16 mode except the motion vectors for the top field and the bottom field are forced to be the same, and the reference field for the bottom field is the field immediately following the reference field for the top field. The advantage of the field 16x16 mode lies in the fact that it reduces the number of bits required to send the motion information and the extra reference field information. These code modes are assigned the code numbers of 0, 1, 2, 3, 4 and 5 accordingly. There will be no confusion with frame-based inter code modes because of the frame/field flag at MB level (see Fig. 2).
Reference Frames/Fields

Multiple reference frames are allowed for temporal prediction. The reference frame for a MB has to be indicated in the syntax at the MB level. TML8 (frame-based) assigns code number 0 to the most recently coded frame, 1 to the second most recently coded frame, and so on. This implies the closer the reference frame to the current frame, the more likely the reference frame will be selected, and hence the smaller the code number is assigned. For field-based coding, the reference can be either the top or the bottom field. The reference field will also be indicated in the syntax at the MB level. Similar to at both sequence and picture levels, the code number for reference fields are arranged as follows:

1. The code numbers for the field-based references stored in the reference buffer, 0, 1, 2, 3, …, are  grouped into pairs of (0,1), (2,3), (4,5), …

2. The code number pairs are assigned to the reference frames of two fields according to their distances to the current frame.

3. For each reference frame, the field of the same parity as the current field is given the smaller number of the code number pair assigned for the frame.

Both the encoder and the decoder follow this rule. 

In addition, each field MB is treated as an independent MB in the sense that it can have its own reference field for all blocks in that field MB (these two reference fields are not necessarily come from the same frame). Hence, two codes are put in the syntax at the MB level to indicate reference field of its top and bottom field when field MC is employed.

PMV for Inter Blocks
The MVs are differentially coded. Assume block E, as shown in Fig. 9, is inter coded. The prediction for MV of block E is the median of the MVs of the neighboring blocks A, B, C and D, as shown in Fig. 9. For definition of positions of A, B, C, and D, refer to TML8 [1]. Block E can now be either frame- or field-based block. In other words, all the frame- and field-based modes are allowed.

1. If E is in frame-based, the MVs of A, B, C and D used in calculating PMV are also frame-based. If block A, B, C, or D is coded in field-based, the two field-based MVs are averaged and the vertical component of this averaged MV is multiplied by 2.

2. If E is in field-based, the MVs of A, B, C and D used in calculating PMV are also field-based in the same field parity. If A, B, C, or D is frame coded, the vertical component of MV is divided by 2.   

For directional segmentation, follow the same conventions as in TML8 [1], but the neighboring blocks are in the same field parity.
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Fig. 9. Calculation of PMV. 

3. Computer Simulations

To evaluate the additional interlace tools for H.26L video coding, computer simulations were carried out for five test video sequences: Bus, CheerLeader, Coastguard, Mobile and Stefan. All the test sequences have a spatial resolution of 352x480 (HHR) with a color-sampling ratio of 4:2:0, interlaced at a frame rate of 30 frames/sec. The following picture structures are tested:

1. I picture only: I I I I I ,…

a. Fixed frame coding.

b. Fixed field coding.

c. Adaptive frame/field coding at picture level

d. Adaptive frame/field coding at MB level

2. I and P pictures only: I P P P P, … 

a. Fixed frame coding.

b. Fixed field coding. The first I frame is coded as one I field and one P field.

c. Adaptive frame/field coding at picture level. If the first I frame is coded in field-based, the first field of this I frame is coded as I and the second as P, that is, IP PP PP PP, ….

d. Adaptive frame/field coding at MB level.

3. I, P and B pictures: I B B P B B P, …

a. Fixed frame coding.

b. Fixed field coding. The first I frame is coded as one I field and one P field

c. Adaptive frame/field coding at picture level. If the first I frame is coded in field-based, the first field of this I frame is coded as I and the second field as P, that is, IP BB BB PP BB BB PP,….

d. Adaptive frame/field coding at MB level

Note that the frame-based coding is the same as TML 8.5. For the picture level adaptation, the criterion used for selecting either frame or field coding is RD-based. The cost function is defined as 
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Table 1 shows the test conditions. 

