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~ Abstract— This paper proposes a highly flexible stream-  diction systems when addressing heterogeneous clients
ing video server that is particularly well suited for video-  dealing with different prediction references. Hence, this
surveillance content. To achieve the required flexibility, JPEG 2000 replenishment enables the adaptation of

the sequences are encoded with the JPEG 2000 coding inal d . f th tent to client
scheme. To preserve compression efficiency, the temporal a single compressed version or the content 1o clients

redundancy is exploited by a conditional replenishment With different resources, answering the heterogeneity
technique. The main novelty of this paper consists in a constraint. Finally, to serve a large number of users
post-compression rate allocation, which enables the server while keeping a low computational complexity, the

to adapt in real-time the content forwarded to hetero- server uses a pre-calculated index that guides him in

geneous clients using a single pre-compressed version of - . ..
the sequence. An index is pre-calculated offline to reduce adapting the JPEG 2000 packet scheduling decisions as

the computational load at the server while scheduling the @ function of the client needs and resources.
packets in real-time, according to the needs and resources ~ The goal of our work is not to compete with other

of the clients. . 3 existing video coding systems like AVC in terms of
I ndex Terms—JPEG 2000, Rate Allocation, Conditional -, yression efficiency. Instead, we aim at providing a
Replenishment, Adaptive Delivery, Semantic Based Cod- . - . .
ing solution for applications that require a flexible access
to the content, meaning random access to an individual
. INTRODUCTION frame or interactive navigation through the video. Our
. : . . . system is thus particularly well adapted to a video
An increasing number of video surveillance applica- . ;
surveillance environment. We extend the framework

tions integrate digital video streaming over IP networks'developed in [2] to serve multiple heterogeneous clients

Data acquired from cameras have to be transmitted t . : . . .
. . . . : ased on rate-distortion optimal scheduling of a single
a large variety of clients in terms of display resolutions .
re-computed bitstream.

and network resources. Moreover, these users also diff(,pr . . . . .
The outline of this paper is the following. Section I

in their interest for the content, and require a flexible . .
access to the data in several ways: they wish to be abfa/esents an overview of the streaming system and Sec-
tion Il details the replenishment technique. Section IV

to obtain a higher quality for a given region of interest, ; ;
zoom on this zone and have a fast and precise tempor esents how this system can serve multiple heteroge-
neous clients. Results are presented in Section V and

access to the sequence. th : luded in Section VI
To address this issue, we propose a highly flexible € paper is concluded in section V.

video server able to stream content to a large number
of users with heterogeneous needs and resources. First,
to answer the flexibility constraint, our server stores the 114 proposed system is depicted in Figure 1. The

video sequences in the JPEG 2000 format [1], an imaggeryer adapts in real-time the content to each user by
coding standard that offers a high flexibility in terms of using information on the sequence generated prior to
spatial, resolution and quality access to the compresseg, < hission.

data. Secondly, in order to increase the transmission ef- Conditional replenishmenenables the system to

ficiency of these intra coded sequences, a conditional rf€aach a high transmission efficiency. In this tech-

plenishment scheme is used, which transmits prioritarilyn.que the video server schedules for each client the

the most beneficial parts of the JPEG 2000 data base EG 2000 packets that contribute the most efficiently

?hn a raf;_mst?monl optlkr]nal sttrattlagy. In dth_e tme_arf1 UMe45 the quality of the sequence rendering. The other
he condttional repienishment only sends intra in Orma’packets are not transmitted and are approximated at
tion, circumventing the drawbacks of closed-loop pre-

the client side using two references: the previously
Francois-Olivier Devaux and Christophe De Vleeschouwez a dECOde'd Image and an estimation of the background
funded by the Belgian NSF. of the image.

