File: q15g35.doc Page: 1 Date Printed: 99-2-11

ITU - Telecommunications Standardization Sector

STUDY GROUP 16

Video Coding ExpertsGroup (Question 15)

_________________

Seventh Meeting: Monterey, CA, 16-19 February, 1999

Document Q15-G- 35

Filename: q15g 35 .doc

Generated: 16 Feb. ´ 99

Question: Q.15/SG16

Source: Name:

Min-Cheol Hong, Chul-W oo Kim, and

Chang Mo Yon

Address:

LG Electronics,

Digital Media Research Lab.

16W oomyeon-Dong Seocho-Gu,

Seoul, Korea, 137-724

Tel:

Fax:

Email:

+82-2-526-7331

+82-2-571-8781

{ mhong,spreme,cmyon } @lge.

co.kr

Title: A Regularized Post Filter to Reduce Additive Quantization Noise

Purpose: Proposal

_____________________________

In this proposal, a pixel based regularization algorithm reducing additive q uantization noise is proposed, and the results applying the algorithmto the problemfor simultaneous reducing the blocking and ringing effects, which are the visuallyanno ying pheno menon of the co mpressed image using quantizatio n mechanism, is presented. A new functio nal to utilize the correlation to fo ur spatial direction is defined, and optimal solution is obtained b ytaking the differential operator to the proposed functional. Further more, the choice of the regularization parameter, which is critical in regularizatio n restoration problem, is estimated from the available over head information in decoder, resulting in reducing the co mputatio nal cost. T he experimental results sho w the capabilityand efficiencyo f the proposed algorithm.

1. Introduction

Quantization is the key step in ever yimage and video compression algorithm. Ho wever, as the bit rate is lo wered, mo st of the existing techniq ues, as well as, the current standards, produces highly visible degradation in the reconstructed images due primarily to the infor matio n loss caused b ythe q uantization process [1].

Quantization is applied directlyo n the image and video pixel intensities or anytransfor mation or series of transfor matio ns of these intensities which result, for example, in the transfor med and motion co mpensated frame difference or in a multiresolutio n wavelet representation. T he transfor mation maybe applied to the whole image or to overlapping or non-overlapping segments (blocks) of the image or video frame. It is the no nlinear quantization operation, which reduces the infor mation representing the source image. T he coarser the quantizatio n the higher the compression; ho wever, the larger the amount o f infor matio n loss, and therefore, the more visible and objectionable the co mpression artifacts.

T wo main types of artifacts are encountered in hybrid video coders such as the ones that are included in all the video compression standards. T hese artifacts are blocking and ringing artifacts. Blocking artifact result fro mthe independent processing of each block o f an image, and the infor mation lo ss of lo w frequency co mponents. On the other hand, ringing artifacts typically appear as sharp oscillatio ns along the edge of an object moving on a relatively flat background, due to the infor mation loss o f high frequency co mponents.

T he reduction of the artifacts or recover yof the quantization infor matio n has been appeared in the literature

[2,3,4,5]. T he approaches can be classified into two categories. T hose are linear or nonlinear filtering, and regularizatio n restoration approach. T he former has advantage on the co mp utational cost. Ho wever, due to the lack

File: q15g35.doc Page: 2 Date Printed: 99-2-11

of the adaptivity, the perfor mance is not satisfactor y. On the other hands, the later has disadvantage on the complexity. T herefore, it is required to consider the trade-off of the above two issues.

T he recoveryof the quantizatio n infor mation loss is ill conditio ned, and in order to obtain a desirable solution, prior infor mation about the original image and the noise should be utilized. Ho wever, this prior infor mation maybe limited. T herefore, in order to achieve the best possible results, this prior infor matio n must be extracted fro mthe available data. T he regularization theor yhas been used to replace the ill-posed problemwith well-posed problemb y incorporating the smoothing co nstraint into the solution [6,7,8]. As pointed out, the typical regularizatio n approach has trouble in the co mplexity, which mainly co mes fro mthe use of iterative techniq ue and the choice of the regularizatio n parameters [9].

