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ABSTRACT

This paper considers the remote interactive browsing afelar
JPEG2000 images. In contrast with previous contributiaesfocus
on the dynamic nature of the system. Practically, we studyctn-

ditions under whicla priori knowledge about the user behavior may

help to improve the browsing system reactivity, when coraiwith
appropriate pre-fetching mechanisms. In particular, Guuktions
show that, due to the latency inherent to client/server axghs, a
benefit can be drawn by scheduling future window of inter@il}
data before all current Wol data have been sent to the clieimy
also reveal that an accurate knowledge of the user behaviooti
necessary to getimportant improvements over conventsafedul-
ing approaches.

1. INTRODUCTION AND RELATED WORK

The development and diversification of computer networlksdnea-
ated the potential for remote access to large scale imagethid
paper, we are concerned with the scheduling of image datartrié
ted in a remote browsing system. By data scheduling, we nfean t
selection of data sent by the server to a client, at any pdithe
transmission session, so as to maximize the reactivityebtbws-
ing application. Concerning the storage format of the insager
work takes advantage of the JPEG2000 compression starjila23) (
which offers many desirable features for remote browsiig [3

In earlier contributions JPEG2000 data units are schedudex$
to rapidly increase the window of interest (Wol) displayadlity.
In practice, the transmission order is defined either baseal re-
defined prioritization of JPEG2000 data units [4, 5], or loasa a
rate-distortion criterion [3]. Despite the dynamic natafé¢he inter-
active browsing session, we note that all these approachesatic
in essence. That is, only the current state of the Wol is tékemn
account to define the JPEG2000 data transmission orderntrest,
our work proposes data scheduling strategies that takeatgount
the fact that the Wol changes interactively along the brog/sies-
sion.

In order to render the dynamically evolving Wol, we formaliz
the user behavior and define the conditions under which ttiajar
complete knowledge of this user behavior may help to imptbee
browsing system reactivity, i.e. to reduce the average hetereen
consecutive navigation commands, when combined with goipro
ate scheduling mechanisms. In particular, anticipateefgthing
is proposed to exploit the browsing system latency by tréttisim
data that are expected to become relevant in the futuredafiadata
corresponding to the current Wol have been forwarded toltaetc
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Few works have already proposed to pre-fetch data based on
the knowledge of the user behavior. In [6], Lin and Zheng pegp
heuristic mechanisms to improve the browsing system respen
ness. In contrast, our paper solves the pre-fetching proliea
formal rate-distortion (RD) framework. In [7], the auth@smbine
JPEG2000 flexibility with a user navigation model to manduye t
client cache and pre-fetch data. However, the authors ing3lime
that user navigation commands are regularly spaced. Spnie
glect the fact that the data displayed at the client play arkiyon
the release of a novel request by the user. In contrast, otk vom-
siders the latency induced by data transmission and irtepon,
and analyzes its impact on data pre-fetching strategies.

The remainder of the paper is organized as follows. Section 2
describes key elements from JPEG2000 and the navigaticensys
used. In Section 3, we review a static rate-distortion basbedul-
ing of JPEG2000 units which supports our own contributioe- pr
sented in Section 4. Simulations results, presented ifosest val-
idate our proposed scheduling methodology. Section 6 odesl
the paper giving general guidelines to design an interactvnote
browsing system.

2. SYSTEM BASICS

2.1. JPEG2000 code-stream abstraction

In this section, we explain briefly how the JPEG2000 codastre
can be abstracted as a set of independent groups of hiaratghi
ordered packets. Interested readers may refer to thetliterfor
additional information about JPEG2000 [1, 2], and the ulyitey
EBCOQOT algorithm [8].

