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Abstract—Teaching wireless sensor networks (WSNs) only
theoretically is not sufficient to understand the complex interaction of these networks. WSNs consist of sensor nodes which
measure physical quantities of their environment, preprocess the
measured data, and transmit it towards a base station in a
multi-hop manner. WSNs are typically used in application areas
without wired infrastructure and so they must be powered by
batteries or energy harvesting systems. Due to the influence of
different factors on the behavior, practical exercises can enhance
the learning process because the students can perform their
experimentation independently.
This work presents the use of a remote lab for teaching energy
harvesting enhanced WSNs. Students can learn the behavior of
WSNs and the influences of energy harvesting. Furthermore,
practical aspects of WSNs are shown by using a realistic application scenario. This work is part of the European project Remotelabs Access in Internet-based Performance-centered Learning
Environment for Curriculum Support.
Index Terms—Distance learning, education courses, energy
harvesting, laboratories, wireless sensor networks.

I. I NTRODUCTION

AND

R ELATED W ORK

Wireless sensor networks (WSNs) consist of a collection of
sensor nodes which are used to gain information about their
environment. These small devices measure physical quantities,
preprocess the measured data, and store or transmit the data
to a base station. The covered region is extended by the use
of a multi-hop transmission protocol. Each sensor node is able
to forward message directed to the base station. Application
areas are manifold. Environmental monitoring [1], precision
agriculture [2], wildlife monitoring [3], human health-care [4],
or structural health monitoring [5] are only a few examples.
They show the necessity of a wireless communication and a
dedicated energy supply. These two characteristics are often
found in WSNs. WSNs are used in case of missing wired
infrastructure and if it is impossible or too expensive to wire
the sensors up.
Conventional non-rechargeable batteries or energy harvesting systems (EHSs) are used as dedicated energy supply.
First, non-rechargeable batteries are often used as an easy
and reliable energy supply. Once placed, the sensor node
can typically operate a long period of time, because of the
low supply currents. The disadvantage is that the batteries
have to be replaced if they are discharged completely. This
task could be very time-consuming, because some WSNs can
consist of thousands of nodes [6] or the nodes are placed at

TABLE I
P OWER DENSITIES OF DIFFERENT ENERGY HARVESTING
TECHNOLOGIES [9], [10].
Harvesting technology
Solar cells (outdoor at noon)
Solar cells (indoor) [14]
Piezoelectric (shoe inserts)
Vibration (small microwave oven)
Thermoelectric (10◦ C gradient)
Acoustic noise (100dB)

Power density
10-15 mW/cm2
≈ 10 µW/cm2
≈ 300 µW/cm3
≈ 100 µW/cm3
≈ 40 µW/cm3
≈ 1 µW/cm3

hard-to-access locations [7]. This problem is called battery
replacement problem [8]. Second, EHSs exploit the available
energy of the environment to supply the sensor node. Table I
shows typical energy harvesting technologies and their power
densities [9], [10]. It can be seen that the energy densities
are very low except that of solar cells used outside. If the
average power consumption of the sensor node is lower than
the harvested energy, then a perpetual operation is possible.
For periods with insufficient harvestable energy, energy storage
components (e.g. rechargeable batteries or ultracapacitors [9],
[11], [12]) are needed. The harvestable energy not only varies
over the time of day, but also on the location of the sensor
node. The differences between two locations may also depend
on other factors, for example the weather. We have shown this
fact in [13].
The theoretical part of the subject matter about WSN is
important to understand the basic principle behind them.
However, the subject matter can be taught better by using
practical exercises. The students can learn how to program
and configure WSNs. Furthermore, they can experiment with
the sensor nodes. They can modify different parameters of the
software and observe the variation of the sensor network’s behavior. However, it is not always possible to provide hardware
for each student at a given teaching time. Also it is not always
possible for students to attend a class at given time. Therefore,
remote labs can be used as a flexible alternative. The students
can access the lab when they want and from where they want.
We have introduced the concept of a remote lab for energy
harvesting enhanced WSNs in [15]. This paper shows the
implementation of the remote lab and describes how it can be
used to teach the subject matter of energy harvesting enhanced
WSNs. This lab is a part of the European project Remote-

