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ABSTRACT a first contribution, we propose a rate-distortion optimal strategy to
) ) ) select the most profitable packets to transmit. As a second contribu-
The image compression standard JPEG 2000 offers a high compregs,, we provide the client with two references, the previous recon-
sion efficiency a well as a great flexibility in the way it accessesgyycted frame and an estimation of the current scene background

the content in terms of spatial location, quality level, and resoluy|cylated at the server side. The use of a second reference sppear
tion. This paper explores how transmission systems conveying videg sjgnificantly improve the transmission system rate-distortion per-
surveillance sequences can benefit from this flexibility. Rather thagymances.

t_ransmitting each frame independently as it is generally dop_e inthe  the goal of our work is not to compete with other existing video
Iltera_lture for JPEG 2000 bas‘?d systems, we adopt a condltlon._al 'Boding systems like AVC, but to propose a rate-distortion optimized
plenishment sche_me to ex_pI0|_t the temporal correlat|on of the V'de_ ansmission system adapted to a JPEG 2000 video surveillance en-
sequence. As a first contribution, we propose a rate-distortion optijironment, Our simulations encourage the deployment of such video

mal strategy _to s_elect the mo_st profita_ble pa_ckets to transmit. As Surveillance systems taking advantage of the JPEG 2000 features
second contribution, we provide the client with two references, th‘?hroughout the acquisition, analysis and transmission chain.

previous reconstructed frame and an estimation of the current scene

S . This paper is structured as follows. In Section 2, we present an
background, which improves the transmission system performanceg\.le

rview of the proposed replenishment system. In Section 3, we

Index Terms— JPEG 2000, Intra Coding, Replenishment, Adap+emind the JPEG 2000 concepts useful for this work, and define two

tive Delivery, Semantic Based Coding replenishment methods. Section 4 presents the simulation results.
Conclusions are provided in Section 5.

1. INTRODUCTION

2. SYSTEM OVERVIEW

Nowadays, an increasing number of video surveillance systems use
digital video coding standards and IP networks to compress and
transmit a huge amount of video data from cameras and storage

servers to a wide variety of terminals, from control rooms to wireless Dackgnd e : : Baskend
PDAs. While Motion JPEG and MPEG-2 codecs have been largely Ref. ‘
deployed, MPEG-4, AVC and JPEG 2000 codecs are now emerging Backand | eplemisment
in video surveillance devices and systems. | e Y

Motion JPEG 2000 (MJ2) [1], the video file format encapsulat- e RD-optimal packets | Decoding and | Reconsiructed
ing JPEG 2000 frames [2], presents several important and attractivesonent ot ‘ i
features for video surveillance systems. Compared to MPEG-based i W i
systems, this intra compression standard offers a high robustness to i
transmission errors and provides fine-grained temporal, spatial, res- prsvei;'us — Delay pr;?;us — Delay
olution and quality scalability [3]. The coded bitstream can easily be
parsed and adapted in real-time following each of these scalabilities Server 4% Client

without the need of expensive transcoding operations. This enables

the server to optimize the transmitted video quality according to the

client needs and decoding capabilities, and according to the vary-ig. 1. Overview of the proposed JPEG 2000 video transmission
ing network resources, with a minimum impact on its processingarchitecture.

requirements.

In this paper, we focus on JPEG 2000 video surveillance sys- Figure 1 depicts the proposed transmission architecture. For
tems with fixed cameras. Rather than transmitting each frame ireach frame, the system only transmits the JPEG 2000 data units that
dependently to the clients as it is generally done in the literatur@re not properly approximated at the decoder, neither based on the
for JPEG 2000 based systems, we adopt a conditional replenishmdraickground estimate, nor based on the previous reconstructed frame
scheme to exploit the temporal correlation of the video sequence. A&s a consequence, the main concern of the sender is related to the



selection of (i) the parts of the JPEG 2000 image that have to be réhus provides distortion scalability at the image level. Resolution
freshed, and (ii) the level of quality associated to the correspondingcalability and spatial random access to the image result from the
refreshments. The second issue addressed by the sender is relafieect that each code-block is associated to a specific subband and to a
to the background estimation. In the proposed system, an averagjmited spatial region.

