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Abstract
Purpose:
This article deals with modelling and design of embedded autonomous microsystems able to
harvest energy from their close environment. Due to their numerous functionalities, progress
in electronics and the development of wireless applications, microsystems are used in a wide
range of applications. Moreover, they require a large autonomy to ensure reliability and avoid
maintenance operations. We focus on energy harvesting to power them to replace the
conventional energy source with an energy harvester. Different sources can be used but one
difficulty is to select the most adapted to a specific application and choose the energy
harvester architecture to get an efficient system.

Method:
A decision support to design autonomous microsystems working by harvesting energy is
proposed. It aims to support designer’s decisions from qualitative representation to physical
models. Our approach is based on the identification, analysis, modelling and minimization of
antagonist flows and effects through a system-level model to estimate the energy that can be
harvested.

Result:
The method is illustrated through a validation case dealing with the displacement and
deformation measurement of a cantilever beam with an accelerometer. The aim is to choose
the energy source and the architecture of the energy harvester to satisfy the requirements.

Discussion & Conclusion:
Through the application, this paper demonstrates the relevance of our tool in aiding the
design of the energetic part of an autonomous embedded microsystem. We can also note
that our top-down approach can be use as a decision tool.

1 Introduction
This paper presents a new approach to model and
design embedded autonomous microsystems able to
harvest the energy from micro-sources of the
environment. This is an important issue because the main
limitation of actual microsystems is their power supply.
Indeed, batteries are not adapted to autonomous
microsystems because of their limited lifetime.
Consequently, energy harvesting is used to replace
batteries. This notion is explained in the following section.
Usually, several energy sources exist in the environment
of a microsystem. Select the best one is a difficult task
that will influence the energy harvester architecture and
the microsystem's performances. As a result, we propose
a decision support to design autonomous microsystems
powered by ambient micro-sources in complex energy
environments, through a system level modelling.
Our method breaks down into four parts: entity
identification and description, aid to embodiment design
of the energy harvester, system level modelling and
detailed design. The global method focuses on the
analysis of antagonist flows and effects.
The first phase is based on a functional approach.
Distinct entities are distinguished: Sources, System and

Sinks. The designer needs to describe the environment,
identify and quantify the energy sources. Then, criteria are
defined to select the energy sources by considering the
environment and the constraints of the application. Later,
the energy harvester architecture is chosen and a system
level model of the microsystem is implemented to
evaluate the global autonomy. Finally, the model of every
block is refined through specific design software
programs. Moreover, as microsystem design is a
multiphysic task (electronics, mechanics, automation, etc.)
we are working on the creation of gateways between the
different programs to make detailed design easier.
To support our method, we developed a tool in Java
connected to databases.
To conclude, the method is based on a top down
approach and guides designers to choose components,
materials, technologies and architectures. It helps them to
define the global structure by coupling the different
engineering fields from the early phases of the design
process and leads to the definition of models.
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2 Autonomous microsystems and
energy harvesting
A microsystem is a compact, miniaturised and
multifunctional intelligent device integrating sensor and/or
actuator associated to their processing unit [1] [2] [3] (Fig.
1). It can exchange data and communicate with the
external environment or with other microsystems [4].
The originality of our work comes from the
consideration of energy harvesting, in the design process,
to replace batteries. This is possible with microsystems
having very low power consumption [5] [6]. Energy
harvesting represents the conversion of the available
energy in the surrounding environment of the
microsystem (also called ambient energy) into exploitable
energy. Different sources can be used like sunlight [6] [7],
thermal gradient [8], human activities [9], etc. [10]. When
considering energy harvesting, the energy source is thus
replaced by an energy harvester composed of (Fig. 1):
an energy converter to convert the input energy into
electrical energy
voltage converters to rectify and adapt the signal to
the rest of the circuit
a storage element to ensure the presence of power
for the system operation
an energy management and control unit to maximise
the system's efficiency.
Microsystem design is really dependant on the
application and represents a multidisciplinary task.
Indeed, energetic engineering intervenes in the choice
and the energy source modelling. Then, non electrical
knowledge (mechanics, material science, optics, etc.) is
needed for energy converter selection and design
whereas electronic engineering is dominant when dealing
with voltage conversion and is combined with automation
for the management and control of the global system.
Regarding this last point, the automation part is limited to
embedded software but its impact can be evaluated [11].
In other words, microsystem design is as a large scale
engineering problem including multiple components
(electronic circuits, mechanical elements, etc.) and
multiphysics (mechanics, electronics, energetics, etc.) [4].
It requires the collaboration of specialists in distinct
engineering fields.