Il. SYSTEM OVERVIEW



SERVER CLIENTS | quality layers,Q,. The targeted rate-distortion trade-

i L offs during the truncation are the same for all the code-
i blocks. Consequently, for any quality layer indéx
Sequence i N . the contributions provided by layer®; through Q,
L2 i K ' constitute a rate-distortion optimal representation ef th
E Packet entire image. It thus provides distortion scalability a th
: eelieduling image level. Resolution scalability and spatial random
JPEG2000 |, —/F access to the image result from the fact that each code-
EgmE i block is associated to a specific subband and to a limited
; spatial region.
Offline ! Real-time
processing ! processing Although they are coded independently, code-blocks

are not identified explicitly within a JPEG 2000 code-

. . . . stream. Instead, the code-blocks associated to a given
Fig. 1. System Overview. Using a pre-calculated index, #wes . . . h
selects the optimal packets to transmit to each client, basetiar reso!utlon are grouped intprecincts b?-sed on their
individual needs and resources. Three types of clientsllastrated: ~ spatial location [1], [6]. Hence, a precinct corresponds
a PDA client with a low resolution and low bandwidth, a laptient - 15 the parts of the JPEG 2000 codestream that are
with a high bandwidth and a client focusing on two regionsntéiiest g . . . .
for which he is expecting a high quality. specific to a given resolution and spatial location. As

a consequence of the quality layering defined above, a
precinct can also be viewed as a hierarchypatkets
During the streaming session, the server requires twgach packet collecting the parts of the codestream that
types of data: the JPEG 2000 content to transmit and gorrespond to a given quality among all code-blocks
pre-calculated index. This index is used by the servefmatching the precinct resolution and position. Hence,
to schedule the packets to transmit, based on each useackets are the basic access unit in the JPEG 2000
requirements and resources. It is processed once whé&gdestream.
the server acquires the sequence and lists the distortion
gain offered by the different replenishment solutions. B. Replenishment and Packet scheduling
The flexibility of JPEG 2000 is exploited by offering .
a real-time spatial, in terms of resolution and localiza- W& Now explore how the optimal JPEG 2000 replen-
tion, and qualitative adaptation. Temporal granularity'ShMent decisions are taken. N
is provided by the fact that JPEG 2000 is an intra The conditional replenishment framework originally

video coding scheme, enabling an simple access to eadftroduced in [7] and exploited more recently in mul-
independent frame. ticast transmissions [8] has been adapted here to the

wavelet domain. In this framework, the server only
1. JPEG 2000 ©NDITIONAL REPLENISHMENT transmits the JPEG 2000 packets that correspond to
changing regions. The other regions, which are not

the JPEG 2000 standard. Then, we explain how condi[efreShed' are approximated at the client side by the

tional replenishment supports efficient video streaming{:OSt efficient of the two available references: the previ-
based on JPEG 2000 usly reconstructed frame, and a reference background

that is pre-computed at the server and is based on
A. JPEG 2000 structure Gaussian mixtures estimations as presented in [9], and

transmitted at regular time intervals to the client. In

The JPEG 2000 standard describes images in terms ¢ie simulations of Section V, a high quality version

their discrete wavelet coefficients. The subbands issue@ossless compression) of the reference background has
from the wavelet transform are partitioned intode- been transmitted once evesysecond.
blocksthat are coded independently [3] [4]. Each code- We consider the transmission of framhy&nowing the
block is coded into an embedded bitstream, i.e. intaeplenishment decisions taken for the previous frames.
a stream that provides a representation that is (closéVe denoted"?(i) to be the distortion measured when
to-)optimal in the rate-distortion sense when truncatecapproximating the*" precinct of framet, based on the
to any desired length. To achieve rate-distortion (RD) first layers of the corresponding precinct in frafne-
optimal scalability at the image level, the embeddedk). By extension, the replenishment of precinetith ¢
bitstream of each code-block is partitioned into a selayers results in a distortiot?(i). Besides, we denote
quence of increments based on a set of truncatin®y b.(7) the distortion obtained when approximating the
points that correspond to the various rate-distortioni’” precinct of framet based on the latest update of the
trade-offs [5]. Incremental contributions from the setbackground. When the latest replenishment of precinct
of image code-blocks are then collected into so-called occurredk frames earlier tham, the distortion using

