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Abstract—in this paper, we propose a multilayered video coding A method to attain scalability is to split and distribute the
scheme based on motion estimation which enables a decoder toyideo information over a number ddiyers In layered coding
dynamically change its temporal and spatial resolution during - gcheme, the most fundamental information to reconstruct video

playback. In the proposed scheme, a new motion-prediction
structure with a temporal hierarchy of frames is adopted to afford frames constructs a layer referred tolmse layer The other

temporal resolution scalability and the wavelet decomposition with 1ayers, callecenhancement layerare for additive information

a new intra-update algorithm is used to offer spatial scalability. which, when combined with the base or lower enhancement
Experimental results show that the proposed scheme exhibits a |ayers, produce more refined information. The more layers the
higher compression ratio than conditional replenishment schemes decoder receives, the better quality it will achieve

because it further reduces the temporal redundancy using motion . . . . .
estimation. Also the proposed intra-update technique enables Motion es’Flmatlon (ME) and r_notmn _c_ompensatlon (MC)
adaptation to dynamic Change of Spatia| resolution with the SChemeS Wh|Ch haVe been effeCtlvely Ut|||Zed fOI’ COﬂVen“O”al
effective follow-up of prediction in the decoder while preventing video coding are known difficult to be incorporated in scalable
the large peaks in bit rate. Therefore, the proposed scheme is video coding techniques based on the layered representation
expected to be effectively used in heterogeneous enV|ronments[2]_[5] since the reference frame (decoded previous frame)
such as the Internet, ATM, and wireless networks where dynamic t th ,d d t be th that has b d for th
scalability and interoperability are required. a _e _eco €r may not be the one thal has been used for the
_ _ o prediction at the encoder when some enhancement layers
_ Index Terms—Adaptation, dispersive intra-subband update, gre gropped due to either network congestion or end-system
intra-update, layered video, motion estimation, scalability. AT - .
capacity limit. If the decoder uses a different prediction to the
one assumed by the encoder, a form of mismatch referred to as

|. INTRODUCTION drift may occur.

F UTURE digital video services demand interoperabili% Tg_rrlpor?lly SUbb%nS COd";% techniqlﬁs]_whicglare fzreg fron|1
among various applications. To fulfill different require rediction loop could be used to prevent this problem. 2-L scal-

ments by using one common bit stream in a wide range %P'e video coding techniques based on subband decomposition
video services in heterogeneous environments, video cod pe extended to 3'D. scalable F.Odmg [41-18] which not only
techniques are needed which can simultaneously suppor® vides spatial resolution scalability, but also affords temporal
variety of bit rates tailored to individual services. One approa alabilityin nature. For rate scalab |I!ty, Shapiro’s _embedded ze-
toward this purpose is to represent a video information in'gtree wavelet (EZW) [3] and many improved variants or alter-

scalable manner which enables a receiver to select a part ofrfl%ives such as set partitioning in hierarchical trees (SPIHT) [10]

generated bit stream and decode it with the given resources £a" be extended to three dimensional case [8], [11]. But tempo-

There are three major kinds of scalability in case of videé".’m{ §ut;band C?Id'rllg has al dtrawbgci[k that 'tht.)“;]r‘.c’ movmgdobb-
spatial resolution, temporal resolution, and data-rate (SNl%fs In temporally low resolution pictures, which IS caused by
e averaging effect of the low-pass filter performed in temporal

scalabilities [1]. Spatial resolution scalability is functionality td

decode images at different sizes, e.g., from size of thumbngﬁcomposition. Motion-compensated 3-D subband video coding

for fast browsing to that of HDTV. Temporal scalability meangec_hniques have been proposed to alleviate this problem and also

that the refresh rate of the frames can be adjusted and data- QEnP r?r\]/ etcompreﬁ,lon eftfjlglendcylgy Cfg cesr:.tlrla'l[)lng S|gnat\rl1en-
scalability implies that any target data rate can be achievepY ' th€ temporafiow subban [12],1 _]' i}, because these
from a single compressed bitstream according to the udg hniques operate on several consecutive frames, they require

requirements based on the available network bandwidth %atrge frtame rtm;em?try n temlleoraI s_ubband defr(])mposglon.fAs
system capability. e target number of temporal layers increases, the number of re-