Energy management
system
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Energy
Data
Ambient energy
source
(M, El, En)

Energy
converter
(El, En)

Voltage
converter
(El)

Communication interface
Orders
(El)

Actuator
(M)

M
El
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A

Entity identification and
description
Validation

System and environment definition
Energy sources identification
Aid to embodiment design
Energy source classification and selection
Architecture selection
Estimation of energy consumption
System-level modelling

Energetic losses and harvested energy evaluation
Autonomy estimation
High level models
Detailed design
Specific models
Global design
Autonomy evaluation
Fig. 2 Global approach

Moreover, to support our approach, we developed an
interface in JAVA that is connected to a database. It helps
designers to make choices by providing data from the
literature and can also be enriched by new results.

3.1

Entity identification and description

3.1.1

Objectives

Storage
element
(El)

Measurements
Control processing
(El, A)

Specifications

Energy harvester

Energy source

Sensor
(M)

The starting point of this approach is the application
and more precisely environmental constraints and
autonomy requirements.
Our decision support system can be divided into four
main phases, as illustrated in Fig. 2:
entity identification and description
aid to embodiment design of energy harvester
system level modelling and energy estimation
detailed design
These different steps are described hereafter.

Mechanical engineering
Electronic engineering
Energetic engineering
Automation

Fig. 1 Global architecture of autonomous microsystems

3 Decision making approach

Due to the increase in functionalities, microsystems are
used in a wide range of applications like automotive
industry, medical field or monitoring operation. As a
consequence, their behaviour is highly dependant on their
environment. This is particularly true when dealing with
microsystems able to harvest ambient energy to work.
Indeed, the nature and quality of the sources vary from
one place to another one.
The aim of this first point is to identify, qualify and
quantify all the entities involved in the application and the
energy sources that are present in its surrounding.

Our multidisciplinary decision making approach starts
between the conceptual and embodiment design phases.
It begins with qualitative data to get quantitative ones.
June 15th – 17th, 2011, Venice, Italy
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Decision support system to design autonomous microsystems

Approach

A microsystem is a system including some
functionalities like the environment perception (sensor),
data treatment and analysis, decision making,
communication with the external world or action on the
environment.
Thus, our approach adopts a functional point of view
[12]. We distinguish the System (the energy harvester)
and the Super-System (the surrounding environment).
Among the environment, we define specific entities called
Source and Sink. A Source can either emit or receive
flows from the System or the Super-System and a Sink is
a tank absorbing flows. Typically, for an autonomous
microsystem, a Source is an energy source like solar
radiation or thermal energy and the Sink is a sensor or an
actuator.
Then, a physical breakdown is done to identify the
functional flows through the studied elements and the
interactions between them [13]. It is mainly based on
Product Breakdown Structure (PBS) and Functional Block
Diagram (FBD) [4] [14]. They give a detailed
representation of the Super-system and identify the
interaction between entities of System and Super-system
and flows circulating between them (Fig. 3). These
interactions can be physical, sensorial and cognitive [15]
and are direct (they associate the System and an element
of the environment) or indirect (they link two elements of
the environment). Interaction diagram is used to represent
these interactions [1].

