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ABSTRACT

In the majority of video conference applications, the

camera position and its focus are �xed and the scene in

the picture is stationary. When the subject moves, some

occluded background reappears in the scene. Such un-

covered background part usually has to be spatially en-

coded. In this paper, we propose a background memory

update scheme for H.263 video codec which can use the

previously transmitted background scene as the refer-

ence so that a higher coding e�ciency can be achieved.

The proposed method only uses available information in

the macroblock level to update the background memory.

Thus the extra computational load is small and the

synchronisation of the background memory is easy to

achieve. The experimental results show that the pro-

posed scheme gives improved performance both in terms

of objective and subjective criteria.

1 Introduction

In the majority of video conference and video-phone ap-

plications, the focus and the position of the camera are

�xed. This implies that the background scene is station-

ary and updating of the background region can be kept

to a minimum. However, when the subjects enter the

scene or make large movements, many regions have to be

encoded in the INTRA mode which normally requires a

higher bit consumption than that of the INTER mode

coding. Such a burst of bit increment will lead to either

a lower image quality (because the rate control mechan-

ism will increase the quantization step) or a lower frame

rate. The reduced resolution update mode (Annex. Q)

in H.263+ can partly alleviate the problem [3, 4]. A

further analysis of the situation shows that the require-

ments for the INTRA mode come from two di�erent

sources: one is for the newly appearing objects and the

other is for the uncovered background. However, as the

latter may have already been transmitted in previous

frames there is a chance to recover such uncovered back-

ground e�ciently. Various background memory tech-

niques were proposed to improve coding e�ciency for

uncovered background region[1, 6, 5, 2]. The key to the

success of the scheme depends on how to accurately ob-

tain the background memory. Both methods proposed

in [1] and [6] require explicit foreground/background

segmentation which is both time consuming and unre-

liable in real scene sequences. In [2], Hepper proposed

to use change detection to obtain background inform-

ation and used a counter to determine the background

memory updating strategy. The change detection re-

quires extra computational load and its quality will de-

termine the quality of the background memory. To syn-

chronise the background memory at both encoder and

decoder, all three schemes require either to send extra

information or to use exactly the same segmentation

or change detection algorithm both in the encoder and

decoder. To get around the problem of obtaining reli-

able background memory and the synchronisation of the

background memory on the encoder and decoder sides,

Wiegand et.al. proposed a long-term memory scheme

in [5] which uses up to 50 previously decoded images to

locate the best matching motion vectors. The scheme

not only performs well to encode uncovered background

regions but also gives high coding e�ciency in sequences

with repeated scene changes such as \News" sequence

when su�cient memories are used. The reported results

are very impressive but at the expense of much increased

memory requirement and computational load.

Here, we propose a background memory update

scheme similar to the idea in [2]. We maintain the ability

to store new background quickly and to update it slowly.

Our scheme aims to provide a good background memory

with the minimum increase in computational load. The

proposed scheme only uses the information available in

a coded macroblock and therefore the extra overhead

to obtain background is minimum and the synchron-

isation of the background memory is easy to achieve.

The proposed background memory update scheme may

be used in conjunction with reduced resolution update

mode(H.263 Annex. Q) to improve the coding e�ciency

and image quality for certain types of applications.

2 Background Memory Update Scheme

The advantage of using background memory as an al-

ternative reference picture is that previously registered



background can be used when a previously occluded

background region reemerges as a consequence of mov-

ing foreground objects. Therefore, no INTRA coding

will be necessary for such kind of reappearing regions.

Figure 1 shows how background memory can help en-

coding occluded background regions. In Figure 1 (c),

the reappearing region can be directly copied from back-

ground memory instead of using spatial coding so that

a better coding e�ciency can be achieved. If the ob-

ject moves back and forth in front of a highly textured

background, the background memory can save a consid-

erable number of bits that would otherwise be needed to

encode the repeatedly reappearing background regions.

2.1 Replenish and Update Background

Memory

The successful use of background memory for e�cient

coding of an uncovered background region largely de-

pends on the ability to reliably create and update the

background memory. It is also important that the back-

ground memory at both the encoder and decoder sides

of the codec are kept the same. To avoid sending back-

ground memory through the bitstream, it is normally

obtained from the reconstructed image. Furthermore,

with the progress of the frames, some previously covered

background may appear in the scene and should be

put into background memory. We also noted that in

a �xed bit rate channel, the �rst INTRA frame is nor-

mally coarsely coded (using large quantization step) to

avoid bu�er over
ow and to reduce the coding delay.

Such INTRA frame is normally used as the initial back-

ground memory. Therefore, it may be of poor image

quality. Here, we propose a background update scheme

aiming at solving the above problem. The scheme only

uses information obtainable from the bit stream so that

the synchronisation of the background memory does not

need any extra overhead. We also address the back-

ground memory quality improvement problem by using

quantization step size to control the rate of updating

the background memory. The whole scheme consists of

three steps:

1. When a �rst INTRA frame or a scene change frame

appears, the whole background memory is 
ashed

with that frame. A quantization map matrix in

which each element corresponds to an 8�8 area in

the background memory is created and initialized

to the quantization step used for INTRA frame cod-

ing.