quired frames is exponentially increasing and consequently an
unavoidable excessive coding/decoding delay is introduced. A
promising approach is, therefore, to extend the classical hybrid
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for video streaming service both in unicast and multicast envLayer No.
ronments. 4 |
A sophisticated technique which provides temporal and sp. /‘| I
tial scalabilities as well as SNR scalability based on condition: 3 |
. }on cond ]
replenishment (CR) was proposed for layered video coding ar , | I :
transmission over best-effort networks [18]. In CR approache |/| :

only those blocks of a picture that have changed significantly be 1| 7] ; [ +
tween frames beyond a certain threshold are selected, coded, . 0 1 2 3 4'5 6 7 8 9 10111213 14 15 16
transmitted [19]. This scheme, however, cannot achieve suct Frame No.

high compression performance as motion compensated predic-

tion can. Fig. 1. Motion estimation over temporal layering.

Inthis paper, we propose alayered video coding scheme which
affords temporal and spatial resolution scalabilities. A new mgpaced evenly over time [18]. If the total number of temporal
tion-prediction structure with a temporal hierarchy of framegyers is equal taVy = A + 1 and we letLy;(n) denote

is adopted to afford temporal resolution scalability. It can hayge temporal layer number where the frame number 0 is
a higher compression ratio than replenishment schemes sigggvered, then

motion estimation further reduces the temporal redundancy.

For spatial scalability, the proposed scheme uses wavelet de- _ . M | oM

compF())sition with mu)lltiresolztiopn motion estimation (MRME), Lar(n) =M =r(nmod 27 +27) + 1 @

where motion vectors of a spatial layer are refined based o}

those of lower layers [20]. Since only small differential motion

vectors in each pyramid level are stored or transmitted with

prediction error information separately for the corresponding

layer, we can achieve a layer-wise prediction. The prediction i i . ,

er)r/or signal is encoded byythe SPII—F:T algorithm thi)ch is afjherer(m) is the bit position (numbered from 0) of the right-

embedded coding technigue to enable precise target rate confP§iSt Nonzero bit in the binary representatiorvaf Temporal

In addition, a new effective intra update scheme which we wiftyering with four layers/ = 3) is illustrated in Fig. 1.

refer to aglispersive intra-subband upda®ISU) is proposed N this temporal layering scheme, however, motion vectors

to admit dynamic change of spatial resolution at a decoder af@f1not be estimated directly from the previous frame as in

also to enable recovery from errors. The proposed video Codﬂg\ventl(_)nal predictive 009"”9 techniques pecause_t_he previous

algorithm provides a multilayered bitstream for heterogeneoljéMe might be on any higher layer that is not utilized by a

environments and the spatial resolution and frame rate canq¢0der- Therefore, we propose a new prediction method over

independently adjusted according to various user requiremeni8iS temporal layering. As the reference frame for the frame
This paper is organized as follows. In Section II, we propodk W€ Select the closest one in time among frames on layer

a novel multilayer video coding technique to provide temporélM (n) or on the lower layers as dEp'(_:ted_ in Fig. 1. That's, the

and spatial scalabilities. Section Il describes the intra upddfderence frame number for the frames given by

method DISU, which is an efficient resynchronization method

to recover from reference mismatches in encoders and decoders. Ry(n) =n — gM—w(n) 3

Experimental results are given and discussed in Section IV. Fi-

nally, Section V summarizes our work and concludes the papehere

m

r(m) =min{k > 0: LQ’“

J2k7$m}—1 @)

1. M OTION-COMPENSATEDLAYERED VIDEO CODING w(n) = min{k > 0:n mod 2V ~* = 0}. 4)

performing motion estimation and compensation across dif-

MPEG-1 and H.261 currently used in wide areas do not provi ent layers, as shown in Fig. 1, different temporal resolution

layered rep_r(_esentatlons. Although MPE_G-Z_and H'263 do_su&aa—n be simultaneously achieved without affecting the perfor-
port scalability and layered representation in their extensio ance no matter how many layers a decoder exploits
they are not able to produce an arbitrary number of layers [2 ‘Distribution of frames over the multiple layers in temporal hi-