Fig. 4 Entity identification and description tab

Furthermore, the interactions are defined and the graph
of interactions is generated. Each interaction is defined by
a name, a type (physical, sensorial and cognitive) and a
characteristic (contact or contactless). Also, flows
associated to these interactions are characterized through
the functional base proposed by Hirtz et al. [16]. More
precisely, each flow is associated to a primary class, a
secondary class and dual variables (see Tab. 7 in
Appendix) (Fig. 5 and Fig. 6).
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Fig. 3 Entity description

3.1.3

Tool: entity identification and description tab

As mentioned previously, we developed a tool to
support our approach. Three tabs are dedicated to the
description of the distinct entities including Sources and
Sinks. They are defined through the following parameters
(see Fig. 4):
name
class (radiant, mechanical and thermal energy)
function
comments.
This definition format enables to save and reuse data
for other projects.

June 15th – 17th, 2011, Venice, Italy

Fig. 5 Interaction tab
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b) Select energy harvester architecture and estimate
energy

Fig. 6 Graph of interaction

3.2

Aid to embodiment design

3.2.1

Objectives

According to the selected energy source, different
possibilities exist to design the energy harvester.
The energy harvester breaks down into functional
blocks: Converter, Transmitter, Operator and Controller
(CTOC logic) [14].
A Converter transforms the input flow into another type
with a change of nature. A Transmitter ensures flow
transmission without any nature changes. An Operator is
either a converter or a transmitter and the Controller
supervises the passage of the functional flow.
For the energy harvester, the architecture is
represented on Fig. 7. The Converter is an energy
converter that transforms the energy from the source into
electric energy. The Transmitter is a voltage converter to
adapt the signal to the rest of the circuit. The Operator is a
storage element and can associate a supercapacitor to a
battery. Finally, the Controller is a power conditioning
circuitry.
Source

The second part of our approach deals with
embodiment design for the energy harvester. The
objectives are to qualify and quantify the energy sources
and select the energy harvester architecture before
quantifying the energy that can be collected.
A classification of the energy sources is thus obtained.
Then, possible architectures are proposed to get a rapid
energetic balance.

3.2.2

Sensor
Energy harvester

Energy converter

Voltage converter

Storage element

Control and process unit

Approach

Fig. 7 Representation of the energy harvester

a) Qualify and quantify energy sources
To classify the energy sources, we defined four high
level criteria: relative distance, relative intensity, relative
nature and flow characterization [17].
Relative distance (D): the aim is to minimize the
distance between the Source and the microsystem to
limit the introduction of transport elements leading to
energetic and economic losses.
Relative intensity: this criterion is divided into three.
We consider the magnitude (M), variation (∆) and
rhythm (F). Through this criteria, Sources providing
power in the same range as the one needed by the
System are favoured to restrict converter number and
thus minimise energetic losses. However, the
available energy should be sufficient enough to
overcome the whole losses caused by all the
elements. Variation and rhythm aspects focus on
Source presence and periodicity.
Relative nature (N): this criterion is related to the
nature of the source flow and puts forwards the fact
that some transformations are more efficient than
others.
Flow characterization (FC): this criteria aims to
identify unwanted effects (called antagonist effects)
that could damage the system and decrease its
performances, like overheating or corrosion. They
are identified early in the design process to anticipate
them with a specific design or to eliminate some
solutions.
All these criteria are associated to aggregation
functions [18] [19] to classify the energy sources. Then,
the designer has to choose the ones he wants to go on
studying to evaluate the energy harvester architectures.

June 15th – 17th, 2011, Venice, Italy

3.2.3

Tool: aid to embodiment design tab

In our tool, Sources are qualified with decimal value in
the [0; 1] interval (Fig. 4). The higher the coefficient is, the
better the Source is. Moreover, for the global qualification,
weights are associated to each criterion, depending on
their importance. Then, the coefficient aggregation leads
to a classification of the energy sources previously
defined.
To guide the designer, the "decision making" tab
proposes possible architecture for the energy harvester
with the efficiency of the distinct elements. As represented
on Fig. 8, the breaking down in Source, System and Sink
is used. The objective is to quickly get an architecture that
is based on existing technologies and components.
In order to test energy harvester architecture, the
designer needs to set source parameters like power
density, frequency, amplitude or size. Besides, storage
elements are characterized by their capacity and voltage
levels. Finally, the measurement periodicity and power
consumption are needed for the sensor.
To sum up, the energy that can be harvested depends
on the available energy in the surrounding environment of
the application, the efficiency of the different converters
and transmitters, the capacity of the storage elements and
the consumption of the sensor during its cyclic operation.
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fixed by the energy harvester output voltage and a
constant current discharge imposed by the microsensor
node consumption. Then, these two phases are
respectively modelled using simple following expressions.