978-1-4673-6109-5 /13/$31.00 ©2013 IEEE
Technische Universität Berlin, Berlin, Germany, March 13-15, 2013
2013 IEEE Global Engineering Education Conference (EDUCON)
Page 1109

Continuously supplied sensor nodes

Continuous
power
supply

Power
supply
control

•

Event
control

Power measurement unit

Internet

Energy harvesting
enhanced sensor nodes

Ambient
lighting
control

Measurement and
control unit

Remote access and
experiment control
server

Base station

Experiment
observation
camera

Fig. 1.
Educational remote lab setup for energy harvesting enhanced
WSNs. [15]

labs Access in Internet-based Performance-centered Learning
Environment for Curriculum Support (RIPLECS) [16], [17].
The rest of the paper is organized as follows: Section II
summarizes the remote lab setup. Section III introduces the
web access to the remote lab. Section IV shows the implementation of the wireless sensor network to enable a remote
configuration. Section V lists the tasks which should be
performed by the students. Finally, Section VI concludes the
paper and gives directions for future work.
II. R EMOTE L AB C ONCEPT
The concept of the remote lab has been presented in [15]
and is shown in Fig. 1. The lab setup consists of the following
units:
•

•

•

•

•

•

•

•

•

Energy Harvesting Enhanced Sensor Nodes are
equipped with solar cells. They are not connected by
wires to any other device or power supply and can be
configured remotely.
Continuously Supplied Sensor Nodes are used to teach
the basic function of a WSN. They can be configured
remotely, too.
Continuous Power Supply is needed for the supply
of the continuously supplied sensor nodes to guarantee
proper operating.
Power Supply Control enables a selective supply of the
sensor nodes.
Power Measurement Unit is used to measure the power
consumption of the continuously supplied sensor nodes.
Base Station receives data and status messages from
the network and transmits control and program update
messages into the network.
Remote Access and Experiment Control Server enables the access from the internet to the remote lab.
Measurement and Control Unit measures the power
consumption of the continuously supplied sensor nodes,
drives the ambient lighting and the event source, and
controls the switchable power supply connections.
Event Source is used to generate events which should
be detected by the sensor nodes.

Experiment Observation Camera is used to record the
remote lab setup in real time, thus observing sensor
nodes’ status LEDs, ambient lighting, and events.

III. W EB ACCESS
Basically, the web interface is split into three parts which
are described in detail later on.
• Live laboratory displays the live data and video feed.
• Tool to create and maintain configurations of the
WSN.
• Result display which allows reviewing conducted exercises and downloading of the measured data.
The students’ workflow is the following: An exercise description containing theoretical information as well as an objective to accomplish is given to them. Then the student creates
one or more configurations he believes to be suitable for the
task at hand. Afterwards, he or she enters the live laboratory,
reconfiguring the network with one of the previously created
setups. Finally, the results can be reviewed and integrated into
a written report.
A. Setup Creation
The student has to create a setup for the WSN. Each
setup consists of the different parameters which determine the
behavior of the WSN. A screenshot of the setup modification
form is shown in Fig. 2. Now the student has the chance to
test the created configuration by himself. Before starting an
exercise for evaluation, he or she can simulate the exercise’s
conditions. The setup can be modified if the results are not
satisfying. A more thorough description of the possible settings
is provided in Section IV. A setup is always associated with an
exercise it is designed for. Furthermore exercises may define
default values and/or restrict the set of user editable settings.
Basically a setup allows the student to control the following
parameters:
• Network topology
• Routing protocol
• Transmission and measurement options
• Energy harvesting specific settings
B. Live Laboratory
A screenshot of the live laboratory is shown in Fig. 3. The
screen is divided into four sections. The four sub-screens are
explained in the following.
1) Live Current Drain: The plot top left of the live laboratory in Fig. 3 shows the live current drain of the continuously
supplied sensor nodes. This plot is updated every second and
contains all measurements from the beginning of the student’s
session in the laboratory.
2) Live Messages Log: The log bottom left in the live
laboratory in Fig. 3 displays messages from the laboratory
and received from the network’s base station. This includes
measured data sent from a sensor node to the base station as
well as status messages of the laboratory and contingent error
messages. Furthermore package traces may also be shown
here. The log contains all messages from the beginning of
the student’s session in the laboratory.
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Fig. 2.