For example, th.e. MPEG-2 scheme may allow only tW.O d'screé?archy leads to storage of multiple references. At the firie

levels of scalability for each scalable scheme. Even in the C3S€ 1 for example, we can see that two frames should be stored

of combir_1ing different scalability tools into a_hybrid codingarS ref,erenceS' fra}ne 4 for prediction of frames 5 and 6, and

sc_heme,_lts syntax supports only up to thre_e d|ﬁere_nt Iayers.fr me O for prediction of frame 8. The required number of frame

this section, e propose a multilayered V|d_eo coding meth emories in the buffer for motion estimation[ig\/ + 1)/2]

based on motion estimation and compensation. where[- | denotes rounding off to the nearest integer. Note that,

because prediction from the reference frame may result in a

large motion due to the varying temporal interval between the
To provide temporal scalability, the subsampled frames caredicted frame and its reference, the search range should be

be arranged so that any set of cumulative layers produces frara@gisted proportionally to the interval.

Unfortunately, international video coding standards such gg
T

A. Motion Estimation over Temporal Layering
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Layer Lower Subband Higher Subband
Number
initial
1 - 3 e : position
. <.
2 —-— \ 2 :- - v\— b}
18 '/Sm ? d
3 -l — initial MV
— refined MV

— differential MV
\\\ ~ \\\\\ |1 search area
4 -] \\\ = = Fig. 4. Multiresolution motion estimation. Only two associated subbands are
= S = \ shown.
.

since they actually characterize the same motion structure at
different scales and different frequency ranges. Therefore, the
proposed coding algorithm incorporates MRME where motion
vectors for higher spatial resolutions are refined using the
epifg‘ri:ﬁo“ motion information obtained at lower resolutions, as illustrated
in Fig. 4 [20]. The search range in the higher subband can be
kept small because the motion vectors found in the lower sub-
band give good initial positions where the search process can
start. The MRME scheme is expected to reduce the searching
time significantly and to provide a smooth motion vector field.
+ Motion-compensated error frames are quantized and may be
further compressed exploiting an entropy coder. In our work,
4|MRMC I“I Buffer SPIHT is incorporated since it is superior in performance to
E _ other still image compression techniques [17], [22]. Also,
MRME | motion L L
vectors thanks to the embedded characteristic of SPIHT, it is easy to
(a) control the overall rate of the generated bitstream. If we assume
prediction : , that the_ target datg rate B and the bits required to encode
errors | _,_ — ZL tgﬁt the. mo_t|on vector fields for a frame have .data rAtgy < R
which is known to the encoder, the precise target rate can be
achieved by encoding each prediction error image at the rate
T DIy R — Ryy.
:control | Existing multiresolution video coding techniques with
MRMC MRME assume that the spatial resolution is first determined
at the decoder and fixed throughout the video playback. Con-
(b) sequently, it is impossible to keep track of the right reference
during video playback with dynamic change of the spatial
Fig. 3. Proposed layered video coder: (a) encoder and (b) decoder. resolution. However, as interactivity comes up as an important
functionality of future video services, dynamic change of

B. Spatial Layering with Wavelet Decomposition spatial size of video playback may be requested by users. For

- . . - . that purpose, switches are inserted in our encoder and decoder
By combining the image pyramid decomposition technique " ! : . L
: . L . architectures (see Fig. 3) for bypassing the prediction loop and
which can generate multiresolution images with the afore-

. . ) . %enerating intra-coded signal. By periodically switching to this
mentioned encoding scheme, spatial scalability also can : g : . .
intra mode with an appropriate interval, both recovery from

provided. Multiple spatial layers generated from a onr":lmlcg;jrrors and tracking of correct prediction state can be achieved.

structure characterize the S|gnal in different Sp‘f"?'a' resolutlor.]_she details of this intra-update algorithm will be described in
In this paper, the wavelet image decomposition scheme s

adopted, but other decomposition techniques can be eaéi? next section.
employed in a similar way. Fig. 2 illustrates a four-level wavelet
pyramid. Each level of the image pyramid corresponds to a
spatial layer with different resolutions. In order to perform dynamic adaptation in decoding ac-
The proposed encoder and decoder employing MRME aserding to available resources, such as available network
depicted in Fig. 3. A video frame is first decomposed into bandwidth and end-system capacity, a decoder may add or
wavelet pyramid, and motion estimation and compensationdsop spatial layers. When spatial enhancement layers are ap-
performed in wavelet domain. Motion activities at differenpended to increase the quality of video playback, no reference

levels of the wavelet pyramid are different but highly correlateédformation is available on the appended layer, and the video

video \:6
~(D—

' DISU &
i control |

motion
vectors

I1l. DISPERSIVEINTRA-SUBBAND UPDATE
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Fig. 5. One cycle of dispersive intra-subband update with 3-level wavel
decomposition (only the base temporal layer is shown).
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quality cannot increase as high as expected. Moreover, wiémn 6. Implemented video sequence playeplayen.