In previous meeting, a pixel based regularization algorithm to simultaneo usly reduce the blocking and ringing artifacts was proposed [10]. It was sho wn that the algorithm is efficient and the results are satisfactor y. Ho wever, since the solution is always affected b ythe smoothing functional, the results maybe over -smo o thed. T he new proposed functional therefore is defined is such in a way that the smoothing functional and the fidelityfunctional is simultaneouslyco ntrolled b ythe regularizatio n parameter, resulting in avoiding the over -smo othness depending o n a priori infor mation. Also, in order to reduce the comp utational cost, the pixels belonging to not coded macro block are not processed, but represented bypixels of the previous recovered image.

T his proposal is organized as follo ws. In section 2, the ne wregularization functio nal to be minimized is defined and its properties are discussed. Also, the choice of the regularization parameters is described in Section 3. Finally, experimental results o f the proposed method and conclusio ns are presented in section 4.

2. A Pixel Based Regularized Smoothing Functional

T he quantization process makes an image degraded, and the degradation model can be written as

æ

è

é

§

«

¨ § « ¨ § « ¨ « = +

ˇ ˇ ˇ ˇ ˇ ˇ ˇ ˇ ˇ ˇ

ˇ ˇ ˇ ˇ ˇ § ° ¨

where g,f , and n represent the co mpressed image, the original image, and quantization error, respectively. Also, (i,j)

denotes two -dimensional imaging coordinate. As mentioned before, since the regularizatio n smoothing functional

proposed in [10] results in over -smoothness in edge area and less-smoothness in blocky and ringing area due to

consistent use o f the smoothing functional. T herefore, the new regularizatio n functional that we propose is defined

as

è

é Ì å è é Ì å è é Ì å è é Ì å è é

Ë

Ñ

Ô

Ã

¨¨ § § « ¨¨ § § « ¨¨ § § « ¨¨ § § « ¨¨« = + + +

ˇˇˇˇˇˇˇˇ§±¨

where

Ì å è é å è é å è é

æ è é å è é å è é å è é

Ì å è é å è é å è é æ è é å è é å è é å è é

Ì å

Ë Ë Ë

Ñ Ñ Ñ

Ô

§ § « ¨¨ § § § «

¨¨Ú § « ¨ § «

¨Ü § § « ¨¨Ú § « ¨ § « ¨Ü «

§ § « ¨¨ § § § « ¨¨Ú § « ¨ § « ¨Ü § § « ¨¨Ú § « ¨ § « ¨Ü «

§ §

= - - + - -

= - - + - +

° °

° °

± ±

± ±

ÓÎÓ Ë Ñ Ô Ã

§ «¨

§ § § « ¨¨ § « ¨ § § « ¨¨ § « ¨ § § « ¨ § « ¨ § § « ¨¨ § « ¨ § § « ¨¨ § «¨

« =

- + - + + + - + +

³ ° ° ° °

³ a a a a a

ˇ§³¨

where a a a a a

ÓÎÓ Ë Ñ Ô Ã å è é å è é å è é å è é å è é

§ § « ¨¨ § § « ¨¨ § § « ¨¨ § § « ¨¨ § § « ¨¨-

= + + +

Since f(i,j-1 ), f(i,j+1), f(i-1,j),f(i+1,j)

are not available, the observed pixels, g(i,j-1),g(i,j+1),g(i-1,j),g(i+1,j) are instead used in this proposal for

efficiency. T hen, the estimation o f the proposed algorithm beco me

File: q15g35.doc

Page:

3 Date Printed: 99-2-11 å è é å è é æ è é å è é æ è é å è é æ è é å è é æ è é å è é æ è é

ÓÎÓ Ë Ñ Ô Ã § «¨

§ § § « ¨¨ § « ¨ § § « ¨¨ § « ¨ § § « ¨ § « ¨ § § « ¨¨ § « ¨ § § « ¨¨ § «¨

- =

- + - + + + - + + ³ ° ° ° °

³ a a a a a

ˇ§´¨

In general, each macro block can be classified into two coding mode; coded mode (intra and inter) and not coded mode. Since not coded macro block means that the pixels belonging to the macro block are highlycorrelated to the pixels locating at the same position o f the previo us frame. Also, not coded macro blocks are cro wded in stationar y region, such as, background or non-mo ving object. T he region of the previous recovered image, therefore, can be utilized for the pixels of the not coded macro block, so that the co mplexityis reduced. T hen, the proposed algorithm is implemented as