t

U (t ) U final . 1 e
U (t ) U 0

I cons

t

U 0 .e

(3)

t
C

(4)

where U0 and Ufinal are respectively the initial output
and the final output voltage of the storage element which
could not exceed the maximum output voltage Umax. τ is
the charge constant which depends on the impedance of
the storage element. C is the capacity of the storage
element and Icons the microsensor node consumption.
Fig. 8 Aid to embodiment design tab

3.3

System-level modelling

3.3.1

Objectives

The objectives of this phase are to calculate the
amount of energy that can be harvested from the
considered ambient source (by evaluating energetic
losses in the different elements) and to evaluate the
microsystem autonomy. This evaluation enables to check
whether energy harvesting consideration is relevant for
the application or not. Moreover, it can also put forward
the necessity of hybridize several energy sources.

3.3.2

Approach

A system-level model of the microsystem is created on
Matlab-Simulink. Each element is represented by a block
containing editable parameters (Fig. 9). These
parameters come from the previous step.
As mentioned before, the microsystem breaks down
into three main parts: an energy production unit, a storage
element and a control and management unit.
The energy production unit is made of the energy
source associated to the energy and voltage converters.
The source is represented by its power density value
(Dsource) and the size of the energy converter (Sdisp) to
estimate the output power (Pharvest) (eq. 1).

Pharvest

S disp .Dsource

(1)

Then, converters are modelled with coefficient of
efficiency (α) to evaluate the output power Po from the
input one Pi, as shown in eq. 2.

Po

..P
Pi .

(2)

For the storage element, a supercapacitor and a
battery are combined. For these storage elements,
different functioning phases are identified: charge (eq. 3),
discharge (eq. 4) and no use. During this last one, the
available energy is considered constant. In fact, in a first
approximation, the ageing of battery, the leakage current
of supercapacitor and the thermal effects are neglected.
With such devices, we have a constant voltage charge
June 15th – 17th, 2011, Venice, Italy

Finally, the management unit must control the energy
flows to correctly power the sensor during its cyclic
operation mode. More precisely, it chooses whether the
sensor is powered by ambient energy directly, the
supercapacitor or the battery. This is done by comparing
the harvested power Pharvest and the consumed power
Pconsumed:
if Pharvest > Pconsumed, the sensor is powered by
ambient energy directly and the energy surplus
charges the supercapacitor up to its maximal voltage.
if Pharvest = Pconsumed, the sensor is powered by the
ambient energy directly
if Pharvest < Pconsumed, the sensor is powered by the
supercapacitor and the battery.
Our model gives energetic profiles showing the energy
stored in the supercapacitor with regard to the ones
available in the environment and needed by the
microsystem. Therefore, we can deduce the autonomy of
the global system and choose the most efficient
architecture for our application.
We must note that our system does not include any
expert system. The different choices are done by the
designer himself. Our interface only provides elements
and tools to make the selection easier and guide
designers to choose components, materials, technologies
and architectures. It helps them to define the global
structure by coupling the different engineering fields from
the early phases of the design process and leads to the
definition of models.

3.4

Tool: system-level modelling tab

The parameters of each element are to initialize our
system-level model. The simulation result is a
representation of the energy stored in the supercapacitor,
the ambient energy and the energy consumption of the
sensor.
Moreover, by evaluating the working time of the battery
and the average current, battery lifetime is evaluated. This
enables the designer to see the impact of energy
harvesting on the application autonomy.
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electronic and energetic points of views. Moreover, this
approach enables designers to choose existing
components or design specific ones.