a decoder receives information corrupted by channel error, a

general predictive coding algorithm may suffer from 10Ss prog he expected level. The time demanded for this follow-up is
agation. In the proposed temporal layering scheme with motigRera|ly not so long and can be tolerable in real video commu-
compensation, however, the loss propagation is confined Wit ation_ The quantitative investigation will follow.

a prgd?ction_ hierarchy which is rooted on the base layer. Athere are two possible methods of DISU, depending on the
prediction hierarchy is composed 2%’ frames and the effects frequency of update on each spatial layer, as follows.

of all possible losses are propagated only within this hierarchy
and never affect the following new prediction hierarchy. In
Fig. 1, for example, an error which occurs at frame 6 on the
third temporal layer can affect only the next frame, frame 7,
on the fourth temporal layer without degrading the other
subsequent frames. This temporal layering should be used in
conjunction with a priority-drop policy so that all unavoidable
loss in congestion may occur only on the highest temporal layer
that a decoder receives and thus the error propagation can be
managed within as small duration as possible.

To further reduce this effect on the base temporal layer, as
well as to catch up with the potentially best quality under given
circumstances, intraframes like I-frames of the MPEG scheme
may be inserted periodically. The drawback in this case, how-
ever, is that the intraframes may cause very large peaks in bit,
rate. In transmission, these peaks may lead to congestion in net-
work and cause oscillations in the level of layers the decoder
receives. To solve this problem, the DISU scheme is proposed,
in which only one level of subbands in the wavelet pyramid in-
stead of a whole frame is intra-coded on the base temporal layer
at a time and then the other levels in turn as illustrated in Fig. 5.
The horizontal arrows in Fig. 5 represent motion compensa-
tion. Since motion estimation is not performed in the intra-coded
subbands, the refinement information of motion vectors for the
higher spatial layer in MRME cannot be generated in these sub-
bands. The refinement of motion vectors on the higher spatial
layer is therefore achieved by utilizing the estimated motion
vectors on the next lower spatial layer as the bold vertical arrows
imply in Fig. 5. When a decoder newly adds a spatial-enhance-
ment layer, the quality of double-sized video is somewhat lower
than the expected level for the first some frames since only the
differential information without the initial reference is available
on the new spatial layer. As it is intra-updated and the refer-
ence information finally becomes complete, the quality reaches

1) Simple UpdateEach spatial layer is intra-updated se-

quentially on the base temporal layer as shown in Fig. 5.
After all the spatial layers are updated, a new cycle of
intra-update is repeated. When the number of temporal
layers and spatial layers aiér and Ng respectively, the
update period on all spatial layers is given by
P =2""1 x Ng. (5)
In case of four temporal layer&vr = 4) and four spatial
layers (Vs = 4), for example, the intra-update period
becomeg? x 4 = 32 frames. This implies that the full
recovery of video quality takes about one second in the
worst case.
Hierarchical Updatein general, higher spatial layers tend
to be dropped more frequently than lower ones. Hence, we
can consider a method to perform more frequent intra-
update on the higher spatial layers than lower layers. If
we apply the similar hierarchy of temporal layering in
(1) to spatial layers on the base temporal layer, the update
period of thei-th spatial layer is given by

P {2]\%—1 X 2]\"5—1’
v Nr-—1 Ng—i+1
aNT x 2Ns =1+ ,

fori =1
fori > 2. (©)
When Nt = 4 and Ng = 4, the update periods of the
spatial layers aré’, = P, = 64, P; = 32, andP, = 16.