å

è

é

å è é

§

«

¨

Ú

§ «¨

=

«

ˇ ˇ § « ¨ ˇ ˇ ˇ ˇ ˇ ˇ ˇ ˇ ˇ ˇ ˇ ˇ

Äð-ˇ§´¨«

«

ˇ §μ¨

if f i j is element of not coded macro block otherwise where å

ï denotes the previous recovered image.

In order to obtain the estimatio n in Eq. (5), the four directional regularization parameters are required. In next

section, the choice of the parameters will be discussed.

3. Choice of Regularization Parameters

T he regularization parameter s to control the relative co ntributio n between the fidelityfunctional and the smoothing

functio nal in each direction can be deter mined b yavailable infor matio n in decoder. Since the infor matio n loss o f an

original image is due to the quantization parameter, n(i,j) in Eq. (1) should be proportional to the quantizatio n

parameter. Let

ˇ ˇ ˇ §¶¨ where f §¨ ÐÏ ë

represents a function of ÐÏ ë

. If the additive noise is symmetricallydistributed in spatial domain, each deno minator of Eq. (6) should be same value. Ho wever, the problemat hand is different in that different degree of smoothness depending on the pixel position is required. In other words, larger smoothness is necessar ybetween block to reduce blocking artifacts, and relatively smaller smoothness is required within block to reduce ringing artifacts. T herefore, according to the pixel position, different degree of the smoothness is used such as a a a a

Ë

Ë ë

Ë ë

Ñ

Ñ ë

Ñ ë

Ô

Ô ë

Ô ë

Ã

Ã ë

Ã ë

Ê ÐÏ

æ è é æ è é Ê ÐÏ

Ê ÐÏ

æ è é æ è é Ê ÐÏ

Ê ÐÏ

æ è é æ è é Ê ÐÏ

Ê ÐÏ

æ è é æ è é Ê ÐÏ

=

- - +

=

- + +

=

- - +

=

- + +

±

± ±

±

± ±

±

± ±

±

± ±

°

°

°

°

Ú § « ¨ § « ¨Ü

«

Ú § « ¨ § « ¨Ü

«

Ú § « ¨ § « ¨Ü

«

Ú § « ¨ § « ¨Ü

« ˇˇˇˇˇˇˇˇˇˇ

ˇˇˇˇˇ§ ·¨

File: q15g35.doc Page: 4 Date Printed: 99-2-11

where Ê Ê Ê Ê

Ë Ñ Ô Ã

« « « denote constants which are differentlychosen b yposition of g(i,j) . T hose are

Ê

Ê

Ê

Ê

Ë

Ñ

Ô

Ã

=

=

=

=

Ú

«

«

«

Ú «

Ú «

Ú -

9 if j m od 8 0

1 o t herwise

9 if j m od 8 1

1 o t herwise

9 if i m od 8 0

1 o t herwise

9 if i m od 8 1

1 o t herwise

ˇ̌ ˇ ˇˇ

¼

ˇ̌

«ˇ̌ ˇ ˇ ˇ ¼

«ˇ̌

«ˇ̌ ˇ ˇ ˇ ¼

«ˇ̌

«ˇ̌ ˇ ˇ ˇ ¼

«ˇ̌

In summar y, Eqs. (5), (6), and (8) are necessar yfor the proposed algorithmto be implemented.

4. Experimental Results and Conclusions

T he proposed post filter is applied to T MN8, and compared with several options such as Annex J, Modified annex J,

Modified annex J+deringing filter, and deringing filter that is appeared in Q15-D-65. T he proposed algorithmis

compared with the other options in ter ms of PSNR, co mplexity(instr uction number and memor yband width), and bit

rates. Fro mthe experimental results, it is clear that the proposed algorithmoutperfor ms the other options, and its

complexity is decreased due to the not coded block as QP value is larger. T herefore, the proposed algorithmis ver y

efficient, as the tar get bit rates is lo wer. Also, subject qualitywith the proposed algorithmis ver ysatisfactor yand

always better than the other options.