3.5.3

Fig. 9 Implementation of the system-level model

3.5

Detailed design

3.5.1

Objectives

Tool: detailed design tab

An analytic model is associated to every existing
component to describe its behaviour. As a result,
variables and relations between them are identified for
each entity (Fig. 10).
Moreover, simulation models are proposed. These
models are already implemented. For instance, a
piezoelectric material can be modelled with a SOLID 98 or
a SOLID 226 in Ansys. Electronic elements are also
associated to VHDL-AMS models. However, if the existing
components are not suitable for the application, new
models can be defined.
With Matlab, gateways can be created to import and
export data into these specific software programs. As a
result, the design remains specific but the collaboration
between specialists is easier.

The last phase of our approach is to obtain accurate
models to design the whole system. Consequently,
models of entities, interactions and environment are
needed. Component models (material and immaterial)
reproduce component behavior and interaction models
describe how the components interact.
Behaviour models illustrate the conditions under which
behaviours can exist and represent their mechanisms.
These models are aggregated into a component model
describing all the possible behaviours of the component.
Thus a phenomenological description of the component is
obtained. Then, environment models aggregate
component models. They describe their organisation and
their relations [20].
Moreover,
as
microsystems
design
is
a
multidisciplinary task, the distinct elements are modelled
on specific software programs. We aim to create
gateways between these programs to make the design
easier.

3.5.2

Approach

To define models, the variables involved and the
relations between them have to be identified. In our work,
we consider distinct modelling levels. As an example, for
a piezoelectric converter, we can select the following
models [21]:
one-dimensional
model
with
a
weak
electromechanical matching (current source) or with
a strong matching (beam representation and
equivalent circuit)
three-dimensional model.
To create collaboration and interdependence between
engineering fields, relations between specific software
programs must be developed. Parameter extraction at the
physical level has to be easier.
We choose a computer-aided design and analysis
software (ANSYS) for mechanical simulation. Matlab is
used as an interface and enables system-level
simulations. Finally, an electronic simulation and design
software (Cadence) is chosen for electronic simulation, as
well as for the global System design.
To facilitate the design, inputs and outputs of each
software come from another one [4]. Consequently, we
have a global simulation that includes mechanical and
electronic engineering. Relations and data exchanges
enable us to get efficient structures from mechanical,
June 15th – 17th, 2011, Venice, Italy

Fig. 10 Models associated to the entities

4 Application case
4.1

Objectives of the application

This section illustrates our approach with an application
case. It deals with a microsystem that harvests energy
from its surrounding environment. The device has to be
maintenance free. As a result, the use of battery is not
suitable to the application. The microsystem includes
an accelerometer whose role is to measure
deformation amplitudes of a beam. Its characteristics
are given in Tab. 2
a microcontroller to treat data and manage energy
a storage element associating a battery and a
supercapacitor
an energy harvester
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Proceedings of the IMProVe 2011

V. Dupé et al.

Decision support system to design autonomous microsystems

a communication interface to send data to a remote
station.
The microsystem has a cyclic activity with a 50 ms
period. The characteristics of these elements are given in
Tab. 1. From this table, we see that the ambient energy
should at least provide 943.5 µW during 46 ms to ensure
a correct functioning of the microsystem.
-

Task
Measurement
Transmission
Microcontroller
Period
Harvested
power required

Time
2 ms
2 ms
4 ms
50 ms

Power
700 µW
17 mW
2 mW
868 µW

> 46 ms

943.5 µW

Energy
1.4 µJ
34 µJ
8 µJ
43.4 µJ
43.4 µJ

Tab. 1 Energy estimation of the microsystem

Furthermore, the beam is submitted to a cyclic and
unidirectional effort with a frequency and amplitude of 5
Hz and 1 m/s² respectively. It is also submitted to solar
radiation, constant thermal gradient and radiofrequency
waves.
The objective is to determine the most adapted source
in order to get the energy harvester architecture that will
absorb and convert enough wasted energy from the
environment.
Voltage
Current
Power