Screenshot of the setup modification form.

        

Fig. 3. Screenshot of the live laboratory. This screen shows the live current drain of the sensor nodes (top left), the received messages (bottom left), the live
video feed of the experiment setup (top right) and live controls (bottom right).

3) Live Video Feed: The top right section of the live
laboratory in Fig. 3 displays a live video feed of the laboratory
setup recorded by the experiment observation camera. In
Fig. 3, the bottom four sensor nodes labeled one through four
are the continuously supplied ones, the two at the top are the
energy harvesting enhanced nodes, connected to the slightly
visible solar cells.
4) Live Controls: The pane bottom right of the live laboratory in Fig. 3 holds live controls for the setup. The first tab
allows students to switch on and off the continuously supplied
sensor nodes and modifying the brightness levels of the two

available light sources. Therefore, the student can analyze the
behavior of the WSN depending on the ambient light or the
event light. Any or all of these controls may be deactivated
during exercise conduction as defined with the exercise. The
deactivation ensures correct and comparable results.
The second tab (not shown in Fig. 3) enables students
to reconfigure the network and the nodes with a previously
created setup. When being satisfied (or not) the student may
start the exercise. This now activates a timed sequence of
events defined by the exercise to check the solution the student
came up with. Furthermore starting an exercise in the lab
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Fig. 4.

Screenshot of an exercise result.

also initiates the recording and storage of measured data to
be reviewed afterwards.
The third tab (not shown in Fig. 3) shows detailed information about the currently used setup. Here, the student can
check if the configuration without leaving the live lab.

based, how the simulation of network topologies and network
routing are working and how the configuration of nodes is
implemented.

C. Result display

The nodes are distributed with regards of clear arrangement
to get an optimized view for the observation camera. Due to
the fact that the distance between the solar cells and the light
source must be appropriate, the energy harvesting nodes were
mounted on the top of the lab setup. The continuous power
supplied nodes were installed at the bottom. The top right
section in Fig. 3 shows the setup, the two environment light
sources as well as the event light. The base station node which
is required to communicate with the host is not visible but
mounted next to the sensor nodes. Due to this setup all nodes
which are integrated in the network are able to communicate
with each other.

Finally, after successfully performing the given task, the
student can view the exercise’s measured data. The result of
an exercise is shown in Fig. 4. The plot contains the measured
current drain of the continuously supplied sensor nodes. On
the bottom of the plot several flags denote the reception of a
message in the log. The message itself can be viewed via a
tooltip. The flags are placed correctly on the time axis.
On the top right the configuration parameters used are
displayed. The student also has the possibility to download
the measured data and the log messages. These are currently
available in three formats: CSV, JSON and XML. The exported
data can be included in a written report.
D. Administration
It shall be noted that this system is integrated into the
DIPSEIL learning environment [18]. This system provides
management of students and teachers as well as a scheduling
mechanism to book timeslots on the laboratory. Furthermore
students can assign themselves to open timeslots on their
behalf. Furthermore users don’t need to create another account
with this application, the DIPSEIL account is also used for this
laboratory.
IV. W IRELESS S ENSOR N ETWORK
This section describes the implementation of the wireless
sensor network and their components. It deals in particular
how nodes are distributed in that remote lab environment,
on which concept the communication between nodes are

A. Remote Lab Setup

B. Communication
All Messages transmitted by the base station and the sensor
nodes are broadcasting messages. That ensures to all members
of the network to receive all transmitted messages from each
node. One advantage of such a concept is to trace messages
through their paths from the transmitting node to the destination node, which provides the possibility to students to debug
any routing protocol. Furthermore it is necessary to establish
an emulated topology with virtual neighbors to transfer data
packages, and configure the sensor nodes by the base station
with configuration packages.
For network communication the IEEE 802.15.4 protocol is
used. The highest data transfer rate for micaz nodes is provided
up to 250 kbps [19]. For the remote lab setup channel 3 at
2.4 GHz base band is used.

978-1-4673-6109-5 /13/$31.00 ©2013 IEEE
Technische Universität Berlin, Berlin, Germany, March 13-15, 2013
2013 IEEE Global Engineering Education Conference (EDUCON)
Page 1112

TABLE II
E XAMPLE OF A NETWORK TOPOLOGY ’ S CONFIGURATION IN BINARY
NOTATION .
base station/LSB
01100000

Fig. 5.