Even though the average time elapsed until degradation of
visual quality disappears after an error occurs is same as
in the simple update method, the actual elapsed time for
the update varies according to the given circumstances be-
cause the probability of utilization of each spatial layer is
not identical (the probability decreases as the number of
layer increases). For example, in the case of utilizing all of



LEE et al. MOTION-COMPENSATED LAYERED VIDEO CODING FOR PLAYBACK SCALABILITY 623

Fig. 9. Flower Garden sequence: (a) 1st; (b) 30; and (c) 70th frame.

the four spatial layers while one or two of those layers are TABLE |
added/dropped the hierarchical update W||| Work betteﬁVERAGE NUMBER OF BYTES ASSIGNED TOMOTION VECTORS(FOOTBALL)

than the simple 'update. Meanwhllg, when iny a small Temporal Spatial Tayer Total
set of lower spatial layers are used in decoding, the hier- Layer | First | Second | Third | Fourth | Bytes
archical update is not expected to perform well since the First | 4252 | 1380.1 1 13905 | 1397.6 | 4595 .4
period of intra update becomes too long. Second | 349.3 | 1177.2 | 1188.1 | 1180.9 | 3897.5
Third | 254.7 | 949.3 | 969.4 | 972.4 | 3148.2

IV. EXPERIMENTAL RESULTS AND DISCUSSION Fourth | 160.2 | 711.5 | 753.3 | 763.2 | 2390.3

A. Implementations

For the experiment, we implemented the encoder ahdute force full-search method using mean absolute difference
decoder depicted in Fig. 3. Decomposition was conducté®dlAD) criteria.
three times using discrete wavelet transform (DWT) with The motion vectors attained from the subbands were differ-
the Daubechies 4-tap FIR filter bank [23], and hence foentially coded, and then the QM coder which is an adaptive
spatial layers were generated. After the decomposition, edsihary arithmetic coder utilized in JBIG standard was applied
subband was divided into blocks and MRME was carried out these codes for entropy coding [25]. The residual errors
We employed the block-matching algorithm for simplicitypf wavelet coefficients after motion compensation were then
although it does not necessarily result in the best rate-distortignantized and compressed using SPIHT. Because SPIHT
tradeoffs [24]. The block size for motion estimation2is<c 2  exploits cross-band correlation in the wavelet domain, it is not
in the LL band which corresponds to the first spatial layeeasy to separate the generated bitstream into spatial layers. For
Motion vectors estimated in the LL subband are refined in tloar experiment, SPIHT was specially implemented by rear-
higher subbands. The search range-8f both in the horizontal ranging generated bits into different layers which correspond
and vertical directions at all subbands, was utilized for the different resolutions (for details, see Appendix).
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Fig. 10. Bit rate of each spatial layer: (a) Table Tennis; (b) Football; and (c) Flower Garden.

A video sequence playérplayer, running on Windows with TABLE I

an user-friendly interface, was implemented for the observation ~ AVERAGE PSNROF VIDEO RECONSTRUCTED WITH APART OF
L. . L . . . SPATIAL LAYERS (IN DECIBELS)

of subjective visual quality in real video playout, especially with
layer dropping. Thévplayeris shown in Fig. 6. One can select Test Number of Used Spatial Layers
the number of temporal and spatial layers involved in decoding Sequence one | two | three [ four (all)
with this software. The refresh rate of video frames can also be Table Tennis | 21.73 | 23.06 | 25.73 | 33.61
controlled by adjusting the frame gap so that each frame can be Football 19.75 | 21.70 | 24.94 | 30.72
carefully examined in playout. Flower Garden | 16.43 | 17.54 | 19.89 | 25.87
B. Test Sequences TABLE Il

The proposed Coding scheme was app||e35mx 240 (S”:) AVERAGE PERCENTAGE OFBITRATE ASSIGNED TOEACH SPATIAL LAYER
grayscale version of three test sequences with 30 frames/: Tost Assigned Rate to Each Spatial Layer (%)
Table Tennis, Football, and Flower Gard,ewhlch are com- Sequence First | Second | Third | Fourth
posed of 85, 125, and 115 frames, r_espe(_:tlve_ly. Some selec_te Table Tennis | 1541 | 1618 | 3623 39,18
frames from these sequences are given in Figs. 7-9. The firs Fogiball 1418 | 17.91 | 3831 29.60
part of the Table Tennis test sequence shows only one han Fiower Garden | 10.73 | 15.45 | 38.88 34.94

holding a racket and bouncing a ball with slight motion as
shown in Fig. 7(a), but the camera starts to zoom out around

frame number 25 until a scene with a player and a part whole range of display as shown in Fig. 8. The Flower Garden
the table appears. On the other hand, the Football sequesegquence shown in Fig. 9 is a slow “drive-by” of a house and
involves many football players with a lot of motion in thegarden generated by camera panning.
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Fig. 11. ME versus MRME: (a) Table Tennis; (b) Football; and (c) Flower garden.

