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Abstract

Engineering hardware platform for a Wireless Sen-
sor Network (WSN) node is known to be a tough chal-
lenge, as the design must enforce many severe con-
straints, among which energy dissipation is by far the
most challenging one. Today, most of the WSN node
platforms are based on low-cost and low-power pro-
grammable microcontrollers, even if it is acknowledged
that their energy e�ciency remains limited and hin-
ders the wide-spreading of WSN to new applications. In
this paper, we propose a complete system level �ow for
an alternative approach based on the concept of hard-
ware micro-tasks, which relies on hardware specializa-
tion and power gating to dramatically improve the en-
ergy e�ciency of the computational part of the node.
Early estimates show power saving by more than one
order of magnitude over MCU-based implementations.

1 Introduction
Wireless Sensor Network (WSN) is a very promis-

ing technology with a large number of potential ap-
plications, ranging from environmental monitoring to
medicine. WSNs are made of a large number of sensor
nodes, each of them consisting of a processing com-
ponent (usually a microcontroller) with wireless com-
munication capabilities (RF transceiver) and various
sensors/actuators. It is widely acknowledged that en-
ergy consumption is one of the major constraints in
WSN infrastructure. As nodes must be low-cost with
reduced scale factors [18], they can not bene�t from
signi�cant power-supply sources. Besides, they often
have to work unattended for long durations and there-
fore must survive with either self-harvested (e.g. solar
cells) or non-replenishing (e.g. battery) sources of en-
ergy.

As of today, most WSN node hardware platforms
are based on low-power microcontroller units (MCU)
such as the MSP430 [17] and the ATmega128 [1] which
provide a low-power processing solution at an a�ord-
able cost. For the task management, they usually rely

on ultra light-weight operating systems (OS) [12, 4, 2]
which reduce OS complexity to its minimum, while pro-
viding user-level abstractions such as threads, event
management, etc. (see Section 2). Even though, the
energy dissipated by such hardware platforms still re-
mains way too high for many potential applications of
WSN and, in that context, the only way to further
improve the computational energy e�ciency is to use
aggressive hardware specialization combined with low-
power design.

We, therefore, propose to replace the MCU by a set
of application speci�c hardware micro-tasks [13], each
of them being tailored to e�ciently implement the re-
quired functionality (e.g. event-sensing, MAC, data-
routing, etc.). By combining this aggressive hardware
specialization (to reduce dynamic power) with VLSI
power optimization such as power-gating (to reduce
static power), we can drastically reduce the energy dis-
sipation of the system.

In this paper, we present LoMiTa (ultra Low-power
Micro-Tasking), a complete system-level design �ow for
designing application speci�c hardware platforms. Fol-
lowing the philosophy of many WSN software frame-
works, this �ow uses a combination of a textual Domain
Speci�c Language (DSL) for system-level speci�cations
(interactions between tasks, event management, shared
resources) and ANSI-C for specifying the behavior of
each micro-task. From such a speci�cation, it is then
possible to generate a synthesizable VHDL description
of the whole architecture, which provides a direct path
to ASIC or FPGA implementation.

We want to clarify that the goal of this paper is
not to propose a new model of execution/computation
for WSN. We rather see our approach as a simple ex-
ecution model chosen so as to be a good match for
what we think is a promising architectural solution for
WSN nodes. Indeed, our experiments show that dy-
namic power savings by more than one order of mag-
nitude can be obtained (w.r.t. a low-power MCU such
as the MSP430). Moreover, we show that the silicon
area overhead caused by the duplication of hardware



tasks remains limited and does not hinder the viability
of the approach.

The rest of this paper is organized as follows. We
start by presenting the literature for energy-e�cient
WSN in Section 2 and describe thoroughly our pro-
posed system execution model in Section 3. Section 4
provides an overview of our software design �ow, and in
Section 5, we present experimental results which con-
�rm the validity of our approach. Finally, we conclude
and draw future research directions in Section 6.

2 Energy-E�cient WSN

It is well known that the main sources of energy dis-
sipation in a WSN node are communication and com-
putation. It is also widely accepted that communica-
tion energy cost dominates in the overall budget, and
that the focus should be on reducing this communica-
tion energy cost. As an example, the use of advanced
digital communication techniques (e�cient error cor-
rection, cooperative MIMO [11]) and network proto-
cols (energy-e�cient routing [16] and/or MAC schemes
such as S-MAC [20], B-MAC [14] and RICER [7]) have
shown to help in improving the energy e�ciency for
communication.