In this proposal, a regularized post-filtering algorithmto simultaneo usly reduce blocking and ringing artifacts is

proposed, and the performance is co mpared with the several options. T he experimental results sho w the capabilityof

the proposed algorithmin terms of subject and object qualities and co mplexity. E ven tho ugh this algorithm is

applied to the compressed images using hybrid MC/DCT mechanism, it can be utilized for reducing quantization

noise b ychanging the constants in Eq. (8) of anynew codec using quantization mechanism.

References

˝sˇb b V. Bhaskaran and K. Konstantinides, Image and Video Compression Standards: Algorithm and Architectures ,

Kluwer Academic Publishers, 1995.

˝tˇb b B. Ramamurthi and A. Gersho, ‘‘Nonlinear space-invariant post processing of block coded images, ’’ IEEE

Trans. on ASSP ., vol. ASSP-34, pp. 1258-1268, Oct. 1986.

˝uˇb b R. Rosenholtz and A. Zakhor, ‘‘Iterative Procedure for Reducing o f Blocking E ffects in T ransfor mI mage

Coding, ’’ IEEE Trans. on Circuits and Systems for Video Technology , vol. 2, pp. 91-94, Mar. 1992.

˝xˇb b H. C. Andrews and B. R. Hunt, Digital Image Restoration , Englewood Cliffs, Prentice-Hall, 1977.

˝yˇb b A. K. Katsaggelos, ‘‘Iterative I mage Restoration Algorithms, ´ ´ Optical Engineering , vol. 28, pp. 735-748, July

1989.

˝zˇb b M. R. Banham and A. K. Katsaggelos, ‘‘Digital I mage Restoration,’’ IEEE Signal Processing Magazine , vol.

14, pp. 24-41, March 1997.

˝{ˇb b M.-C. Hong, Adaptive Regularized Image and Video Restoration, Ph.D T hesis, Northwestern Univer sity, Dept.

ECE, Dec. 1997.

˝srˇb b M.-C. Hong, T . E. Choe, and Chang Mo Yon, ‘‘A Post Filter to Ameliorate Blocking Artifacts and Ringing

Effects, ´ ´ IT U-T Sixth Meeting Proposal, Document No. Q15-F-23, Seoul, Nov. 1998.

˝ssˇb b N. P. Galatsanos and A. K. Katsaggelos, ‘‘Method for Choosing the Regularization Parameter and Estimating the Noise Variance in I mage Restoration and T heir Relationship, ´ ´ IEEE Trans. On Image Processing , vol. 1, pp. 322-336, July1992.

File: q15g35.doc Page: 5 Date Printed: 99-2-11

Approach A: T MN8

Approach B: T MN8 + Annex J

Approach C: T MN8 + Modified Annex J

Approach D: T MN8 + Modified Annex J + Post Filter (D65).

Approach E: T MN8 + Post Filter (D65)

Approach F: T MN8 + LGE Post Filter

Container Sequence ( QCIF), 300 frames, 10 frame rate/sec

PSNR Co mparison

A B C D E F

QP Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr

5 36.73 41.43 41.01 36.56 41.38 41.08 36.53 41.47 41.14 36.61 41.52 41.16 36.79 41.51 41.07 36.98 41.71 41.44

10 32.34 38.45 37.77 32.21 38.51 38.11 32.23 38.74 38.08 32.32 38.51 38.11 32.45 38.51 37.91 32.52 38.78 38.14

15 30.02 36.90 36.21 29.91 37.33 36.65 29.90 37.41 36.62 30.01 37.02 36.60 30.15 36.89 36.36 30.20 37.23 36.57

25 27.36 35.16 34.18 27.26 35.91 34.82 27.26 35.86 34.75 27.32 35.52 34.51 27.45 35.32 34.28 27.43 35.53 34.54