C. Performance Evaluation As a decoder appends one more spatial layer, the spatial res-
. ) . olution doubles. Even if the decoder utilizes only a subset of
_ First, the effects of the proposed temporal layering with M@+ ayers, it may reconstruct a video in full resolution by
tion compensation were investigated. Table | shows the averag@siituting 0's for wavelet coefficients in the other subbands.
rate required to encode motion vector fields for the Football sg; this manner, we can attain the SNR scalability effect. When
quence on each spatial and temporal layer. As the distance B8z frames are decoded in full resoluti®? x 240), the av-
tween the current frame and the reference frame bepomes Iar_g%(ge reconstructed visual quality in respect of PSNR is shown
i.e., the temporal layer number decreases (see Fig. 1), motigfraple I1. Table |1l shows the average percentage of the bit rate
vector values increase and consequently require more bitsgggach spatial layer.
shownin Table I. Accordingly, the bit budget for prediction error | conventional ME methods, the motion-compensated error
decreases when the total bit rate is maintained constant andimgge is converted into its DCT or other transformed version.
decoded image quality becomes worse than in the case wita the other hand, motion is estimated in wavelet transformed
single temporal layer. This quality degradation is significant ilomain in MRME. One question arises if zerotree coding such
those regions that call for a lot of bit budget, for example, dug SPIHT is well combined with the MRME scheme, since
to a rough texture. This can be clearly seen from the big perfeleparate motion estimation performed on each subband might
mance difference at the first part of the Table Tennis sequengfeect the cross-band correlation of the prediction error image
[see Fig. 10(a)], which involves a static rough background ovand degrade the coding efficiency of zero-tree coding. To see
a wide range. Fig. 10 shows the results associated with the pitee effects of MRME on SPIHT coding efficiency, we fixed the
posed video coder with a single temporal layer and also wilthit rate of prediction-error frames independent of the number
four layers. The total bit rate was targeted at 3.0 Mbits/s for thi§ bits assigned for motion vectors. Fig. 11 shows PSNR
experiment. The PSNR plots for the four-layer case exhibits pgersus frame number when each prediction error frame is
riodically spiky behavior due to the periodic variations of thencoded at 1.0 bpp. Itis seen in Fig. 11(a) and (b) that MRME
intervals between the predicted frames and their references.even performs better than ordinary ME with SPIHT. This
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Fig. 12. Comparison of compression efficiency of a CR scheme and the o8
proposed technique (Football).

No update —

indicates that the cross-band correlation of the residual imag:
is maintained after MRME since motion activities at different
subbands actually characterize the same motion structureE 26
Also, due to the smoother hierarchical motion vector fields ats.
different frequency ranges, more uniform and superior visualz
guality can be achieved, as seen in Fig. 11. £ 25
A video coder using the block-based CR technique was im-
plemented using SPIHT and its compression performance wa
compared to that of the proposed coding scheme. The bit rat
was again fixed at 3.0 Mbits/s for both of the schemes. For the
CR scheme, the mean squared difference between the referen 03 , , , , ,
block and the current block is computed and compared with ar 0 20 40 60 80 100
empirical threshold value to decide whether or not to encode tht Frame Number
currentl6 x 16 block of a video frame. Fig. 12 gives the com- (b)
parison of the CR coding and the proposed MC-based codingfitt. 13.  Comparison of intra-update schemes. (a) Football. (b) Flower Garden.
is seen that the MC-based coding technique outperforms the CR
technique by 0.29-3.42 dB for the Football sequence. All the% . . . "
experimental results indicate that the proposed MC-based vid £ basic cgncept O.f sp_atlal layering is to partmon and reorga-
coding scheme can produce a multilayer bitstream with muBIe all the information in the generated bit stream, which in-

higher compression ratio than the CR scheme while maintainiflyd€s sorting bits as well as sign bits and refinement bits. This
a comparable performance with the conventional motion-esff-done by sending out the generated bits at the boxed places in
mation technique. Fig. 14 into different spatial layers each of which corresponds

