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ABSTRACT

This papers studies a novel prefetching scheme for the re-
mote browsing of sequences of high resolution JPEG 2000
images. Using this scheme, an user is able to select randomly
any of the remote images for its analysis, repeating this pro-
cess with other images after some undefined time. Our solu-
tion has been proposed in a low bit-rate communication con-
text where the complete transmission of any of the images
for its lossless recovery should take too much time for an in-
teractive visualization. For this reason, quality scalability is
used in order to minimize the decoding latency. Frequently,
the user can also play a “video”, moving sequentially on the
neighbour (consecutive in time over previous or following)
images of the currently displayed one. With the objective of
hiding also the link latency, the proposed data scheduler trans-
mits in parallel data of the image that it is currently displayed
and data of the rest of the temporally adjacent images. This
scheduler uses a model based on the quality progression of the
image in order to estimate which percentage of the bandwidth
is dedicated to prefetch data. Our experimental results prove
that a significant benefit can be achieved in terms of both sub-
jective quality and responsiveness by means of prefetching.

1. INTRODUCTION

Some of the powerful features offered by the novel JPEG
2000 multi-part standard [3] are lossless/lossy compression,
random access to the compressed streams, incremental decod-
ing and high degree of spatial and quality scalability. These
characteristics have led it to obtain the recognition as a state-
of-the-art solution among applications for remote browsing of
high-resolution images. In this kind of environments, the im-
ages are stored on the server side after being encoded with the
highest required quality. Using the JPIP protocol, defined in
Part 9 [4] of the JPEG 2000 standard, clients can interactively
explore remote image data by specifying a window of interest
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(WOI). This data exchange uses the available bandwidth ef-
ficiently, requiring no recoding or additional processes. The
server extracts only the required data from the images and
transmits it to the clients.

JPEG 2000 has already been successfully used in many
scientific areas; e.g., in tele-microscopy [8] or tele-medicine
[5]. A promising application in astronomy is the JHelioviewer
project [6], developed by the European Space Agency (ESA)
in collaboration with the National Aeronautics and Space Ad-
ministration (NASA). Its main goal is to deploy an interactive,
data browsing and analyzing platform to accommodate the
staggering data volume of 1.4 TB of images per day that will
be returned by the Solar Dynamics Observatory [7]. Among
other data products, SDO will provide full-disk images of the
Sun taken every 10 seconds in eight different ultraviolet spec-
tral bands with a resolution of 4096 × 4096 pixels. As of
today, the combination of JPIP and JPEG 2000 seems to offer
the best solution in order to efficiently browse image data sets
of this magnitude.

Each solar image is associated to a date/time stamp. The
basic functionality supported by JHelioviewer is to allow
users to explore the available data for an instant of time. Nev-
ertheless, one of the most valued features is to offer the ability
of moving smoothly through a solar image sequence given a
specific range of time (ROT), and showing the changes in the
WOI. In fact, this functionality might also be interesting for
many other contexts, like tele-medicine or tele-microscopy.

In order to achieve a good responsiveness and avoid annoy-
ing quality gaps when moving through an image sequence, a
special prefetching strategy is required. Based on extensive
research, it appears that the only published contribution re-
garding prefetching strategies for remote browsing of JPEG
2000 images is the paper by A. Descampe et al. [2]. In their
work, the authors propose and evaluate several solutions to
anticipate future WOIs in order to achieve a better respon-
siveness. All of these solutions only take into consideration
user exploration of single large-scale images, discarding the
dynamic nature of a navigation along an image sequence. In
the case studied in this paper, the resolution of the images is
not as high as that used in the work by A. Descampe et al.
as it is more important to improve the responsiveness to user



movements along the sequence as opposed to through just one
single image. Moreover, all the solutions proposed by [2] re-
quire a special scheduling of the JPEG 2000 packets, which
is rather difficult to implement considering the existing stan-
dard. This paper proposes an efficient prefetching strategy for
remote browsing of JPEG 2000 image sequences that offers
good performance and smooth transitions, as well as easy im-
plementation.

The rest of the paper is organized as follows: in Section
2 the problem in question is analyzed in detail. Section 3 is
dedicated to explaining the proposed solution, which is later
evaluated in Section 4. The paper ends with some conclusions
and future work (Section 5).

2. PROBLEM DESCRIPTION

Client/server JPIP communication is based on the ex-
change of requests and responses. Within each request,
clients specify, among other parameters, the remote file to ex-
plore and the WOI to be shown. Files may contain a sequence
of N different images (in the case of JHelioviewer, they are
related to a specific ROT), so requests must also include the
desired range of images [a, b], with 0 ≤ a ≤ b ≤ N − 1. The
same WOI is retrieved from all the images within the range.

