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ABSTRACT

This paper describes implementation of a part of JPEG2000 algo-
rithm (MQ-Decoder and arithmetic decoder) on a FPGA board us-
ing dynamic reconfiguration. Comparison between static and dy-
namic reconfiguration is presented and new analysis criteria (time
performance, logic cost, spatio-temporal efficiency) are defined.
MQ-decoder and arithmetic decoder can be classified in the most
attractive case for dynamic reconfiguration implementation: appli-
cations without parallelism by functions. This implementation is
done on an architecture designed to study dynamic reconfiguration
of FPGAs: the ARDOISE architecture. The implementation ob-
tained, based on four partial configurations of arithmetic decoder
allows reducing significantly the number of logic cells (57%) in
comparison with static implementation.

1. INTRODUCTION

Nowadays, FPGAs rising performances enable to increase the de-
sign complexity. However, the FPGA logic increasing are corre-
lated to electrical consumption, this factor could not be ignored,
specially for embedded applications. The dynamic reconfigura-
tion of FPGAs (partial or global) can be a solution that permits to
use a smallest FPGA and to reconfigure it several times during the
processing. Consequently an analysis to evaluate advantages and
inconvenience of static and dynamic configurations of FPGAs is
proposed and some analysis criteria have been defined. This pa-
per proposed to study the dynamic reconfiguration impact on an
implementation of the JPEG2000 image compression algorithm.
JPEG2000 algorithm is more flexible than baseline JPEG, some
parameters are adapted to obtain the better compression in function
of images to process (medical, satellite, natural images, text) or
of the application (numeric photography, Web images), of course
JPEG2000 is also more complex and its implementation require
more logic resources. The study is focusing on MQ-decoder of
JPEG2000 algorithm, this part is independent of selected parame-
ters and then its implementation can be used in many applications
(it is used in the JBIG decoder). Moreover, MQ-decoder is a part
of EBCOT, which is the more complex part of JPEG2000. That’s
why this part has been chosen to be implemented on FPGA and
particularly on ARDOISE architecture (designed to study partial
fine grained dynamic reconfiguration of FPGAs).

2. CRITERIA ANALYSIS OF STATIC AND DYNAMIC
IMPLEMENTATIONS

The analysis of the static implementation will be carried out
through the evaluation of two criteria [1]. The first represents
the implementation cost and the second its performances. The
cost will be designated here by the number of Configurable
Logic Block or CLBs (i.e., CostCLBs = NStat CLBs =
computation cells + control cells) used to implement the al-
gorithm. Lower is this number, better is the implementation. The
performance criterion can be given by the necessary execution
time TStat exec to accomplish the application. TStat exec will be
expressed only by the product of the number of pixels N (image
size) to be processed and the iteration period TStat iteration of
the algorithm. In the same manner, the dynamic cost is defined
by NDynam CLBs and the performance criterion by TDynam exec.
With equal performances the contribution of the dynamic reconfig-
uration will be given by the ratio:

NStat CLBs − NDynam CLBs

NStat CLBs

× 100% (1)

For some applications using dynamic reconfiguration, it may be
preferable to have less performance in order to benefit from reduc-
tions in cost (in number of CLBs). It is necessary, in this situation,
to oppose the reduction in cost to the loss in performances. The
spatial efficiency, the temporal efficiency and the spatio-temporal
efficiency are defined as:

ρspatial =
Nactives CLBs

NCLBs

(2)

ρtemporal =
Texec

T
(3)

ρspatio temporal = ρspatial.ρtemporal (4)

=
Nactives CLBs

NCLBs

.
Texec

T

Case with / without parallelism by functions

The application may (or not) present a pipelined structure and also
its execution time on a static FPGA (in static mode) can be less
then the image acquisition time (M.N.TStat Iteration < T ). This
case, the static implementation has a spatio-temporal efficiency
lower than 1. The spatial efficiency is lower than 1 because all
the tasks are loaded into the FPGA at the beginning of the applica-
tion but only one is active at a time. Moreover, if the static FPGA
used is too fast (compared to the application requirements), it will
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be inactive during a fraction of the image acquisition time. Thus,
the temporal efficiency obtained is less than 1.