background is computed based on Gaussian mixtures that collect the . .
statistics of past image samples in specific pixel locations, as pre-. AIthoqg_h the_y are coded independently, code-blacks are nat iden-
sented in [4]. At regular time intervals, or when the current back_tlfled explicitly within a JPEG 2000 codestream. Instead, the code-

ground estimate sufficiently differs from the reference backgroun(gloCks associated to a given resolution are groupedpreeincts

available at the client, the current background is transmitted to thB2S€d on their spatial location [2, 7]. Hence, a precinct corresponds
receiver, and the reference background is updated. to the parts of the JPEG 2000 codestream that are specific to a given

resolution and spatial location. As a consequence of the quality lay-
ering defined above, a precinct can also be viewed as a hierarchy
of packets each packet collecting the parts of the codestream that

correspond to a given quality among all code-blocks matching the

The section is organized as follows. First, we review the specificitie ; : " ;
’ ; recinct resolution and position. Hence, packets are the basic access
of the JPEG 2000 standard that are relevant to the design of our rE'nit in the JPEG 2000 codestream.

plenishment decision engine. Then, we explain how rate-distortion
optimal replenishment decisions are taken in agreement with the ] ]
JPEG 2000 structure. Finally, we define two replenishment schemés2. RD optimal replenishment

that differ by their ability to exploit the background estimate as agjyen a targeted transmission budget and a reference image avail-
replenishment reference. able at the receiver, we now explain how to select the JPEG 2000
packets of the current image codestream so as to maximize the re-
3.1. JPEG 2000 image representation and code stream abstrac- constructed image quality. As the JPEG 2000 codestream consists
tion in a set of precincts organized in a hierarchy of layers, the problem
8nsists in selecting the indexes of the precincts to refresh and their

3. CONDITIONAL REPLENISHMENT

The JPEG 2000 standard describes images in terms of their discret@"S L .
wavelet coefficients. Hence, a replenishment scheme dedicated allt_y _of_refreshment,_so as to maximize the reconstr_ucted qu_allty
JPEG 2000 contents decides to refresh or approximate the curre minimize the dlstorthn) under the bit budget constraint, knowing
image wavelet transform, based on the knowledge of the wavelet céljat r_lo_n-refreshed precincts are approximated based_on the wavelet
efficients describing the reference background and previous image‘éoemc'e.ntS of the re_ferenC(_e image. The use of multiple reference
An important question raised by conditional replenishment is related"39€s 1S described in Section 3.3.

to the granularity of access to the current JPEG 2000 image coeffi- 1o simplify notations, and without loss of generality, the precincts,
cients. Specifically, one needs to understand to which extent it i§riginally defined by theikr, p) indexes, are now labeled by a sin-
possible to define the resolution, the subband, the position and thge indexi. To solve the problem efficiently, we assume an additive
reconstruction accuracy of the coefficients that are refreshedt Thgistortion metric, for which the contribution provided by multiple
issue is directly related to the JPEG 2000 format, which can be sungrecincts to the entire image distortion is equal to the sum of the
marized as follows. distortion computed for each individual precinct. We defii¢;)

According to the JPEG 2000 standard, the subbands issued frofidd” () to denote the distortion computed when iffeprecinct is
the wavelet transform are partitioned imtode-blockshat are coded ~ @pproximated based on isfirst packets, i.e. itg first layers, and
independently [2] [3] [5]. Each code-block is coded into an embedbPased on the reference image, respectively. We also deh@teto
ded bitstream, i.e. into a stream that provides a representation tha the size in bytes of thefirst packets of the'" precinct andl’ the
is (close-to-)optimal in the rate-distortion sense when truncated t8it budget. Based on the additivity assumption and because a packet
any desired length. To achieve rate-distortion (RD) optimal scalabilis only useful upon reception of all its ancestors, the problem can be
ity at the image level, the embedded bitstream of each code-block fermulated as a Knapsack problem with precedence constraints [8].
partitioned into a sequence of increments based on a set of trunca€t 4(é) denote the number of quality layers transmitted fordffe
ing points that correspond to the various rate-distortion trade-offs [gprecinct. Then, the RD optimal refreshment decisions are defined by
defined by a set of Lagrange multipliers. A Lagrange multipher the set{q(i)}i< that maximize$, _ \ (d°(i) — d?*")(i)), subject
translates a cost in bytes in terms of distortion. It defines the relto 3, _ 579 (j) < T. Formally, this Knapsack problem can be
ative importance of rate and distortion. Givanthe RD optimal  solved based on dynamic programming [8, 9]. However, two speci-
truncation of a code-block bitstream is obtained by truncating thdicities of our problem simplify it, and make an iterative greedy so-
embedded bitstream so as to minimize the Lagrangian cost functidation RD optimal.
L(A) = D(R) + AR, whereD(R) denotes the distortion result- First, the lower RD convex-hull of a precinct originates in the
ing from the truncation ta? bytes. Different Lagrange multipliers RD point defined by the reference image € 0) and goes through
define different rate-distortion trade-offs, which in turn result in dif- all the refreshment solutions that involve a sufficient number of qual-
ferent truncation points. For each code-block, a decreasing seguenity layers. This is because, in absence of a reference frame, the ben-
of Lagrange multiplierg \; } 40 identifies an ordered set of trunca- efit per transmission cost of a precinct packet decreases as the laye
tion points that partition the code-block bitstream into a sequence ahdex increases [6]. Hence, the succession of RD points correspond
incremental contributions [6]. Incremental contributions from the seing to an increasing number of layers sustains the lower RD convex-
of image code-blocks are then collected into so-called quality layersull in absence of reference. In the replenishment case, the lower RD
Q4. The targeted rate-distortion trade-offs during the truncation areonvex-hull is affected by the existence of a reference frame, @&nd th
the same for all the code-blocks. Consequently, for any quality layerefreshment of a precinct only becomes worthwhile in the convex-
index!, the contributions provided by laye€3; throughQ, consti-  hull sense beyond a quality level for which the benefit (compared to
tute a rate-distortion optimal representation of the entire image. lthe quality achieved based on the reference frame) per unit of rate