Table 1. Test conditions

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

	UVLC
	1/4 pel
	Yes
	3
	2
	yes
	16


3.1 Results for I Picture only

For I picture only, four fixed QPs are used for the entire sequence. They are 19, 22, 25, and 28. Fig. 10-14 show the PSNR with respect to bit rate for the five test sequences with adaptation of frame/field coding at sequence, picture and MB levels. All the frames are coded as I picture. The curves with square marks are for fixed frame coding for the entire sequence, the curves with diamond marks for fixed field coding for the entire sequence, the curves with triangle marks for the picture level adaptation, and the curves with “x” marks for the MB level adaptation. 

Four of five test sequences (CheerLeader, Coastguard, Mobile and Stefan) demonstrate better results with fixed frame coding and one (Bus) better with fixed field coding. The difference in PSNR can be up to more than 2 dB (Mobile). This implies that the fixed decision of frame or field coding is not be a good solution because frame-based coding may be good for some sequences, but inefficient for others. Similarly, field-based decision is good for some sequences and inefficient for others. Also, for a sequence consisting of mixed frame types (e.g. some of Bus type and other of Mobile type) fixed field or frame decision will be good for some video frames of the sequence, but inefficient for other.

The picture level adaptation of frame/field coding (curve with triangle marks) is either equal to, or better than, the frame- and field-based coding. Fig. 15 shows the number of frames coded in field with the picture level adaptation of frame/field coding. As seen, Bus sequence is 100% coded in field while Cheer and Mobile 100% in frame. The picture level adaptation therefore matches the field-based coding for Bus and the frame-based coding for Cheer and Mobile. For Coastguard, 5~6 frames out of 150 frames are coded in field and for Stefan, 45~56 frames of 150 frames in field. The picture level adaptation is hence better than both frame- and field-based coding for both Coastguard and Stefan. The picture level adaptation of frame/field coding is a much better solution for interlace video materials than frame- and field-based coding for I pictures. 

The MB level adaptation of frame/field shows further improvement over the picture level adaptation for three (CheerLeader, Cheer and Stefan) out of the five test sequences by up to 0.4 dB (Cheer). For other two sequences (Coastguard and Mobile), the MB level adaptation is equally good as the picture level adaptation of frame/field. 

3.2 Results for I and P Pictures only  

For I and P pictures only, four fixed QPs are used for the entire sequence. They are 19, 22, 25, and 28. Fig. 16-20 show the PSNR with respect to bit rate for the five test sequences with adaptation of frame/field coding at sequence, picture and MB levels. The first frame is coded as either one I frame for frame-based coding, or one I field and one P field for field-based coding. The rest frames are all coded as P. The curves with square marks are for fixed frame coding for the entire sequence, the curves with diamond marks for fixed field coding for the entire sequence, the curves with triangle marks for the picture level adaptation, and the curves with “x” marks for the MB level adaptation.

Two of five test sequences (Coastguard and Mobile) demonstrate better results with frame-based coding and other three (Bus, CheerLeader and Stefan) with field-based coding. The difference in PSNR can be up to more 3 dB (Stefan). This again implies that the fixed decision of frame or field is not be a good solution because frame-based coding performs better than field-based coding for some sequences, and worse for some other sequences. 

The picture level adaptation of frame/field coding (curve with triangle marks) performs better than both the frame- and field-based coding. Fig. 21 shows the number of field-coded frames with the picture level adaptation of frame/field coding. As seen, the majority of frames for Bus CheerLeader, and Stefan are field-coded. Hence, the picture level adaptation for theses three sequences is close to, but slightly better than, the field-based coding. On the other hand, more frames of Coastguard and Mobile are frame-coded. Hence, the picture level adaptation is close to, but better than, the frame-based coding for Coastguard and Mobile. It is again shown that the picture level adaptation of frame/field coding is a much better solution for interlace video materials than fixed frame- and field-based coding for I and P pictures. 

The MB level adaptation of frame/field shows further improvement over the picture level adaptation for Mobile. For some other sequences such as Bus and Coastguard the performance of adaptive MB level frame/field algorithm is quite similar to that of the adaptive picture level algorithm. Further work is in progress to improve the performance of MB level frame/field adaptation algorithm and to generate more results.  

3.3 Results for I, P and B

For I, P and B pictures, four fixed QPs of 19, 22, 25 and 28 are used for the entire sequence. Fig. 22-26 show the PSNR with respect to bit rate for the five test sequences with adaptation of frame/field coding at sequence level. The first frame is coded as either one I frame for frame-based coding, or one I field and one P field for field-based coding. The rest frames are coded as either P or B. There are two B frames between P frames. In field mode, a P frame is coded as two P fields, and a B frame is coded as two B fields. The curves with square marks are for fixed frame coding for the entire sequence, and the curves with diamond marks for fixed field coding for the entire sequence.