However, these techniques (e.g. LDPC error correct-
ing codes) may signi�cantly increase the computation
workload on the processing component of the system,
which in turn (i) impacts the overall energy budget of
the system and (ii) may require processing horsepower
that would be above the power/energy budget allowed
to typical WSN node MCUs.

As a consequence, improving the computational en-
ergy e�ciency of WSN nodes is an important issue,
which we propose to address through the use of hard-
ware specialization. Indeed, we believe that power and
energy savings obtained through our approach open
possibilities for more computationally demanding pro-
tocols or algorithms, which would in turn provide bet-
ter quality-of-service (QoS), lower transmission energy
and higher network e�ciency.

In the following section, we will provide an overview
of existing approaches to improve power and energy
e�ciency at VLSI (i.e. circuit) and architectural (i.e.
processor) level. We will then introduce the concept of
hardware micro-task on which we base our approach.

2.1 Low-Power VLSI Design

Power dissipation in VLSI devices can be divided
into two categories: dynamic power caused by the tran-
sistor switching (i.e. stage changes) that occurs while
the circuit is operating and static power caused by leak-
age current between power supply and ground. In the
context of WSN, as the node remains inactive for long
periods (MCU duty cycle lower than 1%), the contri-
bution of static power becomes signi�cant and can not

be ignored.
There are many approaches to reduce dynamic

power in a circuit, which can be applied at various
levels of the design �ow. However, many of them are
poorly suited to WSN nodes as they often signi�cantly
increase the total silicon area, and therefore have a
negative impact on static power dissipation.

One exception is power gating, which consists in
turning-o� the power supply of inactive circuit compo-
nents. Power gating helps in reducing both dynamic
and static power, and is thus very e�cient for devices
in which components remain idle for long periods.

The technique consists in adding a sleep transistor
between the actual Vdd (power supply) rail and the
component's Vdd, thus creating a virtual supply voltage
called Vvdd as illustrated in Figure 1. This sleep tran-
sistor allows the supply voltage of the block to be cut
o� to dramatically reduce leakage currents.

The approach has already been used in the context
of high-performance CPUs [6], and FSM (Finite State
Machine) implementations [15] where parts of the de-
sign are switched on/o� according to their activity.
The approach helps in reducing the static power dissi-
pation for FPUs of a high-end CPU by up to 28% at
the price of a performance loss of 2%, for FSMs the
average reported power reduction was also 28%. In
the context of WSN, where nodes remain idle most of
the time, such a technique has obvious advantages, and
is therefore intensively used for implementing the low-
power modes of typical node MCUs, which we describe
in the following section.

2.2 Low-Power MCU Architectures

Microcontrollers used in WSN platforms (such as
MSP430, ATmega128L) share many characteristics: a
simple datapath (8/16-bit wide), a reduced number of
instructions (only 27 instructions for the MSP430), and
several low-power modes allowing the system to select
at runtime the best compromise between power saving
and reactivity (i.e. wake-up time). These processors
are designed for low-power operation across a range
of embedded system application settings but are not
necessarily well-suited to the event-driven behavior of
WSN nodes as they are based on a general purpose,
monolithic compute engine.

For example, Mica2 mote [3] has been widely used
by the research community. It is a complete WSN node
based on a ATmega128L MCU, with I/O peripherals,
an RF transceiver and sensor devices. Measurements
of Mica2 show that its MCU consumes an average
8mA of current when active and approximately 15µA
when in low-power mode. The MSP430F1611 used by
Hydrowatch platform consumes a nominal 500µA [5]
whereas the latest version of MSP430 (MSP430F21x2)
consumes approximately 8.8mW@16MHz.

These power consumptions may seem extremely
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Figure 1. System-level view of a micro-task based WSN node architecture

small compared to that of typical embedded devices,
however when looking at energy e�ciency metrics such
as Joules per Instruction, it appears that the proposed
architectures (e.g. MSP430) still o�er room for im-
provement. In particular, it is clear that the combi-
nation of specialization and parallelism would signi�-
cantly help in improving energy e�ciency. However,
such architectural improvements usually come at the
price of a signi�cant increase in silicon area, which leads
to unacceptable levels of static power for WSN.