Co mplexity co mparison

A B C D E F

QP Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

5 N/A N/A 9.65 5.43 9.93 5.45 36.60 20.66 26.67 15.20 9.38 5.09

10 N/A N/A 5.79 3.26 5.95 3.26 31.62 18.46 26.67 15.20 5.25 2.85

15 N/A N/A 5.08 2.86 5.20 2.85 31.87 18.06 26.67 15.20 4.47 2.43

25 N/A N/A 4.07 2.30 4.26 2.33 30.93 17.54 26.67 15.20 3.39 1.85

Bit rates (kbits/sec)

QP A B C D E F

5 62.16 61.70 61.82 61.82 62.16 62.16

10 22.92 22.98 23.11 23.11 22.98 22.98

15 13.93 14.23 14.30 14.30 13.93 13.93

25 7.35 7.74 7.74 7.74 7.35 7.35

File: q15g35.doc Page: 6 Date Printed: 99-2-11

Hall monitor (QCIF), 300 frames, 10 fra me rate/sec

PSNR Co mparison

A B C D E F

QP Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr

5 37.82 39.90 41.73 37.57 40.24 42.16 37.54 40.33 42.13 37.65 40.43 42.23 37.93 40.04 41.92 38.28 40.35 42.10

10 33.14 37.46 39.85 33.20 37.96 39.93 33.14 37.92 39.92 33.24 37.84 39.92 33.28 37.64 40.01 33.50 37.78 39.93

15 30.79 36.41 39.60 30.95 36.84 39.60 30.90 36.79 39.50 30.96 36.80 39.60 30.91 36.78 39.77 31.09 36.76 39.65

25 27.89 35.20 39.10 28.09 35.44 39.33 28.05 35.42 39.26 28.09 35.47 39.35 27.96 35.38 39.24 28.12 35.38 39.19

Co mplexity co mparison

A B C D E F

QP Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

5 N/A N/A 8.80 4.96 9.09 4.98 35.76 20.19 26.67 15.21 8.18 4.44

10 N/A N/A 3.62 2.03 3.84 2.10 30.51 17.31 26.67 15.21 2.99 1.63

15 N/A N/A 2.96 1.67 3.05 1.68 29.72 16.89 26.67 15.21 2.35 1.28

25 N/A N/A 2.45 1.38 2.51 1.38 29.18 16.59 26.67 15.21 2.07 1.14

Bit rates (kbits/sec)

QP A B C D E F

5 56.90 54.75 54.72 54.72 56.90 56.90

10 22.74 21.81 21.92 21.92 22.74 22.74

15 14.27 13.86 13.96 13.96 13.96 13.96

25 8.02 8.09 8.06 8.06 8.02 8.02

File: q15g35.doc Page: 7 Date Printed: 99-2-11

Foreman Sequence ( QCIF), 300 frames, 10 frame rate/sec

PSNR Co mparison

A B C D E F

QP Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr

5 36.40 40.64 41.17 36.49 40.89 41.56 36.49 40.93 41.52 36.51 40.84 41.50 36.43 40.65 41.24 36.67 40.86 41.50

10 32.05 37.73 37.97 32.17 38.08 38.36 32.16 38.15 38.38 32.13 38.10 38.31 32.09 38.83 38.07 32.27 38.02 38.29

15 30.01 36.46 36.51 30.13 36.94 36.89 30.17 36.89 36.93 30.06 36.89 36.82 30.01 36.60 36.62 30.20 36.77 36.82

25 27.71 35.11 34.54 27.69 35.29 34.88 27.82 35.44 34.93 27.68 35.50 34.95 27.68 35.22 34.67 27.85 35.36 34.84

Co mplexity co mparison

A B C D E F

QP Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

5 N/A N/A 12.41 6.99 12.75 6.99 39.42 22.19 26.67 15.20 13.71 7.43

10 N/A N/A 11.92 6.72 12.25 6.71 38.92 21.91 26.67 15.20 12.88 6.98

15 N/A N/A 11.61 6.54 11.95 6.54 38.62 21.75 26.67 15.20 12.36 6.69

25 N/A N/A 11.08 6.24 11.36 6.22 38.03 21.45 26.67 15.20 11.69 6.33

Bit rates (kbits/sec)