Frame-based coding is seen to give better results than field-based coding for Mobile by about 1 dB. Field-based coding demonstrates better results for Bus and Stefan by up to 2 dB (Stefan). It is again approved that it is necessary to adapt frame and field coding based upon the content. 

Simulations on MB and picture levels are still in progress. The results may be presented at the meeting.
4. Conclusions

The current TML 8.5 is designed for progressively scanned video materials only. Field-based coding can improve the coding performance for interlace video materials. Frame/field coding can be done in two ways: fixed frame or field and adaptive frame/field.  Adaptation can be done at two levels: picture level and MB level. The changes to TML 8.5 on frame and field coding for interlace video are described. 

The simulation results demonstrated that 

1. Fixed frame or fixed field may be good for some sequences, but not for others. Hence, fixed frame/field coding may not be the solution for interlace video materials.

2. Performance of picture level adaptation is always better than, or equal to, both fixed frame and fixed field coding.

3. Adaptation of frame/field coding at MB level can further improve the performance for some sequences.
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Fig. 10. PSNR vs bit rate curve for the Bus sequence. 
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Fig. 11. PSNR vs bit rate curve for the Cheerleader sequence. 
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Fig. 12. PSNR vs bit rate curve for the Coastguard sequence. 
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Fig. 13. PSNR vs bit rate curve for the Mobile sequence.
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Fig. 14. PSNR vs bit rate curve for the Stefan sequence.
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Fig. 15. Number of field coded pictures as a function of the QP value.
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Fig. 16. PSNR vs bit rate curve for the Bus sequence. 


[image: image18.wmf]Cheer (IP)

24

25

26

27

28

29

30

31

32

33

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Bit rate (kb/s)

PSNR (dB)

Frame

Field 

Adaptive_Pic


Fig. 17. PSNR vs bit rate curve for the Cheerleader sequence. 
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Fig. 18. PSNR vs bit rate curve for the Coastguard sequence. 
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Fig. 19. PSNR vs bit rate curve for the Mobile sequence. 
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Fig. 20. PSNR vs bit rate curve for the Stefan sequence. 
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Fig. 21. Number of field coded  pictures as a function of the QP value.
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Fig. 22. PSNR vs bit rate curve for the Bus  sequence.
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Fig. 23. PSNR vs bit rate curve for the Cheerleader  sequence. 
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Fig. 24. PSNR vs bit rate curve for the Coastguard  sequence. 
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Fig. 25. PSNR vs bit rate curve for the Mobile sequence. 
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Fig. 26. PSNR vs bit rate curve for the Stefan sequence. 
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				50		25		25		27.89		33.22		33.1		204624		0		0		0		0		25.81		31.85		31.42		51097		3707		20.849		19503.6666666667						585.11				517.8843243243

				50		28		28		25.36		31.97		31.9		137304		0		0		0		0		23.96		30.9		30.41		27931		2127		21.198		10728.3333333333						321.85				283.0897297297

																																						0

		Mobile				Adaptive																																0

		50		1		19		19		31.56		34.52		34.37		319960		0		0		0		0		28.8		31.9		32.4		707246		193026		134.419		364432.666666667		49768.81		29.983

		50		1		22		22		28.99		33.16		33.15		238056		0		0		0		0		26.44		30.56		31.16		504636		132531		131.183		256566		30420.43		27.927

		50		1		25		25		26.44		32.06		31.75		173856		0		0		0		0		24.23		29.64		30.31		356979		90978		135.635		179645		18893.95		25.956

		50		1		28		28		23.83		30.99		30.67		109904		0		0		0		0		22.35		28.78		29.49		248812		67872		128.846		128185.333333333		12039.03		23.922

																																						0
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Chart1

		1021.0686486486		1064.4924324324

		605.1875675676		641.8443243243

		346.2048648649		361.0783783784
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Sheet1

				Coastguard				Field

		50		148		19		19		32.4		41.57		43.69		116272		0		0		0		0		30.83		40.35		41.84		105009		8214		37.436		40479				1064492.43243243				1064.4924324324

		50		148		22		22		30.43		41.09		43.25		75152		0		0		0		0		29.16		40.02		41.27		63308		3992		38.161		23764				641844.324324324				641.8443243243

