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Abstract—This paper presents a region of interest transcoding
scheme for multipoint video conferencing to enhance visual quality.
In a multipoint video conference, usually there are only one or two
active conferees at one time, which are the regions of interest to the
other conferees involved. We propose a dynamic sub-window skip-
ping scheme to firstly identify the active participants from the mul-
tiple incoming encoded video streams by calculating the motion ac-
tivity of each sub-window and then dynamically reduce the frame
rates of the motion inactive participants by skipping these less-im-
portant sub-windows. The bits saved from the skipping operation
are reallocated to the active sub-windows to enhance the regions of
interest. We also propose a low-complexity scheme to compose, as MCU in the
well as trace, the unavailable motion vectors with a good accuracy Central Office
in the dropped inactive sub-windows after performing sub-window
skipping. Simulation results show that the proposed methods not Fig. 1. Application example of multipoint video conferencing.
only significantly improve the visual quality of the active sub-win-
dows without introducing serious visual quality degradation in the
inactive ones, but also reduce the computational complexity and and audio streams among multiple participants in a video
avoid whole-frame skipping. Moreover, the proposed algorithm is - conference according to the channel bandwidth requirement of
fully compatible with the H.263 video coding standard. each conferee. A video transcoder [7]-[10] is included in the

_Index Terms—Bit-rate control, multipoint control unit (MCU),  MCU to combine the multiple incoming encoded video streams
video coding, video conference, video transcoding. from the various conferees into a single coded video stream
and send the re-encoded bit stream back to each participant
|. INTRODUCTION over the same channel with the required bit rate and format
afor decoding and presentation. In the case of a multipoint
video conference over a public switch telephone network
- . . !F’STN) or integrated service digital network (ISDN), the
our daily life. In recent years, several international Standarcﬁannel bandwidth is constant and svmmetrical. Assumin
such as H.261 [1], H.263 [2], MPEG-1 [3], MPEG-2 [4], Sy ' 9
: ’each conferee has a channel bandwidttBdtb/s, then MCU
and MPEG-4 [5] have been established to support various

video services and applications. In these standards, Hégfewes the conferees’ videos At kb/s each, decodes and

and H.263 have been successfully adopted in two-wa Vidcombines the videos, and re-encodes the combined video at

) - . y Pte -way kb/s so as to meet the channel bandwidth requirements for
telephony applications. Video telephony is an efficient Wa%{ending back the encoded video to the conferees. Therefore
for businesspersons, engineers, scientists, etc. to exchan : '

. . . . . %tqg required to perform bit-rate conversion/reduction at the
information at remote locations. With the rapid growth of.

: L . __"video transcoder. Bit-rate conversion from high to low bit rate
video telephony, the need of multipoint video conferencing IS~ . . . . . .
IN video transcoding will, however, introduce video quality

also growing. A multipoint videoconference involves three %e radation. The visual quality, computational load, and used

e m
video combining /
-

ITH THE rapid advance of video technologies, digit
video applications have become increasingly popular

more conference participants. In continuous presence vide . X .
. : . DIt rates need to be traded off in video transcoding to achieve
conferencing, each conferee can see others in the same win :
a_good solution.

ow
simultaneously [6]. Fig. 1 depicts an application scenario of The problem of how to efficiently redistribute the limited bit

m.ultlple persons participating n a muItlp.omt wdgoconferencr%tes to different parts of a video in video transcoding is critical
with a centralized server. In this scenario, multiple conferees -~ . . : N
. 10 providing satisfactory visual quality. In a multipoint video-
are connected to the central server, referred to as the multipain .
conference, usually only one or two conferees are active at one

control unit (MCU), which coordinates and distributes vide . . .
( ) ?lme. The active conferees need higher bit rates to produce good
guality video, while the inactive conferees require lower bit rates
Manuscript received April 4 2001_; revised December 1, 2002. This papgy produce acceptable quality video [9] Simply uniformly dis-
was recommended by Associate Editor H. Watanabe. ibuti he bi h f il Iti if
C.-W. Lin and Y.-C. Chen are with the Department of Computer Science aﬁrd uting t e It rates to the conterees will resu .t n non_um orm
Information Engineering, National Chung Cheng University, Chiayi, Taiwaxideo quality. To make the best use of the available bit rates, a
621\1/|Y |?’osﬁn is with the Information Processing Laboratory, University ojFOint rate-control scheme, which takes into account each con-
Washington, Seattle, WA 98195 USA. ’ eree sub-window’s activity, can be used [9], [10]. Sl [9]
Digital Object Identifier 10.1109/TCSVT.2003.816505 proposed to measure the motion activity of each sub-window
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Fig. 2. Proposed multipoint video transcoding architecture.

