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1 Introduction

The interpolation filters with invariable coefficients are adopted in the new video coding standard H.264/MPEG-4 AVC for motion compensated prediction of 1/4-pel or 1/8-pel resolution displacement. The performance of these conventional filters based on the known signal properties may be degraded for the signals with the unknown and/or non-stationary statistical properties. An adaptive interpolation filter (AIF) for motion compensated prediction of 1/4-pel resolution displacement was proposed in [1-3], where the filter coefficients are adapted once per frame to the unknown and/or non-stationary statistical properties of the video signals. 

In this proposal a more complicated adaptive interpolation filter for motion compensated prediction of 1/8-pel resolution displacement is proposed. This adaptive interpolation filter is compatible with the JVT filter. Only 4 filter coefficients are estimated, coded and transmitted. No more memory space is required. It can be flexibly used just as the MPEG quantization matrices. This adaptive interpolation filter is implemented on the JVT software codec JM2.0 and available as JVT-E053_Software.zip. Experimental results in the common test conditions show that the codec with this adaptive interpolation filter achieves up to 0.26dB PSNR gain or 5% bit rate savings correspondingly in comparison with the JVT codec. 

2 Description

2.1 Filter Model

Introducing the AIF for 1/4-pel resolution in Figure 1 of [2] into the interpolation process for motion compensated prediction of 1/8-pel resolution displacement adopted in the JFCD [4], we obtain the AIF for 1/8-pel resolution in Fig.1 of this proposal. The interpolation for 1/8-pel resolution in JFCD includes 2 sequential interpolation steps: three 8-tap filter are used as JFCD Filter 1 to implement 4:1 up-sampling, and a bilinear filter is applied as JFCD Filter 2 to complete 2:1 up-sampling. The filter coefficients coeff1~coeff3 for interpolation at the positions of 1/4-pel, 2/4-pel and 1/8-pel respectively are listed below

–
coeff1 for sample values at 1/4 positions: (-3,  12,  -37,  229,    71,  -21,    6,  -1)/256,

–
coeff2 for sample values at 2/4 positions: (-3,  12,  -39,  158,  158,  -39,  12,  -3)/256,

–
coeff3 for sample values at 3/4 positions: (-1,    6,  -21,    71,  229,  -37,  12,  -3)/256.

The proposed AIF consists of 3 sequential interpolation steps: one 8-tap adaptive filter is adopted in both JFCD-AIF Filter 1 and JFCD-AIF Filter 2 to implement 2:1 up-sampling, and JFCD-AIF Filter 3 is the same as JFCD Filter 2. The filter coefficients of the adaptive filter is expressed below

–
AIF-coeff: (
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Complexity is the No.1 reason why the same adaptive filter is adopted in both JFCD-AIF Filter 1 and JFCD-AIF Filter 2, and bit rate of the AIF coefficients is the No.2 reason. Because high spatial correlation exists in image signals, it is reasonable to assume that the image signals are the stationary Gauss signals in local areas of image planes. It is indicated in [5] that the filter with optimized linear estimation such as the Wiener filter is a symmetric filter for the stationary stochastic signals. The process of adaptive interpolation contains a similar linear estimation of optimized filter coefficients. So the 8-tap adaptive filter is a symmetric filter. Thus only 4 parameters 
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have to be estimated, coded and transmitted. As the non-adaptive filter in the JFCD shows better performance in most cases, its coefficients are set as default values of the AIF coefficients. That is, 
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2.2 Implementation of Adaptive Interpolation

For the purpose of further reduction of complexity on the basis of [3], we propose to use AIF flexibly. That is, as the conventional usage, the AIF is disable and the non-adaptive filter of the JFCD is activated for many cases. Only in some special cases, the AIF is activated and the AIF coefficients are transmitted through bit streams for some video sequences and some frames in the same sequence. This is just as the use of the MPEG quantization matrices. 

In the MPEG standards, the syntax of load_intra/inter_quantizer_matrix is at sequence header. In many cases, the default quantization matrices are used. In some special cases, one or two user-defined 8x8 quantization matrix is transmitted through bit stream so as to employ the characteristics of the human vision system (HVS) more efficiently. The syntax of AIF is at picture header. This means that the use of AIF is more flexible that that of the MPEG quantization matrices. 