There are two kind of possible JPIP requests: stateless and
session-oriented. Stateless requests are independent of each
other, and no state is recorded during the exchange of mes-
sages between clients and servers. In the case of the session-
oriented requests, all the requests related to the same remote
image file are associated with the same session. This allows
the server to remember which image parts have been sent to
a client, thus avoiding redundant transmissions (e.g. for over-
lapped WOIs). Most of the remote browsing applications use
this kind of communication. JPIP servers assume by default
that clients always retain all of the data received within a ses-
sion. If a client needs to remove some of the data; for ex-
ample, in order to release memory, the server should be no-
tified. This study does not deal with client resource restric-
tions, and we therefore assume that there are none. Session-
oriented communications allow clients to control the flow of
data. For a certain WOI, a client can specify within the re-
quest the maximum length L desired for the server response
in order to perform a data flow control between the client and
the server. Therefore, due to the session state information, the
client can retrieve the data of the WOI by L increments, by
simply repeating the same request several times. In the case
of image sequences, the response data should be uniformly
distributed over the requested range by the server. For each
request, the L value may be adapted depending on specific
requirements. The most common scheme is a proper balance
between the exploitation of the available bandwidth and the
response time to WOI changes by the user. For large L val-
ues, any of the blocks of data of a new WOI would take a
long time to be received, especially at low bandwidths, after

receiving the data of the previous WOI. This would generate
long response times for the user interactions. On the contrary,
a shorter elapsed time is achieved when a smaller value of L
is used, even though additional overhead is generated due to
the increase in the number of transmitted protocol headers.

Some client applications, like kdu show [1], adapt the L
value according to the relation between the RTT (round-trip
time) propagation delay1 and the time T taken to extract the
message data from the communication link, for each server
response. Then, L is modified with the aim of equalling
RTT/T to a certain target ratio (L is decreased if the ratio
is higher and increased if it is lower), just after retrieving a
server response and before performing the next request. This
method is implemented by the clients in the solution proposed
by this paper.

This paper focuses on JPIP applications, such as JHe-
lioviewer, designed to explore remote image sequences. Fig.
1 shows an example of five sequential time instances during
a remote browsing session using JHelioviewer. Once the user
has selected a ROT, the server builds a virtual JPEG 2000
file which only contains links to those solar images whose
date/time stamp belongs to that ROT. The client starts a JPIP
session for that file and requests the first image, displayed at
time t0. The user can then watch the sequence of images be-
longing to the ROT, one by one. In this example, at time t2
the user zooms-in to a certain region, thus changing the cur-
rent WOI. From this new WOI, the user continues moving
forward through the sequence, to instances t3 and t4.

This type of interactive browsing requires a new commu-
nication scheme capable of offering smooth transitions while
maintaining good responsiveness, and designed to be im-
plemented over session-oriented JPIP communications. An
added value is that this scheme is easy to implement on the
client end by simply addressing how to combine the param-
eters L and [a, b] of every request, and without requiring any
server or protocol modification.

3. THE PROPOSED PREFETCHING STRATEGY

In order to minimize the visual quality differences between
the currently displayed image (ic) and the rest of images of
the ROT ([ia, ib], where a ≤ c ≤ b), the model herein pro-
posed implements a prefetching scheduler that decides which
images of a given ROT are going to be prefetched. It also de-
cides what amount of the bit budget is going to be dedicated
to the WOI and also to the ROT. We start by addressing the
second aspect first. In the technique here in proposed, it is
assumed that the images have been encoded using suitable
compression parameters in order that they allow the JPEG
2000 scalability to be fully exploited. It is also assumed that,
for every WOI request, the JPIP server delivers the associated
data minimizing the distortion of the displayed image. This

1RTT is the elapsed time between the instant in which the client generates
the request and the instant in which the reply arrives to the client.



t0 t1 t2 t3 t4

Fig. 1. An example of different time instances from a remote browsing session.

means that the Mean Square Error (MSE) between the final
WOI w and the reconstructed one w′(b) when b bits have been
received, follows a function

Ew(b) = MSE(w,w′(b))

with an approximately exponential behaviour (with a nega-
tive exponent). When b bits have been received, the value of
Ew(b) can be used to decide which percentage of the next
request is assigned to both the WOI and the ROT prefetching.

A main issue related to the calculation of Ew(b) is that
it depends on the content of w; i.e., image data that is only
known at the end of the transmission. However, taking into
account the exponential trends of Ew(b), this behaviour is
fairly similar to a function that only considers the differen-
tial quality increments of w′, that is,

dEw(b) = MSE(w′(b), w
′
(b−K))

for certain constant increment K. The value K must be as
small as possible taking into account the granularity of the
image data. This must allow decodings with increments of
K, especially at low bit-rates, because, on the contrary, the
function dEw(b) would go to zero.

When the dEw(b) value is near zero, most of the requested
data should be dedicated to the ROT prefetching since the data
received is poorly increasing the quality of the WOI. With this
idea in mind, the normalized percentage of each request to be
dedicated to the prefetching can be modelled by

Pw(b) = σe−dEw(b)

where the value 0 ≤ σ ≤ 1 is used to limit the percentage.
According to Pw(b), when the L value has been adjusted

after receiving a server response, the next request to the server
would be divided into Lc = (1 − Pw(b))L bytes for the cur-
rent WOI w, within the current image shown ic, and Lp =
Pw(b)L bytes for the images {[ic−λ, ic−1], [ic+1, ic+λ]}, for
the same WOI, where λ defines the size of the ROT (a window
of images that is centered in ic but does not include ic).