by calculating the sum of the magnitudes of its correspondipgoblem can be alleviated by appropriately selecting the frames
motion vectors and allocate the bit rates to each sub-window &g-be dropped. Second, it will cause a motion vector missing
cording to its activity. Thus, more bits will be allocated to thosproblem, which is similar to that mentioned in [15] and [18]. In
sub-windows with higher activities, thereby producing mucbrder to resolve the problem, we present a motion-vector com-
more uniform quality video. Wu and Hwang [10] extended thposing scheme, which can compose and trace the unavailable
work in [9] by allocating the bits to each sub-window accordingnotion vectors in the dropped sub-windows with accuracy at a
to its spatial-temporal activity, which takes into account the mabetter than previous algorithms and very low computational and
tion, variance of the residual signal, and number of encodetemory cost.

macroblocks. Similar work on joint rate control can also be The remainder of this paper is organized as follows. Sec-
found in the statistical multiplexing (StatMux) of multiple videction Il presents the proposed DSWS scheme. In Section llI,
programs [11]-[13] and MPEG-4 joint rate control of multiplea pre-filtered activity-based motion-vector composing scheme
video objects [14], [27]. However, the strong correlation amorig proposed for composing the unavailable motion vectors in
the conferees in a multipoint video conference usually does ribe dropped sub-windows after performing the DSWS scheme.
exist in the general cases of the StatMux and MPEG-4 objeatction IV reports the experimental results of the proposed al-
rate control. In addition, we will show that dynamic temporajorithms and the comparison with the H.263 TMN8 [17] di-
resolution control [15] for each sub-window, which we first prorect transcoding method. Finally, conclusions are drawn in Sec-
posed in [16], may achieve further coding gain and computatition V.
reduction in multipoint video transcoding.

In this paper, we present a dynamic sub-window skipping
(DSWS) scheme, which provides the flexibility that sub-win-
dows can be encoded in different temporal resolutions according=ig. 2 depicts the architecture for multipoint video
to their motion activities. The proposed DSWS scheme clasanscoding discussed in this paper. In this architecture,
sifies the sub-windows into active and inactive classes by céte input data for the video transcoder consist of multiple
culating the associated motion activities. The inactive sub-wiRk263 encoded video streams from the client terminals through
dows can then be dropped without transcoding so that the saedteterogeneous network environment. The video streams could
bits can be used to enhance the visual quality of the active ofes transmitted through PSTN, ISDN, or local area network
without introducing serious degradation on the inactive ongbAN) with various bandwidth requirements. For simplicity,
In addition to the performance gain on active sub-windows, thet without loss of generality, we assume each video stream is
DSWS scheme also presents two other advantages: achiewngoded in the Quarter Common Intermediate Format (QCIF;
computation reduction and avoiding the whole-frame skippin@76 x 144) format and each participant can see four partic-
On the other hand, the sub-window skipping will also causpants in a Common Intermediate Format (CIF; 35288)
some problems. The first problem is that dropping sub-wifirame in a continuous presence fashion. In our experiments,
dows will cause visual motion jerkiness to some degree, whigle assume the video transmission is over ISDN, as shown
depends on the number of consecutive sub-windows droppedhe scenario in Fig. 1. As shown in Fig. 2, the input video
and the associated motion activities. As will be shown later, thisreams are first buffered at the input to regulate the difference

[I. DSWS
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Fig. 3. Cascaded pixel domain transcoder architecture.