		50		148		25		25		28.66		40.13		42.6		47224		0		0		0		0		27.51		39.03		40.61		35605		2136		39.581		13292.3333333333				361078.378378378				361.0783783784

		50		148		28		28		26.96		40.14		40.06		28104		0		0		0		0		25.85		38.75		39.2		17065		1156		41.458		6459				336822.162162162				173.1762162162

																																						0

		Coastguard				Frame																																0

				50		19		19		33.48		42.72		44.48		134312		0		0		0		0		31.23		41.31		42.62		100745		9653		21.146		40017				1021068.64864865				1021.0686486486

				50		22		22		31.62		41.86		43.64		91648		0		0		0		0		29.64		40.61		41.92		59711		4330		21.017		22790.3333333333				605187.567567568				605.1875675676

				50		25		25		29.89		41.34		42.13		59616		0		0		0		0		28.13		40.26		40.65		34158		2048		21.848		12751.3333333333				346204.864864865				346.2048648649

				50		28		28		28.13		39.79		41.85		36704		0		0		0		0		26.58		38.85		39.91		17781		1112		22.459		6668.3333333333				283089.72972973				180.2156756757

																																						0

		Coastguard				Adaptive																																0

		50		69		19		19		33.5		42.8		44.43		135040		0		0		0		0		30.98		39.7		41.75		122185		14055		34.571		50098.3333333333

		50		57		22		22		31.57		41.79		43.66		91352		0		0		0		0		29.41		39.1		41.25		74831		7796		35.367		30141

		50		51		25		25		29.86		41.12		42.15		60392		0		0		0		0		27.83		38.52		40.15		45353		4982		57.187		18439

		50		51		28		28		28.14		40.2		42.35		37440		0		0		0		0		26.18		37.78		40.17		26208		3474		101.889		11052

																																						0
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Chart1

		1764.6535135135		1288.5794594595

		1123.0394594595		770.1275675676

		679.3427027027		518.0886486486

		396.5075675676		309.7410810811
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Sheet1

				Stefan				Field

		50		148		19		19		33.23		36.39		36.39		163416		0		0		0		0		31.22		34.78		34.83		118315		14713		37.619		49247				1288.5794594595				1199344.86486486

		50		148		22		22		30.91		35.14		35.15		117440		0		0		0		0		29.17		33.74		33.72		75964		9161		40.948		31428.6666666667				770.1275675676

		50		148		25		25		28.62		33.88		33.63		83592		0		0		0		0		27.08		32.97		32.83		48018		6002		39.012		20007.3333333333				518.0886486486

		50		148		28		28		26.28		32.71		32.62		53016		0		0		0		0		24.89		32.28		32.07		30540		4044		40.233		12876				309.7410810811

																																						0

		Stefan				Frame																																0

				50		19		19		34		37.01		36.79		242536		0		0		0		0		30.99		35.41		35.36		174112		23418		21.881		73649.3333333333				1764.6535135135

				50		22		22		31.49		35.83		35.43		181656		0		0		0		0		28.9		34.7		34.56		110806		12580		21.606		45322				1123.0394594595

				50		25		25		29.08		34.64		34.16		138872		0		0		0		0		26.86		34.14		33.93		67028		6676		21.857		26793.3333333333				679.3427027027

				50		28		28		26.63		33.81		33.34		91872		0		0		0		0		24.68		33.54		33.24		39122		4291		22.309		15901.3333333333				396.5075675676

																																						0

		Stefan				Adaptive																																0

		50		139		19		19		33.23		36.39		36.39		163416		0		0		0		0		31.28		34.86		34.92		118273		14770		110.996		49271

		50		139		22		22		30.91		35.14		35.15		117440		0		0		0		0		29.26		33.88		33.84		76416		9194		111.46		31601.3333333333

		50		139		25		25		28.62		33.88		33.63		83592		0		0		0		0		27.19		33.09		32.96		47378		6007		113.364		19797.3333333333

		50		130		28		28		26.28		32.71		32.62		53016		0		0		0		0		25.07		32.49		32.31		30968		4251		121.047		13156.6666666667





Sheet1

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Field

Frame

Adaptive

Bit per frame

PSNR

Stefan IBBP

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		



Frame

Field

Bit rate (kb/s)

PSNR (dB)

Stefan (IBBP)



Sheet3

		





		






_1068364618.xls
Chart1

		1628.1697297297		1326.0827027027

		1014.0502702703		836.8037837838

		627.5756756757		531.1832432432

		378.2432432432		330.4005405405
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Sheet1