In the following, we propose an approach that is
able to improve computational energy e�ciency, while
maintaining the static power at acceptable levels.

2.3 Power-Gated Hardware Micro-Tasks

In the literature, the term micro-task has previously
been used by Wallner [19] in a di�erent context. In
this work, we call a micro-task a specialized hardware
structure which executes parts of the WSN node code.
Contrary to an instruction-set processor, the program
of a micro task is hardwired into an FSM that directly
controls a semi-custom datapath. This makes the ar-
chitecture much more compact (no need of an instruc-
tion decoder, nor instruction memory) and allows the
size of storage devices (register �le and RAM/ROM)
as well as the arithmetic logic unit (ALU) functions to
be customized to the target application.

Each of these micro-tasks can access a local and/or
shared data memory, and can also access peripheral
I/O ports (e.g. SPI link to an RF tranceiver).

Left part of Figure 1 shows the micro-architecture
for such a micro-task (here with an 8-bit data-path),

dotted lines represent control signals generated by the
control FSM, whereas solid lines represent data-�ow
connections between datapath components. Such a
drastically simpli�ed architecture allows for obvious
dynamic power savings compared to a standard MCU
architecture, with a very limited loss in performance
since the datapath is tailored to the application at
hand. However the approach is only valid for �ne-grain
tasks, as the more functionalities are handled by the
task, the less e�cient its specialization will be.

To take advantage of this approach, we therefore
propose to distribute the whole WSN node software
framework among a set of hardware micro-tasks, so
as to maintain a high degree of specialization within
each task. For example, a complete WSN communica-
tion stack uses approximately 3500 instruction, by dis-
tributing the stack functionality onto 7 hardware tasks,
we can reach a average task size of 500 instructions,
which is a granularity level at which we can expect sig-
ni�cant energy improvements. This of course comes
at the price of an (limited) increase in area and more
important, in static power dissipation.

To tackle this static power, we provide micro-tasks
with a power gating mechanism, which allows to turn-
o� the micro-task power supply and drastically reduce
the leakage power. We have shown in a previous work
that the approach was very promising, and that com-
putational energy e�ciency improvements of 8x to 20x
were possible compared to state-of-the-art MCUs, even
for control-dominated code, where architectural opti-
mizations are known to have lesser impact on power
than in pure data-�ow [13].
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2.4 The Issue of Reprogrammability

Of course, our solution has a drawback: it assumes
that the micro-tasks are hard-wired into silicon as
ASIC (Application-Speci�c Integrated Circuit) blocks.
This means that the behavior of each micro-task is
�xed, making post-production upgrade or bug �xing
very costly. This may look like a show stopper, as
�exibility is often of a great concern for WSN system
designers. However, when looking more carefully to ac-
tual design practices, we can observe that the need of
�exibility and reprogrammability is essentially geared
toward the user application layer, which happens to
represent only an extremely small fraction of the WSN
node processing workload. Whereas most of the pro-
cessing workload is almost entirely dedicated to the
communication stack.

Besides, in practice, designing a new WSN appli-
cation usually means adapting a proven existing WSN
software framework to a new user application. In other
words, the communication stack software is generally
reused �as is� and routing algorithms, MAC protocols,
device driver layers remain the same (even if their be-
havior is parameterized). We, therefore, propose to
combine the best of both worlds, that is:

• use a very small silicon footprint instruction-set
processor (8-bit datapath, minimalistic RISC in-
struction set) with a power-gating feature to im-
plement the application layer user software,

• use a distributed system of micro-tasks to handle
the OS-level services of the WSN node (mostly the
communication stack).

Such an approach preserves most of the power/energy
savings provided by specialization, while preserving
programmability at the user application level.

However, managing/specifying interactions between
these tasks raises several other issues which we pro-
pose to address in the following section by proposing
an associated system-level execution model (and its au-
tomated design �ow).

3 An Execution Model for Micro-Tasks

Like most event-driven embedded system applica-
tions, WSN applications can easily be modeled as Task
Flow Graphs (TFG), in which task execution is concur-
rent and may be triggered either by another task or by
a combination of external events be they synchronous
(timer) or asynchronous (wake-up radio).

In typical embedded systems, concurrency, event
management and shared resource management are han-
dled by a real-time embedded OS, which provides ade-
quate constructs for the programmer (preemptive task
scheduling, mutex, etc.). However, such full featured

OSs can not be implemented in WSN nodes due to the
strong constraints on memory footprint.