2. For successive frames, if the macroblock is not

coded, the corresponding background memory will

stay unchanged. Otherwise if the motion vector

for an 8�8 region is zero and there are DCT coef-

�cients to be transmitted, the quantization step

used to encode the DCT coe�cients(QPC) is com-

pared with that in the background quantization

(a) Initial position of the object
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(b) Object moving up-left
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(c) Object moving down-right
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(d) Object moving down-right fur-

ther

Figure 1: Object motion and the background memory



map matrix(QPBG). If QPC < QPBG, the back-

ground memory is updated using

BG = (� �BG+Rec)=8 (1)

where BG is the pixel value in the background

memory, Rec is the pixel value of the reconstruc-

ted image, � is the background updating factor.

The corresponding quantization map entry is also

updated by

QPBG = (� �QPBG +QPC)=8 (2)

If QPC � QPBG, the background memory will re-

main unchanged.

3. If an occluded region can not be found in the back-

ground memory (an INTRA coding is required for

such a macroblock), the background memory is re-

plenished by

BG = (BG+ � �Rec)=8 (3)

where � is the background replenishing factor. The

quantization step for the background memory is

also updated using

QPBG = (QPBG + � �QPRec)=8 (4)

where QPBG and QPRec are quantization steps for

background memory and reconstructed INTRA co-

dec macroblock respectively.

In the above equations, the weighting factors � and �

control the speed of updating and replenishing respect-

ively. In our experiment, we choose

� = � = 7

which gives an updating rate of 12.5% and a replen-

ishing rate of 87.5%. Because of the use of quantization

step information, the quality of the background memory

can only be improved and any low quality updating is

avoided.

2.2 Application of Background Memory in Un-

covered Background Prediction

Once we have successfully created the background

memory, we can use it to improve the coding e�ciency

on uncovered background regions as illustrated in Figure

1. The use of background memory as a reference picture

for Uncovered Background Prediction (UBP) can be

controlled by either internal or external means. As our

aim is to provide an e�cient way to encode uncovered

background for sequences with stationary background,

the UBP mode should be switched o� for sequences with

non-stationary background to reduce the bit overhead

and computational load. The UBP mode may be used

in complement to Global Motion Compensation (GMC)

mode which can e�ciently encode sequences with cam-

era motion[7]. Therefore, one of possible internal con-

trol strategies may simply use a global motion detector

to toggle between UBP and GMC mode. Alternatively,

one can use external means to select a suitable option

for the codec.

When the UBP mode is selected, the Sum of Absolute

Di�erence (SAD) between background memory and the

original input(SADUBP ) is calculated and the result is

compared with SAD of zero motion vector(SAD0;0). If

SADUBP is less than SAD0;0, it is then used in place

of SAD0;0, noted as SADzero. If SADzero is less than

SADMC + 100 and SADUBP is less than SAD0;0, the

backgroundmemory will be used as the reference instead

of the reconstructed previous frame.

The procedure is operated at the macroblock level

so that the overhead to indicate the use of background

memory is kept to 1 bit per macroblock.

2.3 Bitstream Syntax Change

The use of the UBP mode requires some modi�cation

in the bit stream syntax of H.263 Version 2. Both pic-

ture head and macroblock level need to be modi�ed to

accommodate the use of background memory.

In the picture head, the Bit16 of optional PLUSP-

TYPE (OPPTYPE) can be used to indicate the use of

the Uncovered Background Prediction (UBP) mode in

which a 1 will enable the mode and a 0 will disable the

mode. The use of background memory update may be

negotiated through external means.

In the macroblock level, a one bit Background

Memory Prediction (BMP) �eld is added after the

Coded macroblock indication (COD) bit when UBP is

1 in OPPTYPE. A \0" in BMP indicates that the nor-

mal reference is used for the macroblock being coded;

a \1" in BMP indicates that the background memory

is used as the reference picture. Please note that BMP

bit should be checked even if COD=1 (macroblock not

coded) so that the right reference picture can be selected

for the macroblock. The extra overhead for using UBP

mode is 1 bit per macroblock which may signi�cantly

increase the bit rate for very low bit rate applications

with high frame rate(e.g., it will result in a 16.5% extra

overhead for CIF sequences coded at 24kbps at 10 fps).

3 Experimental Results

The experiments were carried out using an implementa-

tion of H.263+ coder with modi�cations to use the back-

ground memory update mode. Two CIF sequences with

some degree of occlusion are used in the test: \Chil-

dren" and \Silent voice". The rate-distortion results of

the experiments are given in Figure 2 and Figure 3 re-

spectively. In the �gures, \Codec A" is the codec with

uncovered background prediction enabled and \Codec

B" is the same codec with uncovered background predic-

tion disabled. Both sets of results show that the use of



uncovered background prediction improves both the im-

age quality (higher PSNR) and coding e�ciency (lower

bitrate). The results also show that the use of the pro-

posed scheme tends to improve the image quality at the

lower end of bit rate and it gives a better coding ef-

�ciency at the higher end of bit rate. The maximum

gain is achieved in the middle range of the bit rate. The

results proved our analysis in the previous section that

the one bit per macroblock extra overhead hinders any

improvements in coding e�ciency in low bit rate applic-

ations. When the bit rate is su�ciently high, the gain

from the use of UBP outpaces the overhead. This results

in a more signi�cant improvement in coding e�ciency.

4 Conclusions

The proposed background memory update scheme is ef-

fective for sequences with stationary background and

large local motions involving uncovered background re-

gions. The bit overhead and computational load of the

proposed scheme are relatively small but it requires an

extra memory equivalent to the size of the image frame.

The experimental results show that the use of uncovered

background prediction with the proposed background

memory update scheme can improve both the image

quality for uncovered background regions as well as cod-

ing e�ciency.
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Figure 2: Test results for the sequence Children
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Figure 3: Test results for the sequence Silent