Fig. 1. Static and dynamic implementation with spatio-temporal
efficiency lower than 1.

2.1. Discussion of static implementation:

The cost and the performance for the static implementation are
given by equations:

CostStat = NStat CLBs (5)

=

M
X

i=1

NTaski CLBs + NControl CLBs

PerfStat = TStat exec (6)
= M.N.TStat iteration + Tidle = T

One can notice the presence of Tidle in the relation PerfStat. This
idle time is taken into account in the static performance because it
corresponds to the mismanagement of the available time.

2.2. Discussion of dynamic implementation:

In this case, it will be shown that (by using dynamic reconfigura-
tion) logic resource decrease and processing frequency increase,
with the same performances than in the static case. The iteration
frequency of the dynamic implementation fDynam iteration can
even be lower than the iteration frequency of the static implemen-
tation. A faster dynamic FPGA can be also chosen (for such appli-
cation) so as to decrease the number of necessary CLBs. The cost
and the performance for the dynamic implementation are defined
by equations:

CostDynam = NDynam CLBs (7)

=
M

max
i=1

(NTaski CLBs + NControl CLBs)

PerfDynam = TDynam exec = TStat exec = T (8)
= M.N.TStat iteration + Tidle

= M.N.TDynam iteration + M.TConfig

GCLBs =
NStat CLBs −

M
max
i=1

(NTaski CLBs)

NStat CLBs

× 100% (9)

The necessary iteration period is such that:

TDynam iteration = TStat iteration +
Tidle

M.N
−

TConfig

N
(10)

The idle time of the static implementation has a positive effect
on the iteration period of the dynamic implementation. If the re-
lation (10) is verified, then the dynamic iteration frequency can be
weaker than the static iteration frequency.

(Tidle)Stat ≥ M.TConfig (11)
⇒ TDynam iteration ≥ TStat iteration

One manages thus to obtain a gain in area and in frequency by
the use of the dynamic reconfiguration.

3. MQ-DECODER IN JPEG2000 NORM

Standard JPEG2000 [2] can be divided into several successive
blocks as shown in figure 2.

Fig. 2. JPEG2000 specification block diagram.

Original image is divided into tiles after components transform
(see figure 2). A discrete wavelet transformation is then performed
on each tile component and a set of two-dimensional sub-band sig-
nals is obtained, each representing activity of signal in various fre-
quency bands, at various spatial resolutions. All resolution levels
are then divided into code-blocks. Then, coefficients of these code-
blocks are quantized and separated into bit planes. Starting with
the most significant bit plane, they are coded according to their
”significance” and their context following three successive passes
(significance, magnitude refinement and cleanup passes). At this
point, resulting bits from these passes and associated contexts, are
sent to an arithmetic coder. Finally, these coded data are formatted,
following the syntax defined in the standard to form the final bit-
stream. These last three modules form EBCOT (Embedded Block
Coding with Optimisation Truncation). EBCOT is composed of
two parts: ”Tier 1” and ”Tier 2”. The part selected for implemen-
tation is ”Tier 1”, i.e., coefficients bit modelling and entropic cod-
ing. Procedures corresponding to this part of algorithm are found
in [3]. The block diagram of the MQ-Decoder is shown with more
details in figure 3.

After initialization, all elements of the bitstream are decoded
in one of the three decoding passes which are performed succes-
sively. Contexts, i.e. state of significance of eight nearest neigh-
bors of processed bit, are initialized and modified in decoding
passes by ”decoder of bit plane with adaptive context”. There are
19 possible values for the context: 9 for significance pass (from
0 to 8), 5 for coding of the sign (from 9 to 13), 3 for refining
pass (from 14 to 16) and 2 for cleanup pass (17 and 18). During
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Fig. 3. MQ-Decoder schema.

these decoding passes, one procedure is called regularly: the MQ-
Decode procedure. This procedure is based on the probability of
contexts obtained in preceding passes.