1.8 – 3.6 V
212 µA at 3.3V
700 µW at 3.3V

I
Δ
0.5
0.5

F
0.5
0.5

N

FC

Total

1
1

M
1
0.5

0.5
0.5

0.5
0.5

6
5

1

0.5

0.5

1

0

0.5

5

0.5
2

0
2

0.5
1

1
1

0.5
1

1
1

4
8

Sources

D

Vibrations
Solar
Thermal
gradient
RF
Weight

Tab. 4 Energy source classification

Through the interface, the designer can select a
source. He can also choose a technology and a kind of
converter. For example, three technologies are available
to transform mechanical energy into electric energy:
electrostatic,
electromagnetic
and
piezoelectric
converters. Later, for piezoelectric converters, different
materials exist like PVDF (Polyvinylidene Fluoride) or PZT
(lead (Pb) zirconium (Zr) titanate (Ti)). Each technology is
associated to a coefficient of efficiency (Tab. 5).
Energy
source

Converter

Efficiency

Photovoltaic
panel
Solar panel
Electrostatic
Electromagnetic

Solar

Vibrations,
deformation

Piezoelectric

15 %
80 %
0.32 %
6%
0.5-25 %
PVDF 1-5%
PZT 35-50%

Tab. 2 Sensor's characteristics

Influent
parameters
Material,
size,
technology
Distance
Material,
acceleration,
frequency,
mass,
stiffness

Tab. 5 Efficiency of energy converters from literature

4.2

Entity identification and description

For this application, the Sink is represented by the
accelerometer and the System is the energy harvester.
From the previous section, the following sources are
present in the system's environment (Tab. 3):
solar energy (direct and diffuse)
mechanical energy from vibration and deformation
thermal energy
electromagnetic energy
Their power densities are listed in Tab. 3. From this
table, we can see that the energy from radiofrequency
waves can't be used alone to power the microsystem
because the available power is lower than the one
required.
Source
Solar radiation
Vibrations
Thermal energy
Radiofrequency

Direct
Diffuse
gradient of 5°C
GSM, Wifi

Power density
100 mW/cm²
100 µW/cm²
3
800 µW/cm
40 µW/cm²
0.1 µW/cm²

Tab. 3 Identification and characterisation of ambient energy
sources

4.3

Aid to embodiment design

The energy sources are previously identified and
characterized through the developed interface. The
different criteria are evaluated and the involved flows are
defined. In our studied case, distance and magnitude are
more essential than the other ones. Therefore, the
classification is the following (Tab. 4):
mechanical energy from vibration and deformation
solar radiation
thermal energy
electromagnetic waves

June 15th – 17th, 2011, Venice, Italy

The Sink is also characterized by setting its power
consumption and its measurement periodicity.
All these data are collected to evaluate the harvester
energy through a system-level model (see section 4.1).
Only best configurations are studied more thoroughly,
namely energy harvesting with photovoltaic panel and
piezoelectric converters.

4.4

System-level modelling

From the previous classification of the energy sources,
the first two ones are studied, namely mechanical energy
from vibrations and solar radiation. Simulations show that
the application autonomy is higher when harvesting
mechanical energy through a piezoelectric converter.
We consider a 1200 mAh battery associated to a 10 F
supercapacitor. When using a battery alone, the
microsystem autonomy is only 4 years. With a
piezoelectric converter, the system has an autonomy of
16 years whereas with a photovoltaic panel, the autonomy
only reaches 8 years. From these results, we choose to
harvest mechanical energy from vibrations with a
piezoelectric converter. Now, models have to be refined to
design the global system.

4.5

Detailed design

From [22], we can see that different configurations exist
for piezoelectric converters:
unimorph structure
bimorph structure
stack structure.
As the studied beam has a cantilever structure and is
fixed at one end, we consider a piezoelectric film
deposited onto the beam (Fig. 11). All parameters are
listed on Tab. 6.
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SOLID186 and SOLID226 finite elements were
selected for the elastic structure and the piezoelectric film,
respectively. The structure has been meshed using
quadratic 20-noded-brick. It is fixed at one end and a
force is applied on the other end.
Electrical aspects appear in boundary conditions.
Indeed, a reference voltage point is defined to measure
electric potential in the structure.
We evaluate the electric potential on each node of the
structure. This magnitude is related to physical ones like
the displacement or the stress. In our application, the
maximum voltage is 6 V for a 0.92 µm displacement.