between the input data rate and the transcoding data rate foAs mentioned above, in a multipoint video conference, usu-
each video frame. Each video stream is decoded througtally only one or two persons are motion active at one time. The
variable length decoder (VLD) and then transcoded into lowactive conferees (e.g., the conferees who are speaking) are often
data rates. To meet various user bit-rate requirements, mtre center of focus. Therefore, allocating the active sub-win-
than one transcoder may be required for the same video stredows with relatively higher bit rates can provide a much better
to generate multiple video streams with different bit rates. Thesual experience to the viewers. The active conferees usually
transcoded bit streams are subsequently combined into Qi&ve larger motions than others, thus, they can be easily detected
frames through a number of multiplexers and video combinets using the incoming motion information.
The multiplexing unit for the video combiner is the group of In this paper, we observe that, in multipoint video confer-
blocks (GOBSs), as specified in the H.263 standard [2]. encing, the temporal resolutions of the low-active sub-windows
Fig. 3 shows the cascaded pixel-domain transcoder used rizaty be reduced without introducing significant visual degrada-
transcoding each sub-window in our method. This transcod@n from the human visual system (HVS) point of view. The
provides the flexibility that the decoder and encoder loopsain reason is that, since the motions presented by the inactive
can operate at different bit rates, frame rates, picture resofub-windows are relatively slow and the conferees usually con-
tions, coding modes, and even different standards, since tloeytrate their focuses on the active ones, the effect of the tem-
can be totally independent to each other, while this may nporal resolution reduction by skipping inactive sub-windows
be achievable in the simplified transcoder in [7] and the corsan often be masked by the high motions in the active sub-win-
pressed-domain transcoder in [8]. It can also be implementdows and, thus, is not sensitive to viewers’ perceptions. To make
to achieve a drift-free operation for conversing the bit rateest use of this property, we propose to drop motion inactive
and spatial/temporal resolution if the implementations of irsub-windows by using sub-window repetition to approximate
verse discrete cosine transform (IDCT) in the front encod#rose dropped sub-windows at the end decoder so that the saved
and the end decoder are known. In this case, the decoder lbitg can be used to enhance the quality of the remaining non-
and the encoder loop can be implemented to produce exackjpped active ones, which are usually the regions of interest. In
the same reconstructed pictures as those in the front encaaldition, if a sub-window is decided to be skipped, much com-
and end decoder, respectively. If the implementations of tpetation in transcoding this sub-window can be saved, thus, sig-
IDCTs are not known, as long as they satisfy the IDCT stanificant computation reduction can be achieved. Sub-window
dards specification [19] and the macroblocks are refreshestjpping can be implemented in the H.263 syntax by simply
as specified in the standards [1]-[5], the drift will not be aetting all the coded macroblock indication (COD) bits [2] of
major issue. Since some information (e.g., coding modes ah@ macroblocks belonging to the skipped sub-windows to “1”
motion vectors) extracted from the incoming video bit streato get rid of sending the associated DCT coefficients, motion
after the decoding can be reused at the encoding, the ovevelttor information, and MB overhead bits. Only 99 bits (for 99
complexity is not as high as the sum of a decoder and aracroblock COD bits, respectively) are required to represent a
encoder [18], [21]. skipped QCIF sub-window, thus, the overhead is relatively neg-



LIN et al: DYNAMIC REGION OF INTEREST TRANSCODING FOR MULTIPOINT VIDEO CONFERENCING 985

dominant blocks

(dropped)..,

(dropped) .,
MB;™ MB:™ MB;=2 M i MI?;’ i MB, L MB! MB;
ot i MB; NV = I\ 1 - N
MV‘”“ = W'-:,_— —l_: - /
MB; MBL {ipa—] - f .+ MB! MB!
s MB; ™~ MB;* ' MBy' | MBP ‘
. oV
Sub-window (n-3) Sub-window (n-2) Sub-window (n-1) Sub-window (n)
Tracing macroblocks in backward order
v |\ v v vy v;
v I\ v, I\ vy v;
Incoming motion vectors
Fig. 4. Motion vector composition with FDVS [18].
ligible. In our proposed DSWS scheme, the motion information TABLE |