The section is organized as follows. First, we review



the best reference for this precinct is not#d’ (i) =  the approximation errors. To do so, we consider se-
min]di (i), by(i)]. mantically weighted versions of the distortiomé(i) =
In addition to the distortion information, we are also w(i) * d(7), wherew(i) is the semantical weight asso-
interested in the size in bytes of thefirst JPEG 2000 ciated to the precinct.
packets of precinct of framet, notedsf (i), for each The transmission of the packets in decreasing order
q€ Q. of semantical gain per unit of cost is RD optimal as
Figure 2 gives a RD representation of these postong as the only packets that correspond to the convex-
sible conditional replenishment decisions for a givenhull optimal RD points are considered. Please note that
precinct. the convex-hull analysis performed on non weighted
distortions remains valid, as long as the weighting

affects in a similar way all the packets of a precinct.
Indeed, in this case, the relative positions of the possible

Bock ot DK @ |y 1 (70, ¢p'0) o oK iruncation replenishment decisions of a precinct remain exactly the

Prev ref: d“(i) ‘\‘ x Replenishment same. . . ) . . .
=d() | S~o_ ®_ Layer2(siy. d%) options Semantically meaningful weighted distortion metrics
SN O Convex Hull RD have already been considered in the past [10]. However,
“e©.l.ayer 3 (870, d%) points R X i . . .

§ ~®. .. nitial J2K most earlier contributions exploit these metrics either

g Layer 4 (s'0. d70) Convex Hull before or during the encoding step. In contrast, our work

Rate D > - - -NewConvexHul  SUpports the posterior definition of semantics weights

Use previous Refresh with.. at transmission time for each client, and without any

frame Layer 3 Layer 4

significant complexity increase.

Fig. 2. Rate-Distortion representation of the distortiotraduced B, Complexity issues: Index generation
in a given precinct by the four possible replenishments aedute

of the background and previous references. When the server has to cope with a large number of
clients, the real-time calculation of th#? (i) values of

As explained in Section IlI-A, the truncation points interest becomes computationally intractable. In order
of the embedded bitstream correspond to different rateto decrease this complexity, we propose to separate the
distortion trade-offs that lie on a RD convex-hullofs  process in two phases. During an off-line phase, the
in Figure 2). In addition, the possibility to approximate server performs once and for all the most complicated
the precinct based on one of its two replenishmenbperations, and writes the results in an index. This
reference introduces two new points located on thendex is then used in the second phase, which consists
distortion axis of the RD diagrantiossesn Figure 2). in taking the replenishment decisions for a particular

Given a bit-budget and the set of accessible RDstreaming session.
points for each precinct, the RD optimal allocation of
the bit budget over the image is derived by considering
the RD points sustaining the lower convex hull of
each precinct, as depicted in Figure 2. Specifically,

Figure 3 depicts the first phase.

the increments of bitstream corresponding to these Backgnd X Backgnd Stored for future

. . . . . . estimation Ref. transmission
points are transmitted in decreasing order of distortion
reduction per transmitted bytes, until the frame bit- |_1 l
_budget is reached [6]. The approach is further detailed Video Conditonal gféiff‘fé’,fjﬁf Index
n [2] Content —— Replenishment [

and Metrics ig;:;;

IV. SERVING MULTIPLE HETEROGENEOUS CLIENTS f

In this section, we first describe how the replen- Previous

. .. . . Delay
ishment decisions can take into account the definition Ref.

of Regions Of Interest (ROI) by the user. Then, we
study the practical implementation of the replenishment

system_to address a large numb_er of clients _Whilq:ig. 3. Server off-line operations leading to the creatibthe index.
preserving an acceptable computational complexity.