4. ARCHITECTURE USED FOR IMPLEMENTATION:
ARDOISE

In order to implement this application, architecture named AR-
DOISE (Architecture Reconfigurable Dynamically Oriented Im-
age and Signal Embedded) has been done. The ARDOISE project
was lead within several French laboratories. The main goal is to
evaluate the performance of an architecture dedicated to the real
time image processing based on FPGA dynamic reconfiguration
(global or partial) [5]. The selected FPGA in this architecture is
an ATMEL FPGA of the AT40K40 family. This FPGA family has
been selected in view of its very precise reconfigurations: each
CLB of the FPGA is configurable independently of others. For all
others FPGAs families (for example XILINX), basic element of
configuration is column of CLBs (named ”frame” by XILINX).

Fig. 4. Different boards of ARDOISE architecture.

DSP board is used as an interface between mother board based
on an FPGA and computer. It is used to transmit configuration
files to daughter boards. The main task of FPGA mother board is
to manage the configuration of different daughter boards.

5. IMPLEMENTATION OF MQ-DECODER ON ARDOISE

This part of JPEG2000 algorithm requires many resources (high
number of operations and memory accesses for one processed bit
[7]). In proportion, EBCOT requires 70% of total computing time
of decoding algorithm and wavelets transformation 20%, remain-
ing 10% correspond to all others processes. The first part of imple-
mentation is related to MQ-Decode procedure. Indeed, this proce-
dure is the basic element of EBCOT. It is used in different decod-
ing passes. This procedure owns 3 distinct phases: a first phase
of initialisation, MQ-Decode phase and a normalization’s phase of
registers. The second part of implementation is related to the use

of MQ-Decode procedure in three passes of arithmetic decoder.
Indeed, it is always necessary to have values related to contexts.
Then, it is judicious to store these values in internal RAM mem-
ory of FPGA, and not in external one, because repeated accesses
to extern storage elements are expensive both in time and in logic
resources, as well as in current consumption. Thus, this part will
always be inside FPGA. It will remain set while the rest of FPGA is
reconfigured. Implementation on the ARDOISE board of this part
of algorithm requires 4 configurations. The first one (see figure
6) corresponds to initialisation of MQ-Decoder and significance
states for each element of the code-block. It is used only one time
at the beginning of the decoding passes of code-block. The second
one corresponds to first pass of decoding (significance), the third
correspond to second pass (magnitude refinement) and the fourth
corresponds to last pass (cleanup). During processing, values of
contexts stored in internal RAM memory of FPGA are preserved.
In these configurations, except initialisation, MQ-Decoder is al-
ways implemented in FPGA.

Fig. 5. Temporal representation of 4 partial configurations.

Fig. 6. Spatial representation of 4 partial configurations.

MQ-Decoder was implemented in dynamic reconfiguration
(2 partial configurations) on ARDOISE architecture (1362 CLBs
used out of 2304 and 21 blocks RAM used out of 144 for the first
configuration, i.e. initialisation of MQ-Decoder phase, and 1447
CLBs used out of 2304 and 21 blocks RAM used out of 144 for
the second configuration, i.e. main part of MQ-Decoder). The re-
main part ”Tier 1” of EBCOT, i.e. binary modelling of coefficients
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Table 1. Comparison of results obtained for static and dynamic
cases