Finally, the proposed DISU scheme was evaluated. As can'ge different _resolution._ As_a result, th(_a bitstream becomes_, re-
observed in Fig. 13, periodic I-frame insertion for resynchr@fanged as illustrated in Fig. 15. In this manner, we can yield
nization of the decoder yields deep notches in visual quali@/@yered representation of an image while not breaking the de-
when encoded in constant bit rate, i.e., the same number of 5@sling order. In decoding, the list of insignificant sets (LIS), the
are assigned to each frame. Conversely, it would produce laf§éof insignificant pixels (LIP), and the list of significant pixels
peaks in bit rate if a constant visual quality were to be maiflSP) are maintained only with the bits corresponding to target
tained. Note that the proposed DISU algorithm effectively mogpatial resolution.
erates the burstiness in decoded video quality (or bit rate). Al-
though the average time for resynchronization increases in this V. CONCLUSION
case, it can be managed to be within a duration short enough t
not much affect the perceived quality in motion pictures.

T this paper, we proposed a new multilayered video coding
technique to provide temporal and spatial scalabilities with an
arbitrary number of layers. This scheme incorporates multires-
olution motion compensation into temporal layering. A video
frame is represented in a pyramid structure using wavelet de-
composition, and MRME is performed in the wavelet domain
The entire SPIHT encoding algorithm is given in Fig. 14. Thever a temporal hierarchy of frames. The prediction error is en-
reader is referred to [10] for definition of the notations used hereoded by the SPIHT coder to achieve a precise target bit rate

APPENDIX
SPATIAL LAYERING WITH SPIHT
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Algorithm:

1) Initialization: output n = |loga(maz(; j{lei 513)] ; set the LSP as an empty list, and add the coordinates
(i,7) € H to the LIP, and only those with descendants also to the LIS, as type A entries.

2) Sorting pass:
2.1) for each entry (7,7) in the LIP do:

2.1.1) |output Sn(%,7)}

2.1.2) if S,(7,7) = 1 then move (7,7) to the LSP and |output the sign of ¢, ; |

2.2) for each entry (7, 7) in the LIS do:
2.2.1) if the entry is of type A then
- ‘output Sn(D(i,jm;
— if Sp(D(7,7)) =1 then
* for each (k,1) € O(4,7) do:
output S,(k,1)|;

- if Sp(k,1) =1 then add (k,!) to the LSP and ‘output the sign of cx; ‘;
- if §p(k,1) = 0 then add (k,!) to the end of the LIP;
x if L(i,7) # ¢ then move (4, 7) to the end of the LIS, as an entry of type B, , and go

to Step 2.2.2; otherwise, remove entry (%, 7) from the LIS and ;

2.2.2) if the entry is of type B then
~ [output Sp(£(:,5))}
— if Sp(L(2,7)) =1 then

x add each (k,!) € O(%,7) to the end of the LIS as an entry of type 4;

* remove (4,7) from the LIS.

3) Refinement Pass: for each entry (7,7) in the LSP, except those included in the last sorting pass (i.e.,

with same n), ‘output n-th most significant bit of |¢; 4| ‘;

4) Quantization-Step Update: decrement n by 1 and go to Step 2

Fic. 14. SPIHT algorithm marked for spatial layering.

Normal 4 A H
Bitstream - ;
(1
J \\ 2
Layered SRR S
Layer: Ist 2nd 3rd 4th
. . . . [8]
Fig. 15. Spatial layering by rearrangement of the bits generated by SPIHT.
[6]

from each frame and high compression. We also proposed the
DISU scheme to admit dynamic change of spatial resolution atm
a decoder, and also to enable recovery from errors. 8]

Experimental results showed that the proposed video coding
scheme provides scalability in temporal and spatial resolutiong)
and outperforms the CR techniques, both in reconstruction
quality and compression efficiency, while maintaining the[m]
overall quality comparable to a conventional single-layer
motion predictive coding. Also, it was shown that the spatial

. . . [11]

resolution can be dynamically changed during playback by
using the DISU scheme, which enables an effective follow-up
of prediction in the decoder. Dynamic change and adaptation Qiz]
processing load during playback are crucial features required
today in many applications, e.g., streaming video on thé!Sl
Internet. Thus, the proposed scheme is expected to be succegs;
fully used for various multimedia applications in heterogeneous
environments such as the Internet, ATM, and wireless networkd®!
where interoperability and scalability are needed.
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