				Bus				Field

		50		148		19		19		32.2		36.58		37.5		151000		0		0		0		0		30.45		36.17		38.17		130820		19693		38.724		56735.3333333333				1326.0827027027

		50		148		22		22		30		35.91		36.36		104600		0		0		0		0		28.5		35.58		37.34		82543		10848		39.66		34746.3333333333				836.8037837838

		50		148		25		25		27.96		35.4		35.18		69440		0		0		0		0		26.67		35.03		36.54		52388		6043		40.335		21491.3333333333				531.1832432432

		50		148		28		28		25.98		34.66		34.04		42208		0		0		0		0		24.88		34.46		35.93		32579		3938		41.805		13485				330.4005405405

																																						0

		Bus				Frame																																0

				50		19		19		32.43		36.64		37.88		268168		0		0		0		0		30.17		36.79		38.82		160646		23380		22.065		69135.3333333333				1628.1697297297

				50		22		22		30.04		36.24		36.48		189848		0		0		0		0		28.18		36.33		38.04		100052		12787		21.984		41875.3333333333				1014.0502702703

				50		25		25		27.92		35.86		35.03		132040		0		0		0		0		26.35		35.86		37.21		61920		6910		22.344		25246.6666666667				627.5756756757

				50		28		28		25.83		35.36		34.04		80240		0		0		0		0		24.56		35.36		36.59		37320		4368		22.865		15352				378.2432432432

																																						0

		Bus				Adaptive																																0

		50		148		19		19		32.2		36.58		37.5		151000		0		0		0		0		30.45		36.17		38.17		130820		19693		104.754		56735.3333333333

		50		148		22		22		30		35.91		36.36		104600		0		0		0		0		28.5		35.58		37.34		82543		10848		104.258		34746.3333333333

		50		148		25		25		27.96		35.4		35.18		69440		0		0		0		0		26.67		35.03		36.54		52388		6043		107.785		21491.3333333333

		50		148		28		28		25.98		34.66		34.04		42208		0		0		0		0		24.88		34.46		35.93		32579		3938		71.26		13485
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Chart1

		3024.93		3111		2991.99		2761.83

		1839.63		1887.78		1812.15		1665.36
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		515.22		548.58		537.78		533.1
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Sheet1

		Mobile		Field

																										38.77						335847.466666667						10075.424		38.77

																										34.51						181773.173333333						5453.1952		34.51

		150		150		19		19		31.74		34.56		34.37		288888		0		0		0		0		31.06		33.16		33.03		103700		0		33.41		3111		31.06

		150		150		22		22		29.16		33.47		33.1		213240		0		0		0		0		28.5		31.86		31.64		62926		0		32.494		1887.78		28.5

		150		150		25		25		26.59		32.21		31.96		153968		0		0		0		0		26.04		30.64		30.33		35299		0		32.212		1058.97		26.04

		150		150		28		28		24.09		31.1		30.82		98072		0		0		0		0		23.54		29.55		29.07		18286		0		32.12		548.58		23.54

		Mobile		Adaptive

																										38.94						321844.213333333						9655.3264		38.94

																										34.74						174786.186666667						5243.5856		34.74

		150		24		19		19		31.74		34.56		34.37		288888		0		0		0		0		31.4		33.93		33.75		99733		0		24.843		2991.99		31.4

		150		30		22		22		29.16		33.47		33.1		213240		0		0		0		0		28.95		32.7		32.4		60405		0		24.3		1812.15		28.95

		150		50		25		25		26.59		32.21		31.96		153968		0		0		0		0		26.61		31.49		31.08		33936		0		23.873		1018.08		26.61

		150		70		28		28		24.09		31.1		30.82		98072		0		0		0		0		24.22		30.39		29.82		17926		0		24.81		537.78		24.22

		Mobile Frame

																						38.95						322210.613333333										9666.3184		38.95

																						34.75						175655.36										5269.6608		34.75

		19		19		32.92		35.61		35.63		350912		0		0		0		0		31.43		34.02		33.85		100831										3024.93		31.43

		22		22		30.35		34.42		34.27		268640		0		0		0		0		28.99		32.83		32.55		61321										1839.63		28.99

		25		25		27.89		33.22		33.1		204624		0		0		0		0		26.7		31.76		31.36		33960										1018.8		26.7

		28		28		25.36		31.97		31.9		137304		0		0		0		0		24.42		30.73		30.22		17174										515.22		24.42