becomes larger than the relative gain offered by subsequent layeirformation about the semantic relevance of approximation errors is
of the precinct. Hence, for thé" precinct, the set of convex-hull provided at the precinct level, we define the semantically weighted
RD optimal solutions contains the reference precinct (R=0) and thdistortion to bed’ (i) = w(i)d(i), wherew(i) denotes the seman-
refreshment solutions involving more than(z) quality layers, with  tic weight assigned to thé” precinct. Semantically meaningful
g-(7) being the smallest valugsuch that weighted distortion metrics have already been considered in the past.
However, most earlier contributions exploit these metrics either be-
fore or during the encoding step. In contrast, our work supports the
posterior definition of semantics weights, at transmission time, given
the pre-encoded stream.

Second, the bit budget constraint can be somewhat relaxed, with-
outimpairing the ove_raII performar_lce_of the communication system3.3. Replenishment methods definition
This is because all video communication applications rely on buffers
to absorb momentary rate fluctuations. As a consequence, the fewe now introduce the two replenishment methods that are consid-
bits that are saved (or overspent) compared to the bit budget all@red in the simulations presented in Section 4. They are all based on
cated to a frame just slightly increments (or decrements) the budgeie greedy approach described in Section 3.2, but differ in the way
allocated to the next frame. they define the reference image.

As a consequence of the above observations, overall RD optj- The CR (Conditional Replenishment) method follows the con-

mality can be achieved at the image level by selecting the packets t\éoentlonal replenishment mechanism originally introduced in [10] and

transmit so as to refresh the image precincts in decreasing order Ogapted to the wavelet domain,

. . 5 e The CRB (CR with Background) method is novel and proposes
be_neﬂt per unit .Of rate, up to (_exha_ust_lon of the transmission t_)udge{o consider both the previous image and the estimated background
This approach is equivalent in principle to the one defined in [7],

but is adapted to account for the availability of a reference imageas possible references for each precinct. In practice, for a given

Formally, the iterative process can be defined as follows precinct, the image that be_s_t apprqximates th_e prec_inct Is selected as
Let q;(i m) denote the number of layers already tran.smitted forthe referen_ce f_qr that specific precinct. Qur S|mulat|_ons demonstrr_:lte

theith prec7inct at stepn, and letg;' (i, m) denote the next convex- tha_lt CRB s_lgnlflcantly outperforms CR in the surveillance scenario

hull optimal refreshment level for thé&" precinct at stepn. Based of interest in our study.

on the above discussiog; (i,m) = ¢, (i) wheng; (i,m) = 0, and

g, (i,m) = ¢(i,m) + 1in other cases. Based on these definitions, 4. RESULTS

at the initial step, we havg (i, 1) = 0 Vi. Then, at each step, the

greedy process decides to improve the quality of the precinthat ~ The transmission methods have been tested exhaustively, but we

provides the largest decrement in distortion per unit of transmissiorRresent the results ddpeedwaya CIF video-surveillance sequence

d°(i) — di(i) _ d°(i) — dITt(q)
59(1) - $911(4)