In order to implement the said flexible use of AIF, the adaptive interpolation of 1/8-pel resolution in Fig.1 has to be transformed into the one including 2 interpolation steps. Thus the AIF is compatible with the non-adaptive filter in the JFCD. The non-adaptive filter in the JFCD can be used as the default filter of the AIF. This interpolation process is also the physical process of the JVT encoder. At the JVT encoder, the frame memory size for each reference picture is 4x4 times as large as the original image size. Regarding each reference picture, the reconstructed image of the original image size is up sampled to the one of 4:1 resolution by JFCD Filter 1 and then stored into the frame memory. Using JFCD Filter 2, the interpolation is performed on the fly at the 1/8-pel positions for both motion search and motion compensated prediction. Moreover, it is known from [6] that at decoder the complexity of direct interpolation is lower than that of subsequent interpolation. That means that at the decoder the complexity of JFCD is lower than that of JFCD-AIF. 
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Table 1 Filter coefficients of the equivalent interpolation filtering
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Table 2 Filter coefficients used to implement the proposed AIF

The equivalent interpolation filtering of combination of JFCD-AIF Filter 1 and JFCD-AIF Filter 2 is obtained in the way described in Appendix. Its coefficients are in Table 1. AIF-coeff1, AIF-coeff2 and AIF-coeff3 are the filters at the positions of 1/4-pel, 2/4-pel and 3/4-pel respectively with the expression of (…, 
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Default values of AIF-coeff1 and AIF-coeff3 approximate to a great extent to non-adaptive coeff1 and coeff3 respectively. Ignoring the very small coefficients in Table 1, we obtain the 8-tap AIF in Table 2, where the following constraint is imposed according to the conclusion in [5]

    If 
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 for AIF-coeff1/2/3                                                                              (1)

This means that AIF-coeff1, AIF-coeff2 and AIF-coeff3 are all non-biased estimates when AIF-coeff is non-biased estimate. We set 
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 in Table 2 so that AIF-coeff1 is within the constraint (1) and its default value also becomes more approximated to non-adaptive coeff1. Thus the filter coefficients in Table 2 are used to implement the proposed AIF.

2.3 Solution of Mismatch

Due to the transformation of AIF as Table 2, the AIF is compatible with the non-adaptive filter in JFCD. Thus implementation of the codec with the AIF becomes simpler. Most source codes of the JVT codec can continue to be used with modification of the filter coefficients from integer numbers to float numbers. In this course, mismatch between encoder and decoder occurred. The follows in this section describe the details about this mismatch.
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For the JVT codec, the 2D interpolation is accomplished sequentially by 1D interpolation in the horizontal direction followed by 1D interpolation in the vertical direction. The intermediate results are stored into an integer 2D array. Truncation is added to the interpolation process of the codec with the AIF. The float results of the 1st interpolation are truncated into integer numbers. Thus the results of the 1st interpolation with truncation in the horizontal direction followed by the 2nd interpolation with rounding in the vertical direction may be different from that of the 1st interpolation with truncation in the vertical direction followed by the 2nd interpolation with rounding in the horizontal direction. 

Mismatch occurs only at the positions of vertical 1/4-pel interpolation followed by horizontal 1/8-pel interpolation, as shown in Fig.2. There are total 12 positions for each full-pel position where mismatch maybe occur. For example, let’s consider the position 20 in Fig.2. For subsequent interpolation, the sample values of the positions 19 and 21 have to be calculated before the sample value of the position 20 is calculated. In order to reduce complexity, the interpolation at the decoder at the positions 19 and 21 is performed by vertical interpolation followed by horizontal interpolation. The intermediate results of the 1st interpolation for the positions 19 and 21 are the same. However, at the encoder, the interpolation at the positions 19 and 21 is performed by horizontal interpolation followed by vertical interpolation. So the probably different values at the both positions 19 and 21 between the encoder and the decoder result in the mismatch at the position 20. In order to solve this mismatch problem, the 2D interpolation at the decoder at the positions 19 and 21 is also performed by horizontal interpolation followed by vertical interpolation, just as that at the encoder. In comparison with the interpolation in the JFCD as described in [7], 8 more multiplication operations are require for the adaptive interpolation at the position 20. Thus 12*8/64=1.5 more multiplication operations are required at each full-pel position.