		Mobile Adaptive MB level

		150		10		10		40.83		41.35		41.48		710448		0		0		0		0		38.96		39.58		39.65		305408		0		51.686		9162.24		38.96

		150		15		15		36.45		37.67		37.68		484288		0		0		0		0		34.78		35.77		35.74		164279		0		49.503		4928.37		34.78

		150		20		20		32.12		35.02		34.96		320448		0		0		0		0		30.65		33.11		32.95		79361		0		47.599		2380.83		30.65

		150		25		25		27.91		33.19		33.05		204616		0		0		0		0		26.73		31.29		30.91		33044		0		46.188		991.32		26.73

								6041449		9666.3184		38.95		40276.3266666667

								3293538		5269.6608		34.75		21956.92

								Mobile,Field

								6297140		10075.424		38.77		41980.9333333333

								3408247		5453.1952		34.51		22721.6466666667

								Mobile Adaptive

								6034579		9655.3264		38.94		40230.5266666667

								3277241		5243.5856		34.74		21848.2733333333

		150		19		19		32.85		35.37		35.35		349728		0		0		0		0		31.42		33.95		33.74		92061		0		31.028		2761.83

		150		22		22		30.28		34.07		33.94		268120		0		0		0		0		28.99		32.75		32.4		55512		0		30.52		1665.36

		150		25		25		27.79		32.73		32.56		204616		0		0		0		0		26.74		31.6		31.12		31780		0		30.06		953.4

		150		28		28		25.23		31.44		31.27		137472		0		0		0		0		24.45		30.54		29.89		17770		0		30.448		533.1
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		Stefan		Adaptive

																										39.59						201412						6042.36		39.59

																										35.71						94404.48						2832.1344		35.71

		150		130		19		19		33.23		36.39		36.39		163416		0		0		0		0		32.62		35.34		35.38		49507		0		24.7		1485.21		32.62

		150		130		22		22		30.91		35.14		35.15		117440		0		0		0		0		30.38		34.31		34.25		30360		0		24.494		910.8		30.38

		150		129		25		25		28.62		33.88		33.63		83592		0		0		0		0		28.23		33.53		33.33		18893		0		24.396		566.79		28.23

		150		133		28		28		26.28		32.71		32.62		53016		0		0		0		0		25.9		32.76		32.45		11688		0		24.894		350.64		25.9

		Stefan		Field

																										39.55						204139.04						6124.1712		39.55

																										35.65						96320.7466666667						2889.6224		35.65

		150		150		19		19		33.23		36.39		36.39		163416		0		0		0		0		32.49		35.14		35.17		50537		0		44.082		1516.11		32.49

		150		150		22		22		30.91		35.14		35.15		117440		0		0		0		0		30.17		34.03		33.98		30944		0		33.126		928.32		30.17

		150		150		25		25		28.62		33.88		33.63		83592		0		0		0		0		27.94		33.18		33		18954		0		32.72		568.62		27.94

		150		150		28		28		26.28		32.71		32.62		53016		0		0		0		0		25.56		32.46		32.15		11578		0		35.438		347.34		25.56

		Stefan Frame

																						39.55						270107.093333333										8103.2128		39.55

																						35.55						142284.213333333										4268.5264		35.55

		19		19		34		37.01		36.79		242536		0		0		0		0		32.36		35.71		35.64		82022		0								2460.66		32.36

		22		22		31.49		35.83		35.43		181656		0		0		0		0		30.04		34.94		34.77		52767		0								1583.01		30.04

		25		25		29.08		34.64		34.16		138872		0		0		0		0		27.82		34.31		34.07		32720		0								981.6		27.82

		28		28		26.63		33.81		33.34		91872		0		0		0		0		25.4		33.63		33.34		17960		0								538.8		25.4

		Stefan		Adaptive MB level

		150		10		10		41.45		42.59		42.64		490704		0		0		0		0		39.64		40.99		41.09		206514		0		50.013		6195.42		39.64

		150		15		15		37.47		38.91		38.98		324528		0		0		0		0		35.75		37.09		37.19		99634		0		48.217		2989.02		35.75

		150		20		20		33.39		36.33		36.27		207904		0		0		0		0		31.92		34.84		34.82		45729		0		47.259		1371.87		31.92

		150		25		25		29.33		34.37		33.94		129552		0		0		0		0		28.33		33.65		33.41		22452		0		46.956		673.56		28.33