QP A B C D E F

5 160.66 148.88 148.59 148.59 160.66 160.66

10 67.14 63.68 68.66 68.66 67.14 67.14

15 42.06 41.08 41.04 41.04 42.06 42.06

25 25.10 25.57 25.18 25.10 25.10 25.10

File: q15g35.doc Page: 8 Date Printed: 99-2-11

News Sequence (QCIF), 300 frames, 10 fra me rate/sec

PSNR Co mparison

A B C D E F

QP Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr

5 37.05 40.21 40.77 37.05 40.35 41.00 37.00 40.32 41.03 37.07 40.32 40.94 37.11 40.23 40.80 37.41 40.67 41.09

10 32.37 36.51 37.46 32.36 36.82 37.80 32.34 36.82 37.85 32.41 36.73 37.63 32.46 36.55 37.44 32.64 36.98 37.70

15 30.06 34.59 35.95 30.13 35.22 36.43 30.10 35.25 36.41 30.15 35.11 36.14 30.16 34.71 36.06 30.30 34.97 36.26

25 27.30 32.45 34.05 27.32 33.16 34.63 27.35 33.11 34.62 27.24 32.98 34.38 27.36 32.60 34.36 27.45 32.89 34.38

Co mplexity co mparison

A B C D E F

QP Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

5 N/A N/A 7.80 4.40 8.08 4.43 34.75 19.64 26.67 15.21 9.38 5.09

10 N/A N/A 6.43 3.62 6.66 3.65 33.33 18.86 26.67 15.21 5.77 3.13

15 N/A N/A 5.62 3.17 5.82 3.19 32.49 18.40 26.67 15.21 4.94 2.68

25 N/A N/A 4.67 2.63 4.74 2.60 31.41 17.81 26.67 15.21 3.98 2.17

Bit rates (kbits/sec)

QP A B C D E F

5 87.55 84.18 84.35 84.35 87.55 87.55

10 37.46 36.39 36.61 36.61 37.46 37.46

15 22.73 22.43 22.62 22.62 22.73 22.73

25 12.14 12.83 12.72 12.72 12.14 12.14

File: q15g35.doc Page: 9 Date Printed: 99-2-11

Silent voice Sequence ( QCIF), 300 frames, 15 frame rate/sec

PSNR Co mparison

A B C D E F

QP Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr

5 36.56 39.36 40.39 36.48 39.73 40.73 36.52 39.78 40.82 36.51 39.58 40.72 36.58 39.29 40.40 36.85 39.59 40.72

15 30.02 34.57 36.28 30.21 34.88 36.52 30.23 34.91 36.56 30.12 34.76 36.55 30.04 34.74 36.58 30.29 34.87 36.60

25 27.70 33.13 35.09 27.86 33.43 35.50 27.88 33.36 35.55 27.68 33.06 35.46 27.72 33.24 35.35 27.90 33.32 35.36

Co mplexity co mparison

A B C D E F

QP Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

5 N/A N/A 12.30 6.93 12.48 6.84 52.48 29.65 40.00 22.81 11.00 5.97

15 N/A N/A 8.39 4.72 8.45 4.63 48.45 27.44 40.00 22.81 7.74 4.20

25 N/A N/A 7.08 3.99 7.17 3.92 47.17 26.73 40.00 22.81 6.56 3.56

Bit rates (kbits/sec)

QP A B C D E F

5 98.73 96.27 96.16 96.16 98.73 98.73

15 24.57 24.82 24.76 24.76 24.57 24.57

25 14.26 15.07 15.11 15.11 14.26 14.26

File: q15g35.doc Page: 10 Date Printed: 99-2-11

Glasgow Sequence (QCIF), 750 fra mes, 10 fra me rate/sec

PSNR Co mparison

A B C D E F

QP Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr

5 35.68 40.22 41.80 35.73 40.58 42.18 35.71 40.57 42.14 35.72 40.56 42.17 35.70 40.31 41.97 36.00 40.54 42.16