In this section, we start by outlining the character-
istics of some of the most common OS infrastructures
targeted at WSN, and propose an execution model for
our proposed approach and detail its speci�cities and
limitations w.r.t to the features of standard WSN OS
implementations.

We then highlight the proposed design �ow used to
generate customized micro-tasks from an application
description written in a combination of C (for describ-
ing each task behavior) and a custom textual DSL for
specifying the interactions between tasks (used to gen-
erate a System Monitor (SM), see Section 3.2).

3.1 WSN Operating Systems

TinyOS [12] is one of the earliest and the most com-
monly used OS in WSN platforms. TinyOS provides
a component-based event-driven concurrency model,
which focuses on optimizing power usage. TinyOS ex-
ecutes tasks without preemption and follows a run to
completion semantic. This forces the programmer to
split each application functionality into many distinct
tasks so as to accommodate the absence of blocking
statements, and makes the programs more di�cult to
write and debug compared to standard thread-like con-
structs.

Contiki [4] is another WSN-speci�c OS proposed by
Dunkels et al. It features an event-driven kernel where
multi-threading is not present as an inherent feature
but can be implemented as a library that is linked only
with programs that explicitly require it. Contiki uses
a notion of protothreads: a programming abstraction
providing a conditional blocking statement to simplify
the event-driven programming for memory constrained
systems. In Contiki protothreads is stack-less i.e. local
variable content is lost whenever the scheduler switches
from one protothread to another.

MANTIS Operating System (MOS) [2] uses a tra-
ditional multi-threaded approach. It o�ers a time-
sliced approach in which an interleaved concurrency
of multi-threading is used to prevent one long-lived
task from blocking execution of a second time-sensitive
task. However, a larger memory resource is needed for
thread-management as task preemption requires that
the complete stack of a preempted thread is to be saved.

3.2 Proposed System Model

Figure 1 represents a system level view of a WSN
node platform designed according to our proposed ap-
proach. Such a system consists of :

• A programmable instruction-set processor, that is
used to implement the application level code.
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• A set of power-gated hardware micro-tasks access-
ing shared resources (e.g. peripherals (RF, sensor)
and memories).

• A hardware System Monitor (SM) that controls
the execution of all the micro-tasks along with the
application processor.

• Event triggering peripherals (such as wake-up ra-
dio, Timer) that can send events to SM.

3.2.1 Events and Commands

In our approach, we use command and event message
structures between SM and micro-tasks similar to those
of TinyOS. A command is a control signal initiated
by SM toward a micro-task enabling the start of its
operation. On the other hand, an event is a control
signal input to SM.

Dotted lines in Figure 1, represent command signals
driven by SM to the micro-tasks and shared memories.
Solid lines represent events sent back to SM. Events
can be of two types:

• An internal event which is generated by a micro-
task indicating its termination or preemption (in
case of a sub-routine call).

• An external event which is generated by an exter-
nal peripheral that can serve as wake-up call from
shut-down mode.

3.2.2 Micro-Task Activation/Deactivation

The SM, responsible for activating and/or powering
o� micro-tasks/memory blocks upon reception of an
(a combination of) event(s), is itself implemented as
a combinational FSM and a set of status and event
registers. The status registers save the activation sta-
tus of the micro-tasks and are controlled by the FSM
whereas the event registers are used to save the incom-
ing events until they are consumed. The FSM is, in
turn, activated by periodic (timer event) and/or aperi-
odic external events (wake-up radio link, push button
or sensor triggered events). Figure 2 shows the generic
template of an SM.

In our execution model, we restrict ourselves to
micro-tasks following a run-to-completion semantic, as
in the case of TinyOS tasks. This ensures that a given
micro-task will never reach a state in which it is active
while not executing useful computation (i.e. blocked
waiting for some event).

In addition, we make sure that at a given time in-
stant there may not be two active tasks sharing an
access to a same shared resource. This property is en-
sured (in a conservative way) by the SM which makes
sure that, prior to activating a candidate task, there

are no other active tasks that need access to a resource
that may also be used by the candidate micro-task.

In the following paragraphs, we review the most no-
ticeable speci�cities of our execution model. We also
compare them whenever possible with those of existing
software OS for WSN.