Static Dynamic Gain
configuration configuration Dynamic/

Static
Cost (CLBs) 5380 2304 57%
Performance 21.6 ms 22.6 ms - 4.6%

ρspatial 0.78 1 28%
ρtemporal 0.18 0.19 5.5%

ρspatio temporal 0.14 0.19 35.7%

(three successive passes of decoding), have been implemented by
reusing MQ-Decoder implementations. Contexts are initialized at
beginning of decoding of each code-block and evolve according to
decoded data. It is necessary to preserve implementation of MQ-
Decoder during all Tier 1 part of decoding and to use remain area
of FPGA to implement with partial dynamic reconfiguration dif-
ferent passes of decoding one after the others. Figure 6 shows the
spatial repartition of 4 configurations in FPGA and figure 5 shows
the temporal repartition of tasks in static and dynamic cases. The
ATMEL AT40K40 FPGA is fully reconfigurable in 337µs [8]. The
maximal frequency of use for this FPGA is up to 100MHz [9].
Considered code-blocks have here the size 32 × 32. So, maximal
number of execution cycles and then execution time in function of
frequency for each pass are estimated to 721920 for a code-block’s
complete decoding. With a working frequency of 33MHz, compu-
tation time is 21.6ms. If working frequency is 100MHz, compu-
tation time is 7.2ms. The total reconfiguration time considered in
this case, is 1ms (4 partial reconfigurations). So, execution time
obtained for dynamic reconfiguration is: TDynam exec = 8.2ms
(at 100MHz) and TDynam exec = 22.6ms (at 33MHz). In static
implementation case, computation time is identical to computa-
tion time for dynamic reconfiguration because all is sequential
in passes. In this case, there is no parallelism by functions and
only benefit with dynamic reconfiguration is FPGA area’s gain.
One can consider that total area of the AT40K40 FPGA is used
with dynamic reconfiguration and number of CLBs needed for
static implementation of arithmetic decoder can be estimated. The
cost for static implementation is obtained as follow: CostStat =
NStat CLBs = 1362 + 1447 + 3 × (2304 − 1447) = 5380
CLBs (so, at least 3 AT40K40 FPGAs are needed for complete
implementation in static case, i.e., 6912 CLBs). The dynamic im-
plementation’s cost is: CostDynam = NDynam CLBs = 2304
CLBs. The gain in CLBs obtained by using dynamic reconfigura-
tion is given by : GCLBs = 57%. With dynamic reconfiguration,
CLBs’ gain obtained in this particular case is 57% in comparison
with static implementation of this application. The value T = 40ms
(standard video) is chosen as a reference to calculate the efficiency
for each case. The working frequency is 33MHz and the maximal
working frequency is fmax = 100MHz. In this particular case,
efficiency of implementation based on dynamic reconfiguration is
better than efficiency of implementation based on static configura-
tion.

6. CONCLUSION AND PERSPECTIVES

The presented implementation demonstrates that dynamic recon-
figuration allows implementations of complex algorithms on small
FPGAs. In this case, the selected algorithm illustrates dynamic

reconfiguration advantages in applications without parallelism by
functions. Using dynamic reconfiguration to obtain an implemen-
tation both MQ-Decoder and arithmetic decoder allows to save
logic cells in FPGA (the CLBs’ gain of dynamic reconfiguration in
comparison with static configuration is 57%). Moreover, the dy-
namic reconfiguration optimizes the use of FPGA logic resources
in time (better spatio-temporal efficiency for dynamic reconfigu-
ration than for static one). Minimizing the logic resources can
obviously decrease system price or enables the reuse of this area
to implement other parts of JPEG2000. The dynamic reconfigu-
ration is not limited by FPGA family so a comparison with Xil-
inx products has been performed. Dynamic reconfiguration pro-
posed by Xilinx FPGAs, is less precise (coarse grain reconfigu-
ration) than ATMEL FPGAs (fine grain configuration). However,
Xilinx FPGA is proposing families with very high number of log-
ical cells (≤ 8 millions gates). MQ-Decoder implementation was
also fully implemented in a Xilinx Virtex II XC2V250 FPGA (ap-
proximately eight times the size of AT40K40 FPGA). The imple-
mentation can be achieved with 491 slices on a total of 1536, i.e.
32% of the FPGA logical cells. The saved logic resources, will
enable several MQ-Decoder blocks to be implemented, then the
number of code-blocks processed in parallel is increasing and pro-
cessing time for the whole image is reduce. Dynamic reconfigura-
tion, for this type of algorithms, can represent a promising solution
to reach real time performance or/and reducing production system
costs (smaller FPGA).
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