3 Experimental Results

Test Sequence
QP
JM2.0
JM2.0 with 1/8-pel AIF
Distance between two R-D curves



Bit rate (kbps)
Y PSNR (dB)
Bit rate (kbps)
AIF bit rate (bps)
Y PSNR (dB)


Foreman

QCIF

300 frames

30 fps
28
30.15
28.31
31.85
1751.80
28.84
3.87% bit rate savings

or

0.20dB gain


24
48.30
30.83
49.31
1640.40
31.25



20
77.98
33.38
78.89
1478.20
33.57



16
129.89
35.98
128.89
1313.00
36.07


Mobile & Calendar

CIF

300 frames, 30 fps
28
185.04
24.82
182.36
1596.20
25.16
5.09% bit rate savings

or

0.26dB gain


24
322.90
27.80
315.33
1565.80
28.01



20
615.81
30.88
601.84
1438.80
30.98



16
1176.96
34.12
1159.21
1283.20
34.15


Paris

CIF

300 frames

30 fps
28
77.48
26.74
79.36
1839.20
26.77
-0.73% bit rate savings

or

-0.039dB gain


24
140.93
29.54
142.17
1645.00
29.50



20
251.78
32.45
252.49
1506.60
32.47



16
434.17
35.46
434.43
1307.60
35.48


Tempete

CIF

260 frames

30 fps
28
144.88
26.54
146.52
1482.00
26.73
2.46% bit rate savings

or

0.11dB gain


24
262.26
29.22
260.77
1383.69
29.34



20
507.15
32.04
502.71
1279.85
32.10



16
986.08
35.09
979.77
1029.69
35.09


Irene

CIF

300 frames

30 fps
28
61.60
31.01
62.54
2035.00
31.00
-1.11% bit rate savings

or

-0.051dB gain


24
111.53
33.55
113.28
1718.30
33.53



20
201.50
36.10
203.34
1530.60
36.13



16
343.39
38.70
345.50
1302.80
38.71


Table 3 Experimental results

In order to compare with the AIF for 1/4-pel resolution in [3], the same JVT software codec JM2.0 instead of the most recent one JM4.2 is used as the platform to implement the proposed adaptive interpolation filter for 1/8-pel resolution. Except the contents described in 2.2 and 2.3, the codec with the AIF for 1/8-pel resolution is similar to that with the AIF for 1/4-pel resolution. As the unique different point thereof, the former one contains 4 variable filter coefficients while the later one contains 3 variable filter coefficients. As a temporary solution, a 2D array is defined only in the slice mode to store intra4x4 prediction mode of each 4x4 block. Otherwise decoding error occurs in the slice mode. Except this array, no a big array more than JM2.0 is defined in this software.

The experiment is carried out using 5 test sequences under the common test conditions. The encoding settings for all the tests are 5 reference frames, CABAC, 1/8-pel motion vector resolution, R-D optimized motion estimation and mode decision, IPP…P picture type sequence, no B-frame, no slice, H.26L VCL bit stream without encapsulation. The distance between the two R-D curves of the JM2.0 codec and the one with the proposed 1/8-pel resolution AIF for each sequence is calculated by the software avsnr4. The results are in Table 3 in the same form of Table 1 in [3] and the R-D curves are in the Excel file JVT-E053.xls.

4 Summary

An adaptive interpolation filter for motion compensated prediction of 1/8-pel resolution displacement is presented in this proposal. Firstly this adaptive interpolation is modeled as 3 sequential interpolation steps, which contain an 8-tap symmetric filter with 4 adaptive filter coefficients. Secondly it is transformed into the equivalent interpolation filtering containing 2 sequential interpolation steps with the same structure as the non-adaptive filter in the JFCD. Its default approximates to a great extension to the non-adaptive filter in the JFCD. So it is compatible with the non-adaptive filter in the JFCD. Only 4 filter coefficients are estimated, coded and transmitted. No more memory space is required. It can be flexibly used just as the MPEG quantization matrices. This flexible use contributes to reduce complexity of adaptive interpolation filter.

In comparison with JM2.0, the codec with the proposed adaptive interpolation filter for 1/8-pel resolution achieves up to 0.26dB gain or 5.09% bit rate savings correspondingly on Mobile & Calendar sequence. This gain is higher than that of the codec with the adaptive interpolation filter for 1/4-pel resolution as 0.21dB or 4.55% bit rate savings correspondingly [3]. 