The information needed by the server to take opti-
mal decisions, based on the conditional replenishment

In order to take the user needs into account, weoncepts presented in section 1lI-B, are the sigHs)
integrate in the replenishment system the a priori knowl-of the ¢ first packets of precinct and the three
edge one may have about the semantic significance afpes of distortionsd??(i), b.(i), and d*?(i). These

A. Heterogeneous needs: Interactive ROI selection



informations are computed off-line and written to an V. PERFORMANCES

index file that will be used during the streaming session | this section, we present the performances of the

to take the optimal decisions for each client. proposed streaming system. First, we compare our solu-
The reference backgrounds and associated distortiofion with two widely used coding scheme, MJ2 (Motion

b:(i) are generated based on Gaussian mixtures est{PEG 2000) and MPEG4-AVC. Then, we illustrate how

mations and MSE computations. THE(i) ands{(i)  semantical weights can be used to focus on a given
values are available from the JPEG 2000 compressiofegion.

of individual images. In contrast, the computation of the The system has been tested on various video-
d; (i) values, which have to be calculated for edch surveillance sequences, but we present here the results
andg, implies a significantly larger effort, both in terms on a sequence of th@AVIARproject [11]. The resolu-

of computation and memory resources. To reduce thifion is half PAL standard (384 x 288 pixels) and it has

effort, we use the following approximation: been encoded at 25 frames per second. Regarding the
JPEG 2000 compression parameters, the sequence has

k-1 been encoded with four quality layers (corresponding

d(i) = dy 0 (1) + Y (dyen (i) (1)  to compression ratios of 2.7, 13.5, 37 and 76) and with

1=0 three code-blocks per precinct (one in each subband). In

order to have a spatial coherence between the precincts
at different resolutions, we have chosen decreasing
precinct sizes of 32x32, 16x16, 8x8, and 4x4 for the
three remaining lowest resolutions. Regarding the rate
control, the bitrate has been uniformly distributed on
all frames in the three intra methods. With AVC, we
fave adapted the quantization parameters to reach the
expected bitrates.

The approximation is justified in Figure 4, where
the different representations of framedo ¢t — k are
depicted. We observe thdi’q(i) is approximated based
on a distortion computation path that only relies on
d%?(i) and dy*** (i) values, which significantly re-
duces the amount of values to compute and store in th
index file, compared tal} (i), where X, Y and Q
variables take all possible values.

We will see in the next section that this approxima- Figure 5 represents the rate distortion curves of the
tion does not have a significant impact on the systenproposed system called CRB (Conditional Replenish-
performances. In terms of complexity, if we dendte ~ment with Background). Two curves correspond to
to be the number of previous frames considered for th&€RB: the optimal algorithm and the suboptimal algo-
calculation of the previous reference distortiafi;?(;)  fithm using the approximation describes in Section IV-
is computed for allk < I,, which shows that the B. The system is compared to MJ2 and MPEG-4 AVC
Comp|exity increases |inear|y with the index depth forWlth three different Intra Periods (lP) As mentioned in
the optimal algorithm. By using the approximation, we the introduction, the goal of this paper is not to propose

limit the number of calculations to a constant value,a solution competing with AVC in terms of compression
independently of the index depth. efficiency, but rather to increase the performances of

flexible video servers based on JPEG 2000.

1.dmax, . . . A
dt-k-;nax() dt711'qmax(|) dt1,qmax(|) 46 -
KK K “ - -
a2t — —
o® ® ® 0 e
“ e O O .0 gl -
®» S ars g R ¥
5] dt (i) x 36 -
& ® O OO0 tal
>
= -2 /
g Q <« O O O s2r —— CRB Optimal
o 30F CRB Approximation ||
3+ ‘ ‘ ‘ ‘ - ¥ —AVC (IP=1)
28 - B —AVC (IP=2)
t-k t-1 t > — A — AVC (IP=5)
Frames 26F —5—MJ2
400 600 800 1000 1200 1400 1600 1800 2000

Bitrate (kbps)

Fig. 4. Path used to approximate the distortion of the previou

references, compared to the optimal path (dashed arrow). &ris  Fig. 5. Comparison of the system performance with MJ2 and MPEG-
proximation significantly decreases the pre-processing &ty and 4 AVC in terms of PSNR at various bitrates for tBAVIARsequence.
does not have a significant impact on the system performances.