is used to calculate the motion activity of each sub-window for™®

RFORMANCE COMPARISON OFDIFFERENT MOTION VECTOR ESTIMATION
AND COMPOSITION METHODS INCOMING BIT STREAMS OF 128 kb/s

DSWS control. The DSWS scheme is summarized as follows: AND 30 f/s WERE TRANSCODEDINTO 32 Kb/SAND 7.5 f/s
) y Test sequence MV composition method | Average PSNR (dB)
if ( SMV < THyy)&&(MAAD,, < THyaap) Full-scale ME 27.39
Interpolation 23.72
then ' Foreman FDVS 3551
Skip the transcoding of the mth sub- PA-FDVS 25.67 (+1.6; -0.6)
WindOW Full-scale ME 29.47
Carphone Interpolation 27.07
else P FDVS 28.16
/i PA-FDVS 28.27 (+2.9; -0.8)
Transcode the  mth sub-window Full-coale ME T
Football I“‘eFrpD"\lfS‘i"" gﬁgg
where the mean accumulated magnitude of motion vectors of PA-FDVS 3447 (+1.7,03)
the mth sub-window is defined as Full-scale ME 4295
Akiyo Interpolation 41.61
1 N FDVS 42.35
MV __ PA-FDVS 42.38 (+2.2; -2.1)
SV =3 (Ve + ML)
n=1
N is the number of MBs in a sub-windowd(V: MV perception is relatively insensitive to the little differences

™2 between the skipped sub-windows and their reconstructed ones

is the motion vector associated with théh MB of the mth

sub-window with respect to its corresponding previously e
coded sub-window (i.e£>"V(-)), and the mean of accumulate

absolute difference (MAAD) of the sub-window is

MAAD,,

rtlr_om sub-window repetition if the skipped sub-windows are
d’fnactive. The two threshold¥$H,;v and THyaap are used

or the classification; the larger the thresholds are set, the more
the sub-windows will be skipped and the more the saved bits
will be used in other sub-windows (but jerky motions will
become more serious). The MAAD value of each sub-window

defined as

N
= % Z Z | frn(z,y) = fOX¥ (@ + MV Ly is used to constrain the sub-window skipping. If the current

n=12,yEMB,, .

+MV7§47H)|.

The mean accumulated magnitude of motion
sub-window can be used as a good indication
activity. A sub-window is classified as active if

frame is inactive, but the MAAD is larger than a threshold, the
) proposed method enforces that the sub-window, which would
otherwise be skipped, be encoded. This measure can prevent
vectors oftlae error accumulation caused by slow, but steady motions by
of its motiarsing only the motion activity measure, as in [15]. Note, if
the sum igascaded discrete cosine transform (DCT)-domain transcoders

larger than a predetermined threshdl,;y, otherwise it [26] are adopted, the DCT-domain counterpart of (2) (e.g.,
is classified as inactive. An inactive sub-window will beaccumulated sum of absolute DCT coefficient differences) can

skipped if its associated MAAD value defined in

(2) is belovbe used instead. It should also be noted that since the incoming

a thresholdTHyaap- If @an inactive sub-window is skipped, sub-windows may be dropped in consecutive frames with the
the corresponding latest nonskipped sub-window is repeal@e8WS method, the incoming motion vectors may not be valid
to approximate the skipped sub-windows. Human visuaince they may point to the dropped sub-windows that do not
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Fig. 5. Performance comparison of the FDVS and PA-FDVS schemes for the “Foreman” sequence. Incoming bit streams of 128 kb/s and 30 f/s are transcoded
to the: (a) “Foreman” sequence, (b) “Carphone” sequence, (c) “Football” sequence, and (d) “Akiyo” sequence.

exist in the transcoded bit stream. To compose and trace the re- [ll. COMPOSING MOTION VECTORS IN THE SKIPPED

quired, but unavailable motion vectors along the consecutively SuB-WINDOWS

skipped sub-windows with respect to the corresponding latest

encoded sub-windows, the motion vector compositing schemeAfter performing DSWS, sub-windows may be dropped in

proposed in Section Il is used. consecutive frames. However, the motion vectors in the dropped
The proposed DSWS scheme presents several advantagel:-windows are usually unavailable in the incoming bit stream.