15 28.77 35.66 37.83 28.94 36.12 38.24 28.94 36.05 38.20 28.91 36.00 38.30 28.83 36.00 38.32 29.03 36.07 38.25

25 26.38 33.87 36.28 26.59 34.19 36.58 26.60 34.17 36.55 26.55 34.25 36.67 26.43 34.28 36.72 26.59 34.25 36.63

Co mplexity co mparison

A B C D E F

QP Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

5 N/A N/A 12.30 6.93 12.29 6.74 38.96 21.95 26.67 15.21 13.04 7.07

15 N/A N/A 8.39 4.72 10.76 5.90 37.43 21.11 26.67 15.21 11.07 6.00

25 N/A N/A 7.08 3.99 10.11 5.54 36.78 20.75 26.67 15.21 10.44 5.66

Bit rates (kbits/sec)

QP A B C D E F

5 254.10 243.91 244.11 244.11 254.10 254.10

15 66.02 64.07 64.03 64.03 66.02 66.02

25 35.72 35.70 35.76 35.76 35.72 35.72

File: q15g35.doc Page: 11 Date Printed: 99-2-11

Irene Sequence (CIF), 500 frames, 30 frame rate/sec

PSNR Co mparison

A B C D E F

QP Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr

5 38.91 41.41 41.17 38.99 41.51 41.40 38.97 41.40 41.37 39.02 41.35 41.33 38.98 41.44 41.21 39.21 41.75 41.53

15 33.20 36.54 36.10 33.39 36.95 36.54 33.42 36.90 36.54 33.30 36.78 36.19 33.24 36.61 36.13 33.41 36.93 36.47

25 31.05 34.59 33.99 31.24 35.16 34.55 31.30 35.15 34.56 31.20 35.04 34.07 31.06 34.69 34.03 31.22 34.91 34.31

Co mplexity co mparison

A B C D E F

QP Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

5 N/A N/A 72.00 40.56 74.43 40.79 394.45 223.26 320.02 182.47 69.24 37.60

15 N/A N/A 52.05 29.32 53.21 29.16 373.23 65.29 320.02 182.47 48.47 26.37

25 N/A N/A 44.12 24.38 46.84 25.66 366.86 208.13 320.02 182.47 41.95 22.85

Bit rates (kbits/sec)

QP A B C D E F

5 638.98 626.75 626.27 626.27 636.98 636.98

15 141.24 143.20 142.32 142.32 141.24 141.24

25 82.18 86.17 85.82 86.17 82.18 82.18

File: q15g35.doc Page: 12 Date Printed: 99-2-11

Paris Sequence (CIF), 900 fra mes, 15 fra me rate/sec

PSNR Co mparison

A B C D E F

QP Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr Y Cb Cr

5 36.28 39.50 39.65 36.05 39.57 39.76 36.08 39.61 39.86 36.13 39.62 39.87 36.34 39.55 39.71 36.60 39.87 40.07

15 28.82 33.55 34.12 28.71 33.96 34.48 28.68 34.01 34.55 28.73 33.80 34.33 28.89 33.69 34.23 29.00 33.94 34.55

25 25.99 31.36 32.14 25.88 31.81 32.57 25.89 31.82 32.60 25.91 31.70 32.44 26.03 31.49 32.26 26.05 31.71 32.52

Co mplexity co mparison

A B C D E F

QP Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

Instruction

Number

(M IPS)

Memory

Bandwidth

(Mbytes/s)

5 N/A N/A 51.68 29.12 52.71 28.88 212.72 120.14 160.02 91.26 43.07 23.37

15 N/A N/A 30.32 17.08 31.28 17.14 191.30 108.40 160.02 91.26 25.55 13.90

25 N/A N/A 25.15 14.17 25.80 14.14 185.82 105.40 160.02 91.26 20.88 11.37

Bit rates (kbits/sec)

QP A B C D E F

5 510.38 499.32 498.11 498.11 510.38 510.38

15 124.70 123.29 123.44 123.44 124.70 124.70

25 60.03 62.97 62.93 62.93 60.03 60.03