Improving multiresolution

motion compensating hybrid coding

by drift reduction

Ulrich Benzler, Oliver Werner

Institut f�r Theoretische Nachrichtentechnik und Informationsverarbeitung

Universit�t Hannover

ABSTRACT ’ A drift reduction method which consists

of Wiener filtering and overlapped block motion com-

pensation is evaluated for the base layer performance

in a multiresolution hybrid coding scheme. At constant

bit rates average gains in PSNR of 1.9–2.4 dB have

been achieved for critical test signals compared to

MPEG–2 compatible coding. This corresponds to a bit

rate reduction of 33%. The drift reduction method can

be used as an efficient tool to improve the performance

of a multiresolution hybrid coding system.

1. INTRODUCTION

Multiresolution source coding requires that parts of the

encoded and transmitted data can be decoded separate-

ly by a base layer decoder to reconstruct low resolution

images. Specifically, an application is addressed where

low resolution images can be used simultaneously to

serve either a low resolution display (e.g. TV, TV/4) or

to function as fall back mode for a high resolution dis-

play (e.g. HDTV, TV) in case of transmission errors. In

general, multiresolution source coding leads to a re-

duced overall coding efficiency . One reason for the

decrease in coding efficiency is drift that occurs in mo-

tion compensation of low frequency signal components

when a multiresolution coding scheme is compared to

a single resolution coding scheme. Motion compensa-

tion of the low frequency signal components is more

ef ficient in a single resolution scheme where both low

and high frequency signal components can be ex-

ploited. However, the base layer decoder of a multire-

solution coding scheme has access only to the low fre-

quency signal components, and this leads to a

degenerated prediction. Drift reduction can be used to improve the base layer performance of a multiresolu-

tion coding scheme.

2. THE DRIFT PROBLEM

In motion compensating hybrid video coding the pre-

diction error instead of the original signal is coded and

transmitted. Hence, the prediction error instead of the

original signal has to be scaled for efficient multiresolu-

tion coding. Motion compensation is carried out in a

single prediction loop at the multiresolution encoder.

After motion compensation the prediction error is

scaled by low–pass filtering and subsequent subsam-

pling. However, causal prediction becomes a problem

when only the coded low frequency information is used

to derive low resolution images at a base layer decoder.

In general, a drift between the predictors of the multire-

solution encoder and the base layer decoder occurs.

This drift results in an additional reconstruction error of

the low resolution images.

Fundamentals of drift analysis and drift reduction

relevant to this work are presented in [8]. Drift is in-

voked by low–pass filtering and subsampling in com-

bination with motion compensation. A two step drift

reduction method is proposed in [8]. It consists of Wie -

ner filtering to interpolate luminance amplitudes for

fractional pel locations and Overlapped Block Motion

C ompensation (OBMC) [1] [6].

Drift can completely be avoided by the use of sever-

al prediction loops at the multiresolution encoder.

However , this approach to solve the drift problem in-

creases the prediction error of the low frequency signal

components. It is pointed out in [8] that the above men-

tioned drift reduction method can also be used to reduce

this prediction error.

In this contribution we evaluate the impact of the

drift reduction method on the coding efficiency of the

base layer in a multiresolution coding scheme with sev-

eral prediction loops at the encoder.

3. IMPLEMENT A TION OF THE DRIFT RE-

DUCTION METHOD

The MPEG–2 encoder TM5 [4] [5] is used as a refer-

ence for motion compensating hybrid coding of the low

resolution images. In MPEG–2 motion compensation is

constrained to block motion compensation of block size

16x16 pel and displacement vectors of half pel resolu-

tion. Luminance amplitudes for half pel locations are

interpolated by bilinear filtering.

OBMC is introduced as an additional macroblock

attribute for the implementation of the drift reduction

method in TM5. For each 16x16 macroblock one addi-

tional bit is coded which indicates if block or over-

lapped block motion compensation is selected. This is

decided based on the MSE of the prediction error. In

case of OBMC a sin

2

–weighting matrix [1] of support

32x32 pel is used.