First, the quality of the active sub-windows can be effectivelyor example, in Fig. 4, a situation where one sub-window is

enhanced. The quality loss on the inactive sub-windows is retropped in two consecutive frames in transcoding is illustrated.

tively small and visually insensitive to the viewer’s perceptiorin this example, the equivalent outgoing motion vector of the

Second, skipping a sub-window implies saving much computalock MB} should beOV} = IV} + MV ! + MV} 2 in-

tion in transcoding that sub-window (in our simulation, abouttead of the incoming motion vectry . HoweverM V™" and

2/3 of the computation in transcoding that sub-window cadV;~? do not exist in the incoming bit stream sinkE3] and

be saved), thus achieving significant computation reductiodB; are not aligned with the block grid. Thus, the outgoing

Finally, by skipping the motion inactive sub-windows, manynotion vector needs to be either reestimated using motion esti-

whole-frame skippings due to insufficient bit allocation can beation schemes or composed using the incoming motion infor-

avoided so that the temporal resolution of the motion activeation of the macroblocks on the gird.

sub-windows can be kept as high as possible. Moreover, theMotion vector reestimation is undesirable due to inten-

proposed method can be combined with the dynamic bit-allsive computation. Instead, motion vector composing using

cation scheme presented in [10] and [16] to further improve ticoming motion information is a better approach [15],

visual quality with almost no extra complexity. [18]. Similar problem has also been discussed for video
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Fig. 6. Motion activity of each sub-window.

downscaling applications [19]-[21]. Composing the motioaxtra memory to store all the motion vectors of the dropped
vector MV"~* from the four neighboring motion vectorssub-windows in the backward interpolation process. To improve
{tve=k vk 1vi=* 1v;~*} is to find a mapping function the results, a forward dominant vector selection (FDVS) scheme
v = FAVELIve-t Vet vy, which can ap- Was proposed in [18] for composing the unavailable motion vec-
proximateM V™ ~* with good accuracy, such as an interpolatiofPrs in the dropped frames with good accuracy and low compu-
function as follows [15], [20], [21]: tation/memory cost. The FDVS method selects one dominant
motion vector that is carried by the neighboring block, which

i Vrk AL ACT. overlaps the target block the most, from the four neighboring

ek~ motion vectors as the motion vector of the target block, as illus-
MV == 3 i Ei
- 4 : () trated in Fig. 4.
2. AACT; The performance of the FDVS method can be further im-

=1

proved with a little extra computational complexity. If there is

whereA; andACT; represents the corresponding overlapping® Strongly dominant block that overlaps the reference block
area with and the activity of thih neighboring residual block, With a significantly large area (e.g., the overlapping areais larger
respectively. In (3), the residual block activitia€'T;'s can be than a predefined threshold, say, 80% of the block area), se-
computed in the pixel or DCT domains. Since the number #icting a weakly dominant vector that diverges largely from the
the DCT coefficients of a block is usually small, it would be&ther neighboring motion vectors may degrade the quality sig-
much more efficient to comput&CT; in the DCT domain. We nificantly since the motion vector chosen may be unreliable. To

propose to computaCT; as follows: solve this problem, we propose to remove the unreliable motion
vectors from the candidate list before selecting the dominant

ACT; = Z |Coef; | (4) motion vector if no strongly domingnt block is found. Furthe_r-
j¢DC more, in the dominant vector selection, the “largest overlapping

area” may not be the best criterion when the overlapping areas
whereCoef; ; is thejth nonzero DCT AC coefficient of thgh  of some of the other neighboring anchor blocks are similar. In
neighboring block, which is decoded and de-quantized from th@s case, we propose to select the neighboring block with the
incoming bit stream. largest overlapping energy/activity as the dominant MB and use
As explained in [18], however, the interpolation scheme makie activity measure as defined in (4).
not produce a good estimate of a motion vector due to the inter-The proposed pre-filtered activity-based forward dominant
polation of diverse motion flows. In addition, it requires muchrector selection (PA-FDVS) scheme is summarized as follows.
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Fig. 7. PSNR comparison of the proposed method and TMN8.