Energy srorage in the capacitor
Cstorage

No
V S > VH

Generator

Yes
Power supply of the sensor
Yes
NO
V S < VL
Generator

C

VS Sensor

S

F

V

Fig. 12 Working operation of the system

Hp

-

VS Sensor

S

Lp
+

C

Hb

Piezo
Beam

Bb

Lb

Piezoelectric
converter

Cstorage
Comparator

DC/DC
converter

Sensor

Fig. 11 Representation of the cantilever beam
Fig. 13 Global representation of the system
Magnitude
Beam length
Beam height
Beam width
Piezoelectric element
length
Piezoelectric element
height
Gap

Symbol
Lb
Hb
Bp

Value
60 mm
2 mm
25 mm

Lp

40 mm

Hp

0.3 mm

d

5 mm

Tab. 6 Parameters of the cantilever structure

With these results, we can design the voltage
converters to rectify and adapt the energy to the rest of
the circuit. Through the database, a classical voltage
rectifier composed of Schottky diodes was selected.
Then, a low input voltage DC/DC converter was chosen
from existing components.

4.6

Solution

As the piezoelectric generator does not produce
enough power to continuously power the sensor, the
power conditioning circuit has to carry out two tasks (Fig.
12):
store the generated energy until it is sufficient to
enable the sensor to take a measurement
power the sensor.
The power generated is stored in a storage capacitor
Cstorage. Meanwhile, the sensor is disconnected from the
capacitor. When the voltage reaches the value VH (high
value), the charge of the capacitor can flow through the
power conditioning circuit to power the sensor. During this
phase, the capacitor Cstorage is disconnected from the
generator. Then, when the voltage at the capacitor
terminals reaches the voltage VL (low value), the
comparator disconnects the sensor and the circuit stores
energy.
This commutation is carried out with a comparator, as
represented in Fig. 13.

June 15th – 17th, 2011, Venice, Italy

Our energy harvester is efficient enough to power the
accelerometer every 50 ms. Power transfer from the
supercapacitor to the conditioning circuit is around 340
µW. As a result, the harvested power is sufficient to power
the application.

5 Conclusion
This article exposes a decision making approach based
on the identification, analysis, modelling and minimization
of antagonist flows and effects. It is a multidisciplinary
approach that guides designers to choose components,
materials, technologies and architectures. It helps them to
define the global structure by coupling the different
engineering fields from the early phases of the design
process and leads to the definition of models. This paper
also describes the developed interface to support the
method.
Moreover, we use a simulation tool to test different
scenarios and configurations of the energy harvester. The
energy estimation enables the designer to evaluate the
global autonomy of the system.
For the future works, we plan to improve the analytical
tool and to test our approach on other application cases.
We also want to improve the detailed design phase by
improving the models and creating gateways between
specific tools.
Finally, we must note that our approach is the starting
point of a top-down approach. Indeed, our system-level
simulation tool can be use as a decision tool to see
whether we can use components of the shell or if a
specific design is required.
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[10]

Appendix
Primary
class

Material

Signal

Secondary
class
Human
Gaz
Liquid
Solid
Plasma
Mixing
Status
Control

[11]

[12]

Effort
Force
Pressure

Human
Acoustic

Pressure

Biological

Affinity

Chemical
Electric
Energy

Electromagnetic
Hydraulic
Magnetic
Mechanical
Pneumatic
Nuclear
Thermal

Electromotive
force
Effort
Pressure
Magnetomotive
force
Effort
Pressure
Intensity
Temperature

Flow
Velocity
Particle
velocity
Volumetric
flow
Reaction
rate
Current
Flow
Volumetric
flow
Magnetic
flow rate
Flow
Mass flow
Decay
rate
Heat flow

[13]
[14]

[15]
[16]

[17]

Tab. 7 Description of flows and dual variables
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