For motion compensation different displacement

vectors of half or quarter pel resolution are tested. Lu-

minance amplitudes for half pel locations are interpo-

lated by separate Wiener filtering in horizontal and ver-

tical direction. An 8 tap Wiener filter of impulse

response g w =[–8,23,–48,161,161,–48,23,–8]/256 pro-

posed in [8] is used. Luminance amplitudes for quarter

pel locations are interpolated by bilinear filtering

among luminance amplitudes for full and half pel loca-

tions.

4. EXPERIMENT AL RESULTS

In the experiments low resolution images of non–inter-

laced format 352 pel per line, 288 lines per frame and

50 Hz frame rate are coded. The low resolution images

are derived from CCIR 601 [2] formatted signals in two

stages : first motion compensated de–interlacing [7] is

applied, second low–pass filtering of impulse response

h=[–29,0,88,138,88,0,–29]/256 [3] and subsequent subsampling by 2:1 in horizontal and vertical direction

is carried out. The resulting low resolution images were

found to give a good subjective quality both on a low

resolution display and when upconverted and displayed

on a CCIR 601 sampling grid. Due to the non–inter-

laced input format of 50 Hz frame rate the group of

pictures parameters specified in TM5 have been ad-

justed to N=24, M=6.

For MPEG–2 compatible coding of low resolution

images, displacement vectors of half pel resolution are

estimated with conventional block matching as de-

scribed in TM5. This estimation technique is also car-

ried out for the drift reduction method, but in view of

hierarchical coding the displacement vectors are esti-

mated for the corresponding high resolution images.

The same displacement vectors are used for block and

overlapped block motion compensation.

The coding efficiency that can be achieved by the

drift reduction method is evaluated for constant bit rate

coding at 2 Mbit/s and 3 Mbit/s. For motion compensa-

tion different block sizes of 16x16 and 8x8 pel and

dif ferent displacement vectors of half or quarter pel

resolution with respect to the sampling grid of the low

resolution images are tested. The results for the drift

reduction method and the reference MPEG–2 TM5 are

given in Fig . 4.1 .

At 3 Mbit/s, for the critical test signal Flower Gar-

den compatible MPEG–2 coding with TM5 yields a

P eak Signal–to–N oise–R atio (PSNR) of 29.6 dB be-

tween encoder input and decoder output. Wiener filter-

ing instead of bilinear interpolation for half pel loca-

tions leads to a PSNR of 30.4 dB (16x16, 1/2). If OBMC

is enabled, the PSNR value is further increased to 30.9

dB. Refining the amplitude resolution of the displace-

ment vectors from half to quarter pel gives an additional

gain of 0.7 dB, resulting in a PSNR of 31.6 dB (16x16,

1/4). This peak value is also achieved for a block size

of 8x8 pel (8x8, 1/4). Compared to MPEG–2 the drift

reduction method gives a maximum gain of 2.0 dB. For

the test signal Mobile & Calendar a maximum gain of

2.4 dB is achieved. At 2 Mbit/s the maximum gain for

the drift reduction method is 1.9 dB for Flower Garden

and 2.4 dB for Mobile & Calendar.

27

28

29

30

31

32

MPEG–2 16x16, 1/2 16x16, 1/4 8x8, 1/4

Fig . 4.1 average PSNR values for the luminance component in the cases of MPEG–2

compatible coding and the drift reduction method with different block sizes

of motion compensation and amplitude resolutions of displacement vectors,

constant bit rate coding at 2 and 3 Mbit/s,

coding format: 352x288x50 Hz, non–interlaced, 91 frames

27

28

29

30

31

32

MPEG–2 16x16, 1/2 16x16, 1/4 8x8, 1/4

3 Mbit/s

2 Mbit/s

PSNR [dB]

= block motion compensation

= overlapped block motion compensation

27

28

29

30

31

32

33

MPEG–2 16x16, 1/2 16x16, 1/4 8x8, 1/4

27

28

29

30

31

32

33

MPEG–2 16x16, 1/2 16x16, 1/4 8x8, 1/4

3 Mbit/s

2 Mbit/s

Flower Garden

Mobile & Calendar

16x16, 8x8 : block size [pel] of motion compensation

1/2, 1/4 : amplitude resolution [pel] of displacement vectors

PSNR [dB]

PSNR [dB] PSNR [dB]

These substantial improvements in PSNR values

correspond to a visible improvement in the subjective

quality of the low resolution images. Complementary,

the PSNR values of MPEG–2 compatible coding at 3

Mbit/s can already be achieved at 2 Mbit/s with the drift

reduction method. This corresponds to a bit rate reduc-

tion of 33%.