Fig. 2 shows a rate/distortion comparison, in terms of peak
signal-to-noise ratio (PSNR) in decibels, between a WOI re-
trieved normally and the same WOI retrieved prefetching data
according to Pw(b). Also, the value of Pw(b) is shown. As
can be observed, the loss of quality produced by the ROT
prefetching is negligible at the beginning of the transmis-
sion and visually insignificant at the end, where a user could
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Fig. 2. Quality of a WOI retrieved with and without prefetch-
ing. The normalized percentage Pw(b) (with σ = 1 and
K = 1000 bytes) has been also represented.

hardly differentiate between both WOIs. Moreover, when 45
K Bytes have been retrieved, around 25% of this data has been
used for prefetching.

From an implementation perspective, several points must
be clarified. JPIP does not allow the specification of different
values of L within the same request. Due to this limitation,
in order to carry out the prefetching of the ROT, each request
must be divided into two requests: one for ic with Lc and an-
other one for the prefetching with Lp. These requests should
be sent continuously to avoid any communication delays and
benefit from the transmission pipelines.

Since an independent request must be used for ic as well as
for prefetching, it is necessary to control the overhead gener-
ated by the protocol. Experience leads to the assumption that,
on average, JPIP servers include around H = 300 additional
bytes within each response due to headers. Once the values
Lc and Lp have been obtained, they must be modified de-
pending on the ratio H/Lp. If this ratio is not below a certain
threshold, Lc is set to L, thus discarding the second request
for prefetching. A good value for this threshold is 0.5 or less.
Changes in the value of H might also be taken into account
during the communication for better performance.

Once the current WOI has been completely received, the
client must continue prefetching data, using Lp = L. This
makes it possible to also exploit the time spent by the user to
analyze the content of the image.



0

5

10

15

20

25

30

35

40

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

PS
N

R
G

ai
n

[%
]

σ

λ = 1
λ = 2
λ = 5
λ = 10

0

5

10

15

20

25

30

35

40

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

PS
N

R
G

ai
n

[%
]

σ

λ = 1
λ = 2
λ = 5
λ = 10

Fig. 3. Experimental results.

4. EXPERIMENTAL RESULTS

This proposed solution has been implemented in the JHe-
lioviewer client. A random user browsing session composed
of 200 consecutive movements over a remote file that contains
a sequence of eighty-eight 4096×4096 solar images has been
generated. The same session was simulated twice, once with
prefetching technique of this study, and another time without
it, for each evaluated condition. The Kakadu JPIP server [1]
has been used for these experiments. The client/server band-
width has been fixed to a constant bit-rate of 1 M bit/s, with a
RTT of one second (1 s).

A slightly modified version of the user model proposed by
A. Descampe et al. has been used for generating the random
user browsing session of the 200 movements. The possible
user movements have been reduced to five: panning, zoom in,
zoom out, move forward and move backward. The first move-
ment consists of changing the position of the current WOI
to a new random position, within the same resolution level,
with a distance equal to 512 pixels. The zooming movements
change the resolution level of the WOI one by one. The last
two movement types allow the moving through the sequence
one image at a time. None of these movements modify the
WOI dimension, which is always 1024 × 1024 pixels. It is
assumed that the user behaviour is defined by a first order
Markov process, so given a current movement, the probabil-
ity of choosing the same movement as the next one is δ, whilst
the probability of choosing a different one is (1 − δ)/4. The
experiments in this study have used a value of δ = 0.3.

During the simulated browsing session, as soon as the
quality of the current reconstructed WOI achieves a quality
superior to certain threshold Θ, in terms of PSNR, the next
movement is triggered. A value of Θ = 38 dB was chosen for
the experiments in this study.

A total of 40 different conditions have been evaluated,
varying σ from 0.1 to 1, in steps of 0.1, and giving to λ the
values 1, 2, 5 and 10. The average difference of the PSNR
obtained when the remote browsing session is performed with

and without prefetching has been calculated for each condi-
tion. This difference is expressed as a percentage relative to
the first session. The value used for K has been 1000 bytes.

Fig. 3 shows the results of these experiments. As it can
be observed, independently of the values of σ and λ, there
is always an improvement of the obtained PSNR. The best
results are achieved with high values for σ and low values for
λ. With low σ values the performance is hardly improved.
High λ values are not recommended according to the user
model studied here. If movements through the sequence were
more predictable, the λ value might be increased.

5. CONCLUSIONS

This paper proposes a new efficient prefetching technique
for interactive remote browsing of JPEG 2000 image se-
quences. Its most relevant characteristics are: i) it offers an
easy implementation that can be added to any existing JPIP
client/server architecture; ii) from the server bandwidth, a per-
centage estimated according to a differential quality model
function is allocated to prefetching; and iii) an average im-
provement of the reconstructed WOI is always achieved, in-
dependently of how much fine-tuning is carried out. In con-
tinuation of this study, future work is intended to be carried
which will analyze an extension of this technique that utilises
sequences of images for video streaming.
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