Step 1) For each block, calculate the largest overlapping 1V, is unreliable, remove it
area, and if the largest overlapping area is greater from the dominant vector candi-
than a predetermined threshold (e.g., 80% in our date list
simulation), then select the motion vector of the else
neighboring block with the largest overlapping IV, is reliable, keep it from
area as the dominant vector and process to the next the dominant vector candidate list

block, otherwise go to step 2).
Step 2) Perform the following motion vector pre-filtering Step 3) Calculate the area-activity produktsACT; for the

procedure: blocks with the motion vector in the dominant vector
candidate list, wherd; is the overlapping area with

Set the initial candidate list theith neighboring residual block aniCT; is the

as the four neighboring vectors activity measure, as defined in (4). Then select the

{IV1,1V4,1V3, 1V} motion vector of the neighboring block with the
Calculate the mean and the stan- largest area-activity product as the dominant vector.

dard deviation of the four neigh-

boring motion vectors as follows: IV. EXPERIMENTAL RESULTS

In our experiments, four 200-frame standard QCIF test se-

4
:1 4 guences “Foreman” and “Carphone,” “Football” and “Akiyo”
Ivmcan IVZ
4~ with a frame rate of 30 f/s are used to verify the performance
1 of the proposed PA-FDVS scheme. The performance com-
Vg = EZ (IV; — IVmean>2 pari;ons of the fuII—sea.r(_:h motion estimation mthod and the
4= motion-vector composition methods (interpolation, FDVS,

and PA-FDVS methods) using the four test sequences are
for i=1to 4 shown in Table | and Fig. 5. Table | shows the average peak
if  |TV; = WViean| > ksta - TVsta signal-to-noise ratio (PSNR) comparisons for the two test
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TABLE I
AVERAGE PSNR MPARISON OF THEPROPOSEDDSWS + TMNS8 AND
TMN8 TRANSCODING SCHEMES

. Average PSNR of all | Average PSNR of non-

Skipped frames (dB) skipped frames (dB)

frame No. "TMNg | DSWS+TMNS | TMNS | DSWS+TMNS
Sub-window 1 151 28.54 | 29.14 | +0.60 | 28.55 | 29.31 | +0.76
Sub- window 2 75 28.59 | 29.16 | +0.57 | 28.52 | 29.25 | +0.73
Sub- window 3 54 29.54 | 29.56 | +0.02 | 29.48 | 29.59 | +0.11
Sub- window 4 139 28.99 | 28.59 | -0.40 | 28.73 | 28.68 | -0.05
Average 104.75 | 28.91 | 29.11 | +0.20 | 28.82 | 29.21 | +0.39