In short, JPEG2000 is based on a discrete wavelet transform,
whose subbands are partitioned imtmdeblockshat are coded in-
dependently. Each codeblock is coded into an embeddedeaitst
i.e. into a stream that provides a representation that &séeto)
optimal in the rate-distortion sense when truncated to asireld
length. For each codeblock, a decreasing sequence of Lggran
multipliers {4 }4>0 identifies an ordered set of truncation points
that partition the codeblock bitstream into a sequenceaémental
contributions [8]. Incremental contributions from the séimage
codeblocks are then collected into so-called quality laymovid-
ing distortion scalability at the image level. Resolutiaalability
and spatial random access to the image result from the facetth
codeblock is associated to a specific subband and to a listaiihl
region.

Codeblocks associated to a given resolution are grouped int
precincts based on their spatial location [1, 3]. As a consequence
of the quality layering defined above, a precinct can alsoibeed
as a hierarchy opackets each packet collecting the parts of the
codestream that correspond to a given quality among allldodies



matching the precinct resolution and position. Hence, gckre
the basic access unit in the JPEG2000 codestream.

2.2. Remote browsing

The architecture of the remote browsing system studiedsmpéper
is largely inspired by the works in [5]. Based on the Wol featu
coming from the client, a JPEG2000 parser generates aned sy
appropriate requests to the server in order to provide ieatalith

are still forwarded by the server while sufficient packetegwready
been sent for the user to choose the next command. This delay i
cludes transmission and decoding delays but also the timegér
needs to analyze the newly displayed visual information.

In practice, the anticipation of future Wol relies on two quon
nents. First, it depends on thepriori knowledge of future requests
(modelization of the user behavior). Second, it requiresdéfini-
tion of schedulers that favor the download of promising JP&IH
packets (optimal image pre-fetching strategies) rathen tiseless

the JPEG2000 packets that are the most relevant to the Wisl. Thgyality increments for the current Wol.

parser involves a scheduler to select the right packetsnio aeany
point of the browsing session, in order to maximize the bimows
system reactivity. The scheduler optimization certairdpstitutes
the key contribution of our paper.

3. PACKET SCHEDULING FOR A STATIC WOI

In [3], Taubman and Rosenbaum proposed a rate-distortitmalp
solution to download JPEG2000 packets in an order that massn
at any point of transmission, the quality displayed in a ¢geéned
Wol. As this work supports our own contribution (Section e
briefly review in this section the notations and main resaftthis
paper.

The solution in [3] consists in a greedy algorithm that stslec
the packets to transmit in decreasing order of Wol distorteduc-
tion per unit of transmission. Based on Section 2.1, we kriat &
JPEG2000 packet is completely defined by its precinct irsdi@@nd
p*, and by its layer index. Following [3], we introduces; (7, p, q)
to be the size in bytes of thg" packet of the(r, p) precinct, and

denoted(r, p, ¢) to be the amount by which the distortion, measured

on the whole image, is decreased if the padkep, ¢) is decoded
compared to the distortion if only the packéisp,i), i < ¢, are
decoded. As a consequence of that definition, the métricp, q)

has to be additive. This property is verified from the appration
of the Mean Square Error (MSE) defined in [8].

Based on the distortion reduction provided by a packet on thé®

whole imagel(r, p, ¢), we follow [3] to define the distortion gain on
a static Wolw as

de(r, p,q, w) = &(r, p,w).d(r, p, q) 1)

whereé(r, p, w) denotes the fraction of pixels affected by precinct

4.1. User navigation and reaction models

We characterize the user by two components. First, a nawigat
model defines which command is expected to be released rexxt. S
ond, a reaction model defines when the next command is tedger
in response to data transmitted for current Wol. Our worksdoat
pretend to define the “ultimate” navigation and reaction atedwvhich
we believe are tightly connected to the envisioned apptinaRather
we fix these modela priori and are interested in the analysis of how
appropriate scheduling mechanisms are able to take adyaofa
their knowledge.