Fig. 6.

node 1
00011100

node 2
00011010

node 3
01110110

node 4
01101110

node 5
01011001

node 6/MSB
00111001

Structure of neighbors packages.

Structure of neighbor table.

C. Virtual Neighbors
As mentioned before, to emulate network topologies at
such small distances between network members, any kind
of connectivity concept must be implemented. The concept
named virtual neighbors provides some features, which are
able to block or pass through messages to the application layer.
This selection of messages depends on additional information
located at the data package header:
• Source address: Necessary to trace the message path
through the entire network
• Destination address: Determines if it is a data message
by using a routing protocol to reach the specified node,
or it is a broadcast message for all nodes.
• Last forwarding node address: This information will
be verified by the neighbor table to determine if it is a
(virtual) neighbor.
The virtual neighbor concept is implemented as a layer between the application layer and the communication layer. Just
messages which reach their destination node will pass through
to the application layer. Received messages which will be
blocked can even be forwarded to other nodes depending on
network topology and routing protocol. The neighbor table
determines the behavior of connectivity among all members
of the entire network. All members have their own neighbor
table. The structure of such table is described in following
section.
D. Network Topologies
To emulate network topologies neighbor tables will be
used as mentioned before. The content of all neighbor tables
depends on the selected topology. This topology can be
modified at runtime. For every new setup all nodes must be
configured by the base station. All neighbor tables will be
combined at such configuration packages shown in Fig. 5.
Arrays of one byte per member of the network will determine
the entire network topology. Each node within the network will
receive its own neighbor table, which keeps the connectivity
information. The connectivity is unidirectional at the entire
network. Only one byte is needed to store the information
about neighbors of a node. The structure of such a table is
shown in Fig. 6. Neighbors will be determined as a set bit,
positions or nodes with an unset bit have no connectivity to
the table owner.

Fig. 7. Example of a mesh topology. The dark blue node indicates the base
station. Energy harvesting nodes are green and permanent supplied nodes are
light blue.

The user can choose a topology from a given set by using
the setup at web access as mentioned previously. The given
sets of topologies will be designed by the exercise administrators. To design a new or to modify a given network topology a
simple hex editor is needed. An additional binary viewer will
be helpful. Table II shows an example of a topology design.
This structure is equivalent to that one shown in Fig. 5 and 6.
The result of that topology design is shown in Fig. 7.
E. Network Routing
This section deals with the implementation of routing protocols. To fulfill the requirement to allow a large set of exercises
three different routing protocols are already implemented.
1) Direct to Base Station: Each node will transmit the data
directly to base station. Only if the base station is a neighbor
of the node, the transmission will be successful.
2) Flooding: All nodes are broadcasting their messages.
All nodes which are neighbors will receive and broadcast the
message again until the message is reaching the base station
or the node has the message already broadcasted.
3) Shortest Path: An algorithm is used to determine the
smallest amount of hops between the node and the base station.
Such algorithm requires additional information about link
costs. Definition of link costs is the amount of hops needed
to reach the destination member through the whole network
path. To keep this information a distance vector for each
node is used. To simplify the algorithm only one destination
is required for network routing. This requirement determines
the base station as destination for all messages from nodes.
Instead of a distance matrix only a one dimensional vector
is needed. The distance vector is an array of seven bytes, one
byte for each node including the base station. According to this
condition a value up to 255 for link costs can be assigned for
its position. A necessary feature of the distance vector is their
dynamic generation during runtime. The reason is, if a node
is member of a network path and will lose their connectivity,
a new path has to be established immediately. To initiate such
generation a hello-package has to be transmitted by the base
station. The task of a hello package is to surge the entire
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Fig. 8.