From the experimental results in this proposal as well as [3], the performance of the adaptive interpolation filters depends on the contents of the video signals. It is found out that higher the percentage of skip macroblock mode in P-frames is, worse the coding performance of the codec with the proposed 1/8-pel adaptive interpolation filter is. In the most recent JVT software codec, the new skip mode is adopted. In this new skip mode, motion compensated prediction of 16x16 block is also performed with the predicted values of motion vectors. Maybe it is good for adaptive interpolation filters for 1/4-pel and 1/8-pel resolution displacements. 
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Appendix

From the signal processing point of view, 1D interpolation filtering of 2:1 resolution can be interpreted as 2:1 up-sampling followed by low-pass filtering, as shown in Fig.3. We try to infer the coefficients of the equivalent interpolation filtering of 4:1 up-sampling, which is the combination of Interpolation Filter 1 and Interpolation Filter 2 in series, from the relation between 
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Let both Interpolation Filter 1 and Interpolation Filter 2 be 8-tap symmetric interpolation filters as

coefficients of Interpolation Filter 1: (
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The relation between 
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Thus we can expand Equation (4) as
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We obtain follows in the same way
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The above results are in Table 4. Obviously, if 
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at all the fractional-pel positions. This is a very important property.
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Table 4 Coefficients of the equivalent interpolation filtering of 4:1 up-sampling

 (Append for Proposal Documents)

JVT Patent Disclosure Form

International Telecommunication Union
Telecommunication Standardization Sector
International Organization for Standardization
International Electrotechnical Commission  

[image: image211.wmf]
[image: image212.png]1S0
NS




[image: image213.png]




Joint Video Coding Experts Group - Patent Disclosure Form
(Typically one per contribution and one per Standard | Recommendation)

Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

This form provides the ITU-T | ISO/IEC Joint Video Coding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

Submitting Organization or Person:

Organization name
South China University of Technology


Mailing address
College of Electronic & Information Engineering, South China University of Technology, Guangzhou 510641, China


Country
China


Contact person
Lifeng Song


Telephone
86-20-87111730


Fax



Email
slf@21cn.com


Place and date of submission
Guangzhou, China, Oct. 4, 2002


Relevant Recommendation | Standard and, if applicable, Contribution:

Name (ex: “JVT”)
JVT


Title
1/8-pel Resolution Adaptive Interpolation Filter


Contribution number
JVT-E053






(Form continues on next page)

Disclosure information – Submitting Organization/Person  (choose one box)




[image: image214.wmf]
2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,



[image: image215.wmf]
2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.




[image: image216.wmf]
2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.





[image: image217.wmf]
2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.




[image: image218.wmf]
2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

In the case of any box other than 2.0 above, please provide the following:

Patent number(s)/status



Inventor(s)/Assignee(s)



Relevance to JVT



Any other remarks:



(please provide attachments if more space is needed)



(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

Disclosure information – Third Party Patents (choose one box)





[image: image219.wmf]
3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.



[image: image220.wmf]
3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



3rd party name(s)



Mailing address



Country



Contact person



Telephone



Fax



Email



Patent number/status



Inventor/Assignee



Relevance to JVT







Any other comments or remarks:



� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���








File:JVT-E053r1.doc
Page: 11
Date Saved: 02-10-8 11:16

[image: image224.wmf]1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

M

M

M

M

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

M

M

M

M

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

M

M

M

M

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

full-pel position

1/2-pel or 1/4 position

1/8-pel position

mismatch occurrence

Fig.2 Image grid of 8:1 up-sampling

M

[image: image225.wmf]non-adaptive

8-tap filter

non-adaptive

bilinear filter

Filter 1

Filter 2

JFCD

Filter 1

Filter 2

Filter 3

adaptive

8-tap filter

non-adaptive

bilinear filter

JFCD-AIF

1:1

4:1

8:1

1:1

2:1

4:1

8:1

Fig.1 Interpolation process for motion compensated

prediction of 1/8-pel resolution displacement

[image: image226.wmf]2

­

1

H

2

­

2

H

Interpolation Filter1

Interpolation Filter2

x

1

y

2

y

Fig.3 4:1 Up-sampling

_1095193755.unknown

_1095198880.unknown

_1095202824.unknown

_1095206339.unknown

_1095206415.unknown

_1095206484.unknown

_1095207047.unknown

_1095207121.unknown

_1095261656.vsd
2�

2�

Interpolation Filter1�

Interpolation Filter2�

Fig.3 4:1 Up-sampling�


_1095206507.unknown

_1095206991.unknown

_1095206520.unknown

_1095206495.unknown

_1095206439.unknown

_1095206449.unknown

_1095206427.unknown

_1095206369.unknown

_1095206401.unknown

_1095206353.unknown

_1095204537.unknown

_1095204836.unknown

_1095205154.unknown

_1095205392.unknown

_1095205490.unknown

_1095205521.unknown

_1095205444.unknown

_1095205231.unknown

_1095204907.unknown

_1095205061.unknown

_1095204864.unknown

_1095204561.unknown

_1095204581.unknown

_1095204812.unknown

_1095204572.unknown

_1095204553.unknown

_1095204055.unknown

_1095204289.unknown

_1095204516.unknown

_1095204527.unknown

_1095204499.unknown

_1095204424.unknown

_1095204180.unknown

_1095204247.unknown

_1095204114.unknown

_1095203856.unknown

_1095203937.unknown

_1095203802.unknown

_1095201844.unknown

_1095202183.unknown

_1095202411.unknown

_1095202584.unknown

_1095202297.unknown

_1095202023.unknown

_1095202111.unknown

_1095201942.unknown

_1095199528.unknown

_1095200126.unknown

_1095200303.unknown

_1095199588.unknown

_1095199081.unknown

_1095199143.unknown

_1095199024.unknown

_1095195402.unknown

_1095197911.unknown

_1095198434.unknown

_1095198667.unknown

_1095198765.unknown

_1095198535.unknown

_1095198297.unknown

_1095198354.unknown

_1095198224.unknown

_1095195788.unknown

_1095196960.unknown

_1095197848.unknown

_1095196263.unknown

_1095195497.unknown

_1095195632.unknown

_1095195446.unknown

_1095194764.unknown

_1095195249.unknown

_1095195305.unknown

_1095195372.unknown

_1095195265.unknown

_1095194940.unknown

_1095195091.unknown

_1095194926.unknown

_1095194157.unknown

_1095194195.unknown

_1095194636.unknown

_1095194185.unknown

_1095194139.unknown

_1095194111.unknown

_1095194098.unknown

_1095099435.unknown

_1095099555.unknown

_1095193161.unknown

_1095193711.unknown

_1095193726.unknown

_1095193696.unknown

_1095103696.unknown

_1095169958.doc



_1095193148.unknown

_1095170014.doc



_1095106353.unknown

_1095152517.vsd
1�

2�

3�

4�

5�

6�

7�

8�

9�

10�

11�

12�

13�

14�

15�

16�

M�

M�

M�

M�

17�

18�

19�

20�

21�

22�

23�

24�

25�

26�

27�

28�

29�

30�

31�

32�

M�

M�

M�

M�

33�

34�

35�

36�

37�

38�

39�

40�

41�

42�

43�

44�

45�

46�

47�

48�

M�

M�

M�

M�

49�

50�

51�

52�

53�

54�

55�

56�

57�

58�

59�

60�

61�

62�

63�

64�

M�

full-pel position�

1/2-pel or 1/4 position�

1/8-pel position�

mismatch occurrence�

Fig.2 Image grid of 8:1 up-sampling�


_1095102199.unknown

_1095099487.unknown

_1095099511.unknown

_1095099540.unknown

_1095099500.unknown

_1095099462.unknown

_1095099475.unknown

_1095099450.unknown

_1095096866.unknown

_1095099378.unknown

_1095099403.unknown

_1095099416.unknown

_1095097259.unknown

_1095097274.unknown

_1095097677.unknown

_1095096947.unknown

_1095097012.unknown

_1095097232.unknown

_1095097244.unknown

_1095097025.unknown

_1095096960.unknown

_1095095683.unknown

_1095096808.unknown

_1095096851.unknown

_1095095700.unknown

_1095096791.unknown

_1095095692.unknown

_1095094085.unknown

_1095095539.unknown

_1095095641.unknown

_1095095655.unknown

_1095095672.unknown

_1095095555.unknown

_1095095497.unknown

_1095094581.unknown

_1095094892.unknown

_1095095197.unknown

_1095095451.unknown

_1095094744.unknown

_1095094389.unknown

_1095094242.unknown

_1095011916.unknown

_1095091459.unknown

_1095091536.unknown

_1095015172.vsd
non-adaptive 8-tap filter�

non-adaptive bilinear filter�

Filter 1�

Filter 2�

JFCD�

Filter 1�

Filter 2�

Filter 3�

adaptive
8-tap filter�

non-adaptive bilinear filter�

JFCD-AIF�

1:1�

4:1�

8:1�

1:1�

2:1�

4:1�

8:1�

Fig.1 Interpolation process for motion compensated prediction of 1/8-pel resolution displacement�


_1095011899.unknown

_1095011767.unknown

_1095011782.unknown

_1095011701.unknown