Concerning PSNR values OBMC gives a rather

small gain of order 0.2–0.5 dB. This indicates that most

of the gain is due to Wiener filtering and quarter pel

resolution of displacement vectors. However, OBMC

significantly reduces the so–called ’mosquito effects’

at the boundaries of moving objects.

For a block size of 8x8 pel the number of displace-

ment vectors to be coded is increased by a factor of four

compared to 16x16 pel. At 3 Mbit/s, this increased

amount of coded side information is outweighed by the

more accurate motion compensation, and the PSNR values are comparable for 8x8 and 16x16 pel. At 2

Mbit/s this does not hold, and 16x16 pel gives better

results. This is due to the fact that in case of 8x8 pel the

bit amount for coded displacement vectors is increased

up to 45% of the total bit rate, and only an insufficient

number of coefficients can be coded for the remaining

prediction error.

5. CONCLUSIONS

The drift reduction method significantly improves the

coding efficiency for low frequencies derived from a

high resolution signal. If the low frequencies encoded

in the base layer of a multiresolution coding scheme are

used to reconstruct low resolution images, the exper-

imental results show that the picture quality is visibly

improved. Of course, the improved coding efficiency

for the base layer gives also a benefit when the encoded low frequencies are used to reconstruct the high resolu-

tion signal.

In the experiments the displacement vectors en-

coded in the base layer are estimated with respect to the

high resolution signal. Therefore they can directly be

applied to the motion compensation of the high resolu-

tion signal, thus reducing the amount of additional side

information necessary to reconstruct high resolution

images.

If different displacement vectors are used to recon-

struct the low and high resolution images, the coding

ef ficiency for the base layer can further be improved if

the displacement vectors are estimated with respect to

the low resolution images.

In some applications due to a given bit rate

constraint a reduced format is used for coding instead

of the original source format, e.g. a CCIR 601 sequence

may be coded in MPEG–1 format SIF [3]. Although

these cases do not explicitly address multiresolution

coding, the drift reduction method which consists of

W iener filtering and OBMC can beneficially be applied

to improve the coding efficiency even there. Addition-

ally , the proposed Wiener filtering can also be used for

post–processing if the decoded images have to be up-

converted from the coding format back to the original

source format.

6. REFERENCES

[1] C. Auyeung, J. Kosmach, M. Orchard, T. Kala-

fatis, ”Overlapped Block Motion Compensation”, Pr oc. of SPIE Conf. on Visual Comm.

and Image Proc. ’92, vol. 1818, pp. 561–571,

1992

[2] CCIR Study Groups, ”Draft Revision of Rec-

ommendation 601 – Encoding Parameters of

Digital Televison for Studios”, Working

Group 11–D, Document 11/214–E, September

1983

[3] MPEG–1: ISO/IEC ”Draft International Stan-

dard DIS 11 172: Information Technology –

coding of moving pictures and associated au-

dio for digital storage media at up to about 1.5

Mbit/s”, ISO/IEC JTC1/SC29/WG11, Gene-

va, April 1992

[4] MPEG–2: ISO/IEC ,”Revised Text for ITU–T

Recommendation H.262 | ISO/IEC 13818–2:

1995, Information Technology – Generic cod-

ing of moving pictures and associated audio

information : Video”, ISO/IEC JTC1/SC29,

N0981 Rev, March 1995

[5] MPEG–2 ,”Draft – Test Model 5” , ISO/IEC

JTC1/SC29/WG1 1, N0400, April 1993

[6] S. Nogaki, M. Ohta, ”An Overlapped Block

Motion Compensation For High Quality Mo-

tion Picture Coding”, Pr oc. of IEEE Int. Symp.

on Circuits and Systems 92, pp. 184–187, 1992

[7] L. Vandendorpe, L. Cuvelier, B. Maison, P.

Qoueluz, P. Delogne, ”Motion compensated

conversion from interlace to progressive for-

mats”, EURASIP journal Image Communica-

tion, Nov .93

[8] O. Werner , ”Drift analysis and drift reduction

for multiresolution hybrid video coding”, ac-

cepted to be published as a regular paper in

EURASIP journal Image Communication