3.2.3 Concurrency Management

Both TinyOS and Contiki allow the programmer to ex-
press concurrency in their application through the use
of specialized constructs such as Protothreads for Con-
tiki, Tasks for TinyOS. One of the goals of such non-
standard constructs is to help reducing context switch-
ing and task scheduling overhead.

In our approach, as we rely on several physically dis-
tinct hardware micro-tasks, we provide a natural sup-
port for concurrency and task level parallelism, and
don't have to pay for any context switching overhead.
Similarly, scheduling does not have any execution time
overhead, even if we must take into account the extra
silicon area required by SM.

Another advantage of the approach, lies in the fact
that shared resources such as memory or I/O ports
are much easier to handle than in a standard multi-
processor architecture, thanks to the power gating fea-
ture. Indeed, since no two tasks sharing an access to
a same resource can be active (i.e. powered-on) at the
same time, we can save the typical extra tri-state (or
mux) logic used to share data/address bus lines, which
results in savings in terms of power and energy.

3.2.4 Task Hierarchy and Granularity

As mentioned in Section 1 and illustrated in Section 5
the power savings obtained through specialization are
sensitive to the task computation granularity, the size
of which should remain in the order of a few hundred
of assembly level instructions to enable signi�cant sav-
ings.

A natural way to control the granularity of a task
in an imperative language is through the use of sub-
programs. In our execution model, we o�er two ways
for handling sub-routine calls made within a micro-task
speci�cation.

The �rst one is straightforward and consists in inlin-
ing the sub-routine calls, this increases the task gran-
ularity, and is acceptable for small sub-program calls.
The second one is more complex and consists in gener-
ating a child micro-task dedicated to the sub-program
execution. In latter case, the parent (i.e. caller) micro-
task directly activates its child micro-task and as the
child micro-task is also power gated, it only marginally
contributes to the power budget, while helping in main-
taining a high level of specialization within the parent
task.
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4. Software Design Flow

Of course, even the soundest execution model is use-
less without a supporting solid software design �ow,
which allows the programmer to proceed directly from
as speci�cation written in a high level language to an
executable speci�cation, which in our case consists of
an RTL description of the whole hardware system.

This section provides an overview of our software
framework for designing micro-task based WSN plat-
forms. It consists of two parts: (i) a customized ANSI-
C to hardware compiler which is used to generate the
HDL (Hardware Description Language) speci�cation
(namely VHDL) of a micro-task, given its behavior in
ANSI-C (ii) a DSL, used to specify the system organi-
zation and the micro-tasks interactions, that is used to
generate the VHDL code for the SM.

Our complete design �ow is summarized in Figure 3:
we start from the application task descriptions written
in ANSI-C and a system-level description of task inter-
actions in DSL to derive the behavior of SM and close
the path to hardware generation.

4.1 Micro-task Hardware Synthesis

The generation of the hardware description of a
micro-task is done automatically in our �ow, starting
from a software speci�cation of the task behavior in
ANSI-C. Here we will only outline its main character-
istics (for details, see [13]).

Our �ow builds on the GeCoS compiler infrastruc-
ture [8], a retargetable compiler framework for ASIP
(Application Speci�c Instruction Set Processors). It
extends typical features of a retargetable compiler by
selecting a minimalistic processor datapath template

on which all the micro-task instructions are executed.
The datapath template is chosen so that to avoid per-
formance degradation in terms of architectural e�-
ciency (in other words the number of cycles required
to execute a task with our approach is comparable to
that of an MSP430).

Then, instead of producing machine-level code, our
�ow generates the VHDL descriptions of the micro-task
FSM controller and customized datapath.

4.2 System Monitor Synthesis

As far as the system-level description of a WSN
node is concerned, we provide a simple Eclipse-based
DSL which is used to describe the components of a
system: micro-tasks, events, shared memories and pe-
ripherals, etc. The textual DSL was developed using
Xtext, an MDE (Model Driven Engineering) frame-
work, and generates VHDL description for the SM.
Fig. 4 shows a snapshot of a WSN-node system de-
scribed using our DSL. This system communicates with
a radio transceiver through SPI interface.

For each micro-task in the system, we specify its cor-
responding sub-program name, event con�guration un-
der which the task can be activated, read/write-access
to shared resources and events produced by the task.
Similarly, for each global variable of the application
code we specify which memory block is used as storage
component. Using all these informations, we derive the
guard expression for the activation of each micro-task
present in the system.