At very low bitrates, we observe that the proposed



method is more efficient than the other coding methodswith the bitrate, as an increasing number of packets
The suboptimal CRB approximation behaves very simcan be replenished. At the highest bitrate, where the
ilarly to the optimal algorithm, except under 600 kbpsbandwidth is sufficient to transmit all the available pre-
(at 300 kbps, the difference is 0.5 dB). This illustratesencoded packets, both MJ2 and CRB methods give the
that the approximations described in Section IV-B dosame performances as the references.

not alter significantly the proposed system efficiency.
At higher bitrates, the AVC compression gives better
performances. It is interesting to mention that with
this sequence, intra MPEG4-AVC (IP=1) is more ef-
ficient than MJ2, thanks to its very efficient intra-

To evaluate the interactive ROI selection, we have
considered that a user viewing a speedway sequence
wishes to focus on the moving vehicles. Segmentation

. . : ks h b Iculated, and th defined b
coding algorithm. CRB outperforms MJ2 at all bltratesmas S have been calctiated, an © areas detined by

these masks have been considered as ROI. The seman-
(+13.6 dB at 300 kbps and +6.4 dB at 2000 kbps). We. ; . :
realize that AVC with larger GOP would outperformencal weights have been set tdfor precincts belonging

., to the ROI and tw for the other precincts, which is of
the proposed scheme at the expense of reduced vid Qurse an extreme choice. TBpeedwagequence we
access flexibility. Similar results have been observe

ith other vid i 5 ave worked with is available on the WCAM project
with other video-surveillance sequences [2]. website [12] with its estimated background and the

At high bitrates, the flatness of the CRB curves Com'segmentation masks.

pared with the other coding schemes can be explained ) ) ] )
by the following. In order to improve the quality of The background is sent only once with a high quality

a precinct that was estimated by the reference at loweit the beginning of the transmission because it remains
bitrates, the whole compressed data of the precinct mustifficiently constant during the whole sequence. The

be transmitted. For the other schemes, this increment ifanSmission overhead is negligible, as the compressed
quality only requires a refinement of quantization (e.g.€Stimated background dBpeedwayhas a size of 55

an increase in the number of coding passes to transmitPYtes:
for MJ2). Hence the CRB curve slope, corresponding to
the ratioquality incrementvs rate incrementis lower
than for other methods.
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Fig. 7. Background and Region of Interest quality evolufienuser
focusing on the ROI of th&peedwagequence.

Fig. 6. Comparison of the system performance with MJ2 conisiger
the adaptation of a single pre-encoded sequence to varitaseb
for the CAVIARsequence. As we can observe on Figure 7, the background
quality remains constant. This is explained by the fact

In Figure 6 we consider that the server adapts a singléhat these non-ROI areas are never refreshed, and are
pre-compressed JPEG 2000 bitstream to the severahly defined using the background reference transmitted
targeted bitrates of the graph. This context correspondat the same high quality for all bitrates. The ROI
more to the focus of this paper than the one considereduality increases until a given threshold where all the
in the previous figure where optimal MJ2 and AVC code-blocks defining this ROI are refreshed. After this
bitstreams were generated for each targeted bitratethreshold (at 1700 kbps), neither the non-ROI nor the
Figure 6 illustrates the benefit of using the referencefROIl quality is increased, as no additional data are
in the CRB method. As expected, this benefit decreasasansmitted.
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