To define our navigation model, we adopt the formalism intro-
duced in [7]. We assume that the user only browses througbugar
image resolutions and spatial locations and that he hastopbssi-
ble actions : zoom-in, zoom-out, up, down, right and left.d&fine
the sequence of user’s actions, we then assume that an eotioo-
sen identical to the previous one with probabilitywhile all other
actions have the same probability— 4) /5. Hence, thé) parameter
reflects the deterministic nature of the navigation pracatiough
the server can calculate with this model the probability thpacket
appears in the Wol at any future step, we decided to resticpie-
diction of the future to a “myopic” one-step look ahead.

To model the reaction of the user, we adopt a rudimental forma
ism. Fundamentally, the model has to reflect that (i) a usemeand
is triggered in response to the content displayed in thesatiol,
and (ii) packets sent out by the server need some time to veyed,
displayed and interpreted at the client. In the rest of tipepave as-
sume that the next navigation command is triggeresttconds after
the PSNR in the current Wol went beyond a thresi®|dn dBs.

We now present the three pre-fetching strategies propased t

(r, p) that belongs to Wolv. Hence, packets have to be forwarded take advantage of the knowledge of user behavior models.

to the client in decreasing order @f(r,p,q)/ss(r,p,q). An al-
ternative, proposed in [3], consists in approximating tigtodtion
reduction per unit of transmission, i.€(r,p, q)/ss(r, p, q), by the

Lagrange multiplier\; used to define the truncation points of the

¢t quality layer.

4. DYNAMIC PACKET SCHEDULING

In contrast to Section 3, we now consider a dynamically eaglv
Wol, and the consequences it has in terms of packet schegdidin
cisions. For example, some packets that are currently sselght
become critical in a near future and should be transmitt¢idipa-
tively in order to reduce the navigation system latency. deumen-
tally, the anticipation of future commands is motivated bg fact
that there exists eeaction delaybetween the emission of a packet
by the server and the feedback it causes in terms of Wol definit
This reaction delay causes a waste of resources if currehtéia

1 andp respectively characterizing the resolution and the siatiation
of the precinct.

4.2. Oracle scheduler

Theoracle scheduleknows all about the user behavior. It knows the
¢ parameter of the navigation model, and @&a@ndr parameters of
the reaction models. Hence, the oracle feeds the currentitibthe

© quality threshold is achieved. Upon that point, the oraelecs
the JPEG2000 packets so as to maximize the gain in qualigotsg
per unit of transmission for future Wols. The expected gaiiality

is defined, at a given time by

E[dg(T,p,q,Wt)] = z th(w)'dﬁ(T7p7q7w)'
wEW

)

whereW; denote the random variable that defines the next Wol se-
lected within the sevV; of possible future Wolspw, (w) denotes

the probability forw to be the next Wol and. (r, p, ¢, w), which is
defined in Equation (1), denotes the reduction of distonpi@vided
onw by theq'" quality layer of the(r, p) precinct.
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Fig. 1. Average number of bytes transmitted between two consecativigation commands, for the oracle scheduler (dashed, lihe
natural pre-fetching (circle) and the anticipated prefietg (solid line), as a function of the pre-fetching parameter and for two levels of
predictability ¢) and quality thresholdd). Reaction delayB, = 10 kbytes. Client cache siZd = 150 kbytes.

4.3. Natural pre-fetching

In this case, we assume that the user reaction model is umkn@y
the scheduler ignores the impact of the current Wol qualityttee

instant of release of the next navigation command. A natuesl

to schedule data is to first feed the current Wol as long a% téer
packets relevant to this Wol (and not till the thresh@lchas been
achieved, as for the oracle). Once this is done, data ford\Wol is

pre-fetched, because it is always better to transmit sorditi@ail

image data than not transmit any information [7].