As an example, a micro-task TN can only be acti-
vated when the following conditions are met:

• The internal and external event signals present in
TN 's event con�guration are true.
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• The event signals present in the event con�gura-
tion of a task TM are false where TM is a task
sharing a memory or I/O resource with TN .

Using the above mentioned conditions, we derive the
guard condition expression for TN :

CGN
= EAN

&∀TM
not(EAM

)&∀TI
not(EAI

)

where EAN
is the event con�guration for TN acti-

vation, TM is a micro-task sharing a memory resource
with TN and TI is a micro-task sharing an I/O resource
with TN . The status registers holding the activation
status of the micro-tasks are controlled by the guard
expression derived above.

5 Experimental Validation

Several attempts have been proposed to pro�le the
workload of a generic WSN node. Two of the recent
application benchmarks for WSN are SenseBench [10]

Figure 4. A snapshot of the system DSL

and WiSeNBench [9]. We have used our software de-
sign �ow to generate micro-tasks for several tasks ex-
tracted from these benchmarks. This section presents
some experimental results obtained for power dissipa-
tion of these micro-tasks.

The micro-task VHDL designs have been synthe-
sized for 130 nm CMOS technology using Synopsys's
Design Compiler. We used these synthesis results
to extract gate-level static and dynamic power esti-
mations assuming a 16MHz clock frequency. These
results were compared to the power dissipated by
an MSP430F21x2 using (i) the datasheet information
(8.8mW @ 16MHz in active mode) which includes
memory, peripherals and (ii) statistical power estima-
tion for an MSP430 clone (0.96mW @ 16MHz), with-
out program memory.

We expect the actual power dissipation of the
MSP430 core along with its program memory to lie
somewhere in between the two results, and compare
our results to both of them.

The results are given in Table 1 where column 2 and
3 show the number of MSP430 instructions and FSM
states respectively. Similarly, column 4 and 5 show the
power consumption of each micro-task and the power
improvements over an MSP430 software implementa-
tion using (i) datasheet and (ii) statistical estimation
respectively. It can be observed that, for micro-tasks
of di�erent benchmark applications, and in the less fa-
vorable case, power bene�ts of at least x20 can be ob-
tained.

In addition, column 6 gives us the silicon area used
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Table 1. Power consumption for micro-tasks
of various benchmark applications.

Task #MSP430 #StatesPower Gain Area
Name Instructions in FSM (µW) (×) (%)

absolute 14 38 32.0 204/29.57 6.8 %

binSearch 43 103 34.0 194/26.88 7.8 %

bpHash 31 76 33.5 197/27.84 7.2 %

crc8 43 75 33.5 197/27.84 7.1 %

tea-Decipher 152 588 29.2 151/20.54 18 %

tea-Encipher 149 582 28.1 156/21.1 16.5 %

factorial 27 71 33.0 199/27.07 6.8 %

�ndMin 24 62 33.0 200.5/28.8 6.4 %

�r 58 173 34.5 186/26 6.5 %

sumArray 19 51 33.0 203.5/29.56 6.3 %

by each micro-task as a percentage of that of the open-
source MSP430-core. Hence, we also show that the
silicon area used by most of the micro-tasks is quite
small, and is extremely competitive w.r.t to that of
an MSP430. This suggest that a system made of 5-
7 micro-tasks would have the same foot-print as an
MSP430-core.

For the sake of completeness, we also synthesized
the VHDL generated for the SM of a data-exchanging
WSN node and it shows that it consumes only 12µW
(@ 16MHz) and area overhead is only 2% of that of an
MSP430-core.

6 Conclusion

In this paper, we have proposed an original approach
for optimizing the energy e�ciency of WSN node plat-
form. Our approach is based on power-gated micro-
tasks which are implemented as parallel specialized
hardware blocks. The paper details a system-level exe-
cution model well suited to the approach and compared
its merits with those of currently available OS-based
WSN systems.

To show that the approach has signi�cant bene�ts in
terms of energy e�ciency, we also presented power es-
timations for various micro-task speci�cations adapted
from WSN application benchmarks. Synthesis results
show that, compared with an MSP430 MCU, energy ef-
�ciency improvements by more than one order of mag-
nitude are possible.

Our future work will mainly consist in implementing
a complete WSN application following our approach
so as to be able to quantify more precisely achievable
energy improvements.
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