@)

ie. captured with a fixed camera at 25 fps. The original sequence, its
(dqt(i,m) (i) — Jai (im) (i)) estimated background and the segmentation masks are available on
ik = argmax 2 the WCAM project website [11]. Regarding the JPEG 2000 com-
1<i<N (sqf(i’m(i) _ S‘It(iam)(z')) pression parameters, the sequence has been encoded with four qual-

ity layers (corresponding to compression ratios of 2.7, 13.5, 37 and
To prepare the next iteratiog, (i, m + 1) is settog:(i,m) Vi # 4;,,  76) and with three code-blocks per precinct (one in each subband).
and tog;" (i,,,m) wheni = i;,,. The process goes on iterating@n  |n order to have a spatial coherence between the precincts at differ-
as long as the bit budget is not exhausted. ent resolutions, we have chosen decreasing precinct sizes of ,32x32
The solution is RD optimal in the sense that, for the achieved 6x16, 8x8, and 4x4 for the three remaining lowest resolutions. Re-
bit-budget, it is not possible to attain a lower reconstructed imagegarding the rate control, the bit-rate has been uniformly distributed
distortion based on different refreshment decisions. This is becausen all frames in the three intra methods. With AVC, we have adapted
by construction, it is not possible to find a non-transmitted packethe quantization parameters to reach the expected bit-rates.
that provides a larger gain per unit of rate than the gain provided by  |n these simulations, the background is sent only once at the be-
a transmitted packet. ginning of the transmission because it remains sufficiently constant
0during the whole sequence. The transmission overhead is negligible,
as the compressed estimated backgrounSpefedwayas a size of
s Kbytes.
Figure 2 compares the PSNR at different bit-rates of the CR,
n%RB’ MJ2 and MPEG-4 AVC (with three different Intra Periods, IP)
methods.
The CR method improves the MJ2 compression, which is the
less efficient compression scheme, by 2 dBs at low bit rates be-

In practice, in our work, the distortion metric is computed base
on the Square Error (SE) of wavelet coefficients, and approximat
the reconstructed image square error [6]. FormallySledenote the
set of code-blocks associated to precificand lete, [k] and é, k]
respectively denote the two-dimensional sequences of original al
approximated subband samples in code-blbck B;. The distor-
tion d(i) associated to the approximation of & precinct is then

defined by ‘ 9 ) 5 cause only the most relevant blocks are refreshed. The CRB method
d(i) = Z Wsb Z(Cb [K] — co[K]) ©) outperforms these methods thanks to the estimated background that
beB; keb concentrates the refreshment in the most changing areas.

wherew,, denotes the L2-norm of the wavelet basis functions for At very low bit rates, the CRB method results are close to MPEG-
the subbandb to which code-block belongs [6]. As an alternative 4 AVC. At 300 kbps, its PSNR is 1.5 dB below IP-10, 1.5 dB above
to the conventional SE metric, one can also consider a distortion déP-5 and 7 dB above IP-2. Its performances are comparable to AVC
fined based on semantically meaningful weighting of the SE, so ak>-2 at 1300 kbps. As mentioned in the introduction, the goal of
to take into account the a priori knowledge one may get about théhis paper is not to propose a new compression scheme compet-
semantic significance of approximation errors. Assuming that théng with existing ones like AVC, but rather to increase the perfor-
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We have explained how to take the refreshment decisions in a RD
optimal way. We have also demonstrated the benefit of using multi-
ple reference images for non-refreshed areas. In particularaves h
proposed to compute an estimate of the background of the scene
captured by a still camera, and have shown that such estimate signif-
icantly improves rate-distortion performances in video surveillance
scenarios. In addition, we have highlighted the flexibility offered by
a JPEG 2000 transmission of video content by prioritizing the refresh
of scene areas that are a priori known to be semantically significant.
Interestingly, as a consequence of the JPEG 2000 intrinsic scal-
ability, the prioritization allows to dynamically allocate transmission
resources to the video content, but is independent of the JPEG 2000
codestream creation. Hence, it allows to allocate the rate to the con-
tent according to the user neealposteriori once the images have
been compressed and stored. For the same reason, our system can
be extended to a transmission to several clients, each client being

Fig. 2. Rate distortion curves of the proposed algorithms comparedharacterized by its own resources. Eventually, simulations have re-
with MJ2 and AVC. Frame rates and encoding parameters are deealed that the proposed system achieves close to AVC performance

fined in the text.

at low rates, and significantly outperforms both naive independent
transmission of consecutive frames, and conventional replenighmen
mechanisms. These results encourage the deployment of integrated

mances of flexible video surveillance transmission systems based @olutions able to store and transmit video surveillance content in

JPEG 2000.

MJ2 CR

Fig. 3. MJ2, CR, CRB and AVC methods for the 25th frame of the
Speedwagequence transmitted at 235 kbps.

Snapshots of th&peedwagequence compressed with the CR,

CRB, MJ2 and AVC methods at 235 kbps are shown in Figure 3. As
we can observe, CR improves slightly the MJ2 method, increasin
mostly the precision on the vehicles. The CRB method improves th
global sequence quality by offering a high quality for the background

and a fair quality for the vehicles.

5. CONCLUSION

In this work, we have investigated the use of conditional replenish-

JPEG 2000 format.
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