4.4. Anticipated pre-fetching

In this case, we still assume that the user reaction modekisawn.
But in contrast to section 4.3, we propose to consider phehiieg
beforeall the information relevant to the current Wol has beendran
mitted to the client. Our investigation is motivated by figtobser-
vation that there exists a delay between the emission oféndatp
by the server and their interpretation by the user, and @) fact
that the current Wol quality increments are obtained ateasing
cost (in terms of transmission resources) as the downlgauiiocess

Given that the navigation model is assumed to be known by all
schedulers, we based our simulations on a fixed sequencevief na
gation commands generated by the chosen model. Despitethe s
guence of navigation commands is fixed, the instants at wdoof
mands are triggered depends on the scheduler. Indeed jnisemes
are defined by the reaction model, in response to the quakty d
played in the Wol, which in turn depends on the schedulirafetyy.

As a consequence, the average time elapsed -or equivakemtly
without loss of generality the average amount of data tréteta
between two consecutive navigation commands provides pat-ob
tive measurement of the scheduler performance.

The generated navigation sequence contains 1000 commands.
The picture used is 32768 x 32768 greyscale image defined based
on a crop of downtown Toulouse. JPEG2000 coding paramet&es h
been defined as follows. Tiles have a sizé @4 x 1024 pixels. Six
resolution levels have been considered for each tile, amciqsts of
128 x 128 have been defined at each resolution level. Ten quality
layers respectively target a quality of 26, 30, 32, 34, 36,488 42,

44, and 46 dB in each tile.

Figure 1 plots the average number of bytes transmitted per na

igation command for the 3 schedulers, as a function ofcthmre-

goes ahead. As a consequence, at some point, it might be more b fetching parameter. In these figures, we note that the osatied-

eficial to download a JPEG2000 packet that has a high pratyatoil
bring a significant gain in the future, rather than wastirgpteces
for non-significant increments of the current Wol.

uler (dashed line) performs significantly better than thieirzd pre-
fetching solution (circle) and that, for a well-chosenanticipated
pre-fetching (solid line) also improves the natural one. alé® ob-

We propose a weighted sum to trade-off current and future exserve that the best value decreases as the quality threst®lih-

pected benefits. Formally, based on notations of Sectioart2et-

creases. Indeed, small (large)postpones (speeds up) the antici-

ting « denote a weighting factor between 0 and 1, the gain assdciatd?ation of future Wols, and a largé means that a high quality is

to packet(r, p, q) is given by

da(r,p,q,t) = (1 — @).de(r,p, q,w(t)) + a.E[de(r, p, g, Wt)(L)
3
whered (r, p, ¢, w(t)) and E[de (r, p, g, Wy)] are defined in Equa-
tion (1) and Equation (2), respectively.

5. SIMULATION EXPERIMENTS

In this section, we rely on simulations to compare the oracte=d-
uler with the natural and anticipated pre-fetching methogies. As
aresult, we identify the conditions that make the accuratewedge
of navigation and reaction models useful in improving thensing
system responsiveness. Only the main simulation resutta-
sented here, a complete analysis is detailed in [9].

required in the current Wol before moving to the next useuest
Finally, we observe that the solid line goes up slower foréased
a when the navigation model is predictable (i.&.is high). We
conclude that it is easier and less risky to implement guateid pre-
fetching when future Wols are reliably predicted than irsprece of
a random navigation.

Figure 2 presents the rate overhead computed for the natudal
the anticipated pre-fetching, relatively to the oracleestiier. The
graph plots the overhead for a predictabfe=(0.9) and a random
(6 = 0.2) navigation model, as a function of the quality thregh®
(Figure 2(a)) and reaction deldy, (Figure 2(b)). For anticipated
pre-fetching, thex value is chosen as the one that minimizes the
overhead.

Regarding Figure 2(a), we first observe that the overhead in-
creases with the model predictability. It makes sense lsecte an-
ticipation of future Wols is expected to be more efficient,ahére-
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fetching, compared to the oracle scheduler. Graphs aréeglals ;1 2 \wol depends on complex and subiective interpretatidiitiab
a function of (a) quality thresholé (with B, — 10 kB) and (b) the ' P piex and stbjeciive Interpretaffitias.

reaction delayB, (with © = 35 dB). The cache size is 150 kB.
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