				Stefan,Frame

						Kbps		dB

				5064508		8103.2128		39.55

				2667829		4268.5264		35.55

				Stefan,Field

				3827607		6124.1712		39.55

				1806014		2889.6224		35.65

				Stefan,Adaptive

				3776475		6042.36		39.59

				1770084		2832.1344		35.71

		150		19		19		34.07		36.55		36.48		229096		0		0		0		0		32.65		35.76		35.83		51321		0		31.23		1539.63

		150		22		22		31.61		35.13		34.96		171816		0		0		0		0		30.46		34.87		34.85		32183		0		31.017		965.49

		150		25		25		29.2		33.83		33.34		129552		0		0		0		0		28.38		34.09		33.94		20995		0		30.959		629.85

		150		28		28		26.69		32.97		32.45		85072		0		0		0		0		26.13		33.3		33.09		13541		0		31.725		406.23
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Sheet1

		Coast		Adaptive

		150		32		19		19		33.48		42.72		44.48		134304		0		0		0		0		32.43		41.4		42.69		50321		0		23.588				3690617		5904.9872						5904.9872		38.8

		150		27		22		22		31.62		41.86		43.64		91640		0		0		0		0		30.54		40.78		41.93		29991		0		24.027				1782313		2851.7008						2851.7008		35.09

		150		25		25		25		29.89		41.34		42.13		59608		0		0		0		0		28.8		40.24		40.61		17280		0		24.681												1509.63		32.43

		150		29		28		28		28.13		39.79		41.85		36696		0		0		0		0		27.01		38.81		40.06		9027		0		26.123												899.73		30.54

																										38.72																		6200.5536		38.72		518.4		28.8

		Coast		Field																						34.87																		3102.7216		34.87		270.81		27.01

		150		150		19		19		32.4		41.57		43.69		116272		0		0		0		0		32		40.49		41.86		55165		0		32.675				3875346		6200.5536		1654.95		32

		150		150		22		22		30.43		41.09		43.25		75152		0		0		0		0		29.92		40.03		41.24		31627		0		32.884				1939201		3102.7216		948.81		29.92

		150		150		25		25		28.66		40.13		42.6		47224		0		0		0		0		28.02		39.06		40.46		16820		0		33.727								504.6		28.02

		150		150		28		28		26.96		40.14		40.06		28104		0		0		0		0		26.17		38.91		38.89		8053		0		34.761								241.59		26.17

																								38.79														6307.3984		38.79

		Coast		Frame																				35.07														3039.1824		35.07

		150		19		19		33.48		42.72		44.48		134312		0		0		0		0		32.39		41.41		42.68		53194		3942124		6307.3984				1595.82		32.39

		150		22		22		31.62		41.86		43.64		91648		0		0		0		0		30.49		40.78		41.9		31468		1899489		3039.1824				944.04		30.49

		150		25		25		29.89		41.34		42.13		59616		0		0		0		0		28.74		40.28		40.63		17762								532.86		28.74

		150		28		28		28.13		39.79		41.85		36704		0		0		0		0		26.96		38.94		40.08		9119								273.57		26.96

		Coast Adaptive MB level

		150		10		10		40.83		41.35		41.48		710448		0		0		0		0		38.96		39.58		39.65		305408		0		51.686		9162.24		38.96

		150		15		15		36.45		37.67		37.68		484288		0		0		0		0		34.78		35.77		35.74		164279		0		49.503		4928.37		34.78

		150		20		20		32.12		35.02		34.96		320448		0		0		0		0		30.65		33.11		32.95		79361		0		47.599		2380.83		30.65

		150		25		25		27.91		33.19		33.05		204616		0		0		0		0		26.73		31.29		30.91		33044		0		46.188		991.32		26.73

						50769		32.43

						30992		30.57

						18328		28.86

		150		19		19		33.31		42.24		44		134184		0		0		0		0		32.42		41.33		42.5		50301		0		29.956		1509.03

		150		22		22		31.38		41.51		42.87		91544		0		0		0		0		30.55		40.68		41.78		30468		0		30.479		914.04

		150		25		25		29.59		40.49		42.23		59848		0		0		0		0		28.83		39.75		40.84		17873		0		31.254		536.19

		150		28		28		27.79		39.59		40.85		37096		0		0		0		0		27.06		38.96		39.49		9522		0		32.782		285.66





Sheet1

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0



Field

Adaptive Pic Level

Frame

Adaptive MB level

Coastguard

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Frame

Field

Bit rate (Kbps/sec.)