sequences that were first encoded with 128 kb/s and 30 f/s /™
then transcoded with 56 kb/s and 7.5 f/s. The result in Table il
indicates that PA-FDVS performs better than FDVS and signif
icantly outperforms the interpolation scheme. The positive an
negative numbers on right-hand side of the average PSNR valle
of PA-FDVS in Table | indicate the maximal coding gain and
maximal degradation of PA-FDVS in comparison to FDVS. The
frame-by-frame PSNR comparison of the PA-FDVS and FDV¢
schemes with the same test condition used in Table | are sho
in Fig. 5. Although the average PSNR values of PA-FDVS an
FDVS in Table | are close, Fig. 5 suggests that the PA-FDV
scheme achieves significant PSNR improvement (up to 1.
2.9, 1.7, and 2.2 dB for the four sequences, respectively) ovi
the FDVS scheme on several frames with many diverse obje
motions. omn
To verify the effectiveness of the proposed DSWS schem¢
four 400-frame QCIF video sequences captured from |
four-point video conference with a frame rate of 15 f/s are=__ -}
used for experiments. We firstly encoded the four QCIF videgg/m *
sequences with 128 kb/s and 15 f/s using the pubic-domajms k-
H.263 TMNS software [22]. The four input bit streams arefi
then jointly transcoded into a single CIF video with an outpu
bit rate of 128 kb/s and an output frame rate of 15 f/s usin§ ,
the proposed DSWS scheme. Thus, the compression ratio (b)
performed by the transcoder is four in our experiments. Fig. 8. Maximal improvement on whole frame (at frame #269).
Fig. 6 depicts the motion activity of each sub-window. If@) Transcoding with TMN8 (29.25 dB). (b) Transcoding WilEWS +- TMN8
the simulated video conference session, most of the time, 0@3'95 dB).
one or two sub-windows are motion active. Fig. 7 compares the
frame-by-frame PSNR performance of the proposed and directd Table I, the proposed DSWS scheme achieves 0.2- and
transcoding schemes. In the direct transcoding scheme, the Big9-dB average PSNR improvements on the overall and
are distributed into MBs using the ITU-T TMNS8 rate controhonskipped sub-windows, respectively. Figs. 8 and 9 compare
scheme [17], while in our proposed method, the DSWS algtite subjective quality of the whole frame and sub-window with
rithm is first used to determine the sub-windows to skip, andaximal improvement using the proposed scheme. In Fig. 8,
the TMN8 scheme is then adopted for MB bit allocation in theignificant improvement on the visual quality of sub-window
nonskipped sub-windows. Note that each skipped sub-winddwupper left) and sub-window 2 (upper right), the most active
will only consumes 99 COD bits. The PSNR of a skippednes, can be observed while keeping comparable quality
sub-window is computed from the incoming QCIF sub-windown other sub-windows. The improvement is more obvious
image and the latest previously reconstructed nonskipped anehe face area of the maximally improved sub-window at
since the sub-window repetitions will occur for the skippettame 27. In sub-window 4, the average PSNR performance
sub-windows at the video decoders. The threshdldky is degraded by 0.4 dB because of many long intervals with
and THyaap are empirically set at 0.2 and 10, respectivelyelatively low motion activity. The degradation is caused by
Fig. 7 illustrates that the propos@SWS + TMN8 method the temporal resolution reduction by repeating the previously
achieves PSNR gain on the sub-windows with relatively higtecoded sub-window for the period of sub-window skipping;
activities, while the low-activity sub-windows are degradedhe temporal resolution reduction is visually insignificant since
Table Il shows the comparison of the average PSNR of #iie motions of these sub-windows are very small, as illustrated.
the sub-windows using the two methods. As shown in Fig.Rig. 10 compares the subjective quality of the maximally




990 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, VOL. 13, NO. 10, OCTOBER 2003

Fig. 9. Maximal improvement of sub-window 1 (at frame #27). (a) Incoming video. (b) Transcoding with TMN8 (29.45 dB). (c) Transcodibg With+
TMNS (31.90 dB).

Fig. 10. Maximal degradation of sub-window 4 (at frame #170). (a) Incoming video. (b) Transcoding with TMN8 (29.4 dB). (c) TranscodidgVwih-
TMNS (28.1 dB).

degraded sub-window. We can observe that, although withraour experiment, 418 out of 1600 sub-windows are skipped,
1.3-dB PSNR drop, the degradation still does not look seriodlus achieving about 17% computation reduction since the
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computation required for decoding a sub-window, skipping10]
decision and motion vector composing, is only about 1/3 of
the computation for transcoding a sub-window. The amounf;;
of computation reduction depends on the two threshold values
THyv and THyaap. The higher the threshold values, the [12]
lower the computation demand; however, the lower the video
quality. It is thus possible to achieve better tradeoffs betweer13]
computational cost and video quality by adjusting the threshold
values adaptively. [14]

V. CONCLUSIONS [15]

In this paper, we have proposed a DSWS scheme for
multipoint video conferencing. The proposed scheme cah®
enhance the visual quality of the active sub-windows by
saving bits from skipping the inactive ones without introducing[17]
significant quality degradation. We also presented an efficie
motion-vector composition scheme to compose and trace
the motion vectors in the skipped sub-windows. Note, thid19]
motion-vector composition method can also be used in othe[EO]
transcoding applications involving frame-rate reduction.

The proposed method is particularly useful in multipoint
video-conferencing applications since the focuses in such aﬁ?—l
plications are mainly on the active conferees. Simulation results
verify the effectiveness of the proposed method. In additiori22]
to the significant computation reduction due to sub-window
skipping, the proposed method can also achieve both objective
and subjective visual quality improvement. Furthermore, the
proposed algorithm is fully compatible with the H.263 standard?*!
and, thus, can be integrated into current commercial products.
The proposed method can also be further extended to enhanigél
the quality of specific regions/objects in region-/object-baseq%]
coding standards such as MPEG-4 [6].
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