PSNR (dB)

Coastguard (IP)

0

0

0

0

0

0

0

0

0

0

0

0



Sheet3

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Frame

Field

Adaptive_Pic

Adaptive_MB

Bit rate (Kbps/sec.)

PSNR (dB)

Coastguard (IP)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Frame

Field

Adaptive_Pic

Bit rate (Kbps/sec.)

PSNR (dB)

Coastguard (IP)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		





		






_1068362997.xls
Chart3

		4380		5085		4360		4337.6528

		3059		3639		3046		3041.472

		2082		2550		2076		2080.1248

		1305		1612		1303		1315.1552



Frame

Field

Adaptive_Pic

Adaptive_MB

Bit rate (kb/s)

PSNR (dB)

Coastguard (I only)

33.53

33.3

33.55

33.53

31.6

31.21

31.62

31.63

29.81

29.35

29.83

29.83

27.96

27.34

27.98

27.97



Sheet1

		BUS

		field						frame						adaptive						# of frames				adaptive_MB

		7110		32.79				7968		32.64				7110		32.79		19		150				4242688		6788.3008		32.86

		5143		30.52				5827		30.33				5143		30.52		22		150				3051967		4883.1472		30.62

		3682		28.42				4236		28.17				3682		28.42		25		150				2159943		3455.9088		28.56

		2388		26.29				2712		25.99				2388		26.29		28		150				1390158		2224.2528		26.49

		CHEER

		field						frame						adaptive

		10222		33.67				9111		33				9111		33		19		0				5408273		8653.2368		33.15

		7640		30.34				6819		30.76				6819		30.76		22		0				4048312		6477.2992		30.92

		5697		28.11				5023		28.6				5023		28.6		25		0				2979459		4767.1344		28.77

		3844		25.83				3406		26.4				3406		26.4		28		0				2033836		3254.1376		26.56

		COASTGUARD

		field						frame						adaptive

		5085		33.3				4380		33.53				4360		33.55		19		6				2711033		4337.6528		33.53

		3639		31.21				3059		31.6				3046		31.62		22		6				1900920		3041.472		31.63

		2550		29.35				2082		29.81				2076		29.83		25		5				1300078		2080.1248		29.83

		1612		27.34				1305		27.96				1303		27.98		28		5				821972		1315.1552		27.97

		MOBILE

		field						frame						adaptive

		13369		32.5				11051		32.8				11051		32.8		19		0				6899762		11039.6192		32.84

		10428		29.85				8495		30.25				8495		30.25		22		0				5311146		8497.8336		30.29

		8084		27.21				6426		27.76				6426		27.76		25		0				4026579		6442.5264		27.79

		5513		24.5				4337		25.24				4337		25.24		28		0				2725549		4360.8784		25.26

		STEFAN

		field						frame						adaptive

		8165		33.61				7602		33.75				7501		33.77		19		45				4582586		7332.1376		33.87

		6140		31.14				5699		31.31				5615		31.34		22		47				3431128		5489.8048		31.46

		4645		28.7				4321		28.92				4219		28.97		25		56				2576905		4123.048		29.07

		3065		26.19				2845		26.51				2779		26.56		28		50				1696640		2714.624		26.65
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Sheet1

		BUS

		field						frame						adaptive						# of frames				adaptive_MB

		7110		32.79				7968		32.64				7110		32.79		19		150				4242688		6788.3008		32.86

		5143		30.52				5827		30.33				5143		30.52		22		150				3051967		4883.1472		30.62

		3682		28.42				4236		28.17				3682		28.42		25		150				2159943		3455.9088		28.56

		2388		26.29				2712		25.99				2388		26.29		28		150				1390158		2224.2528		26.49

		CHEER

		field						frame						adaptive

		10222		33.67				9111		33				9111		33		19		0				5408273		8653.2368		33.15

		7640		30.34				6819		30.76				6819		30.76		22		0				4048312		6477.2992		30.92

		5697		28.11				5023		28.6				5023		28.6		25		0				2979459		4767.1344		28.77

		3844		25.83				3406		26.4				3406		26.4		28		0				2033836		3254.1376		26.56

		COASTGUARD

		field						frame						adaptive

		5085		33.3				4380		33.53				4360		33.55		19		6				2711033		4337.6528		33.53

		3639		31.21				3059		31.6				3046		31.62		22		6				1900920		3041.472		31.63
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