(a)

(b)

(c)

(d)

Sequence of hello package exploring a network. BS: base station Nx: Node 1 to Node 6

network like a wave to explore the shortest paths from base
station to all active nodes. To avoid loops in mesh topologies
sequence counters are used for each member of the network.
An example of a complete hello-sequence is shown in Fig. 8.
If a hello-package transmitted by base station is reaching
the first neighbor (shown in Fig. 8(a)) it stores a value of
1 to the assigned position of the base station (LSB) at the
distance vector. All other positions will be unaffected. Only
values above 0 indicate a valid connectivity. Fig. 8(b) shows
the next step. Here the link costs will incremented and stored
at the position of the last forwarding node which has to be
a member at all. The last step of the sequence is avoiding a
loop as shown in Fig. 8(d). Node 5 has already received a
hello package from node 3, and the internal sequence counter
is already updated. Only node 6 receives the hello package,
because the internal sequence counter differs. Finally, node 6

broadcasts the hello packet but no further sensor node will
receive it. This terminates the forwarding of the hello packet.
When the network exploration is finished and the distance
vectors are generated, messages can be transmitted from nodes
to base station. To determine the shortest path to base station,
the transmitting node evaluates the internal distance vector to
get the neighbor with the smallest link costs. The neighbor
receives the message and the procedure starts again until the
base station has been reached.
F. Network Configuration
This section deals with the configuration of nodes through
the network. The requirement defines a flexible configuration
of all sensor node parameters at runtime. Depending on different situations about node status, two types of configurations
are implemented:
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User triggered configuration: The user changes the
setup at web access.
• Node triggered configuration: A node requests directly
a configuration from the base station.
1) User Triggered Configuration: If the user is changing
the setup at web access, all parameters will be transmitted to
the base station. Furthermore the base station is broadcasting
configuration packages to the nodes which include these
parameters. Successfully received packages trigger the internal
configuration sequence of nodes. Disadvantage of that type of
configuration is if nodes are not in a radio-listening-mode, they
will not recognize a configuration.
2) Node Triggered Configuration: In some situations a
node has to trigger a configuration request to base station. A
configuration will be triggered by following states of a node:
• At the initialize sequence after booting
• Low power or sleep mode of radio module
• An error occurs during a configuration sequence
If one of the listed states occurs, the node starts a request
directly to base station. The base station responses with a
configuration package directly to the requesting node. Here,
direct means to bypass any applied topology. Other nodes
at the entire network will not recognize the request or the
configuration package.
If the radio module uses a low power or sleep mode, a
pending package will wake up the radio module at defined
timer-intervals to transmit metering data. After that, the node
will request a configuration. If the user has changed the setup
at web access this sequence avoids a configuration mismatch
by triggering periodical requests.
•

G. Metering Data
An additional sensor board [20] to extend the node provides
useful sensors. For the remote lab setup only the light sensor
is used. To evaluate the behavior of energy harvesting nodes
additional voltage levels will be measured. The students are
able to analyze the voltage levels from the solar cell and both
capacitors used as energy storage. The Atmel ATmega128
[21] ADC provides a resolution of 10bit, so metering data
is transmitted with 16bit integers. To visualize the metering
data the base station transmits the data to the host and further
to the web interface.
The user can modify some parameters of metering data to
evaluate the relationship between energy consumption and data
acquisition intervals. Following parameters can be influenced:
• Communication interval: Time-interval to transmit metering data, brightness in lux for the continuously supplied sensor nodes and additional voltage levels (solar
cell and both capacitors) for the energy harvesting nodes.
• Measurements per interval: Number of measurements
within the above defined measurement interval. The metering data will be averaged.
• Event threshold: Trigger-level in lux for event-light
detection. If the light sensor value exceeds the threshold
level a single message will be send to base station.

Such messages will be highlighted in the WSN-message
screen to inform the user about a light event. Slow rising
brightness values will be ignored for example to detect a
beam of a flashlight in a dark room.
V. S TUDENT TASKS
The subject matter is divided into five tasks which have to
be fulfilled by the students in a performance-centered manner.
Each of them is described in the following sections.
A. Generic Structure of a Sensor Node
This is the only task which has to be performed theoretically. The students should describe the necessary building
units of a sensor node to fulfill a certain task. Here, the sensor
node should measure the ambient light level of a room. The
task deals also with the supply of the sensor node and the
advantages and disadvantages of the different possibilities.
Furthermore, students should describe the interaction between
the different building units of the nodes.
B. WSN Communication
In this task, the students should configure the wireless
sensor network for different topologies and discuss the results.
They should investigate three different topologies and what
happens if a (specific) sensor node fails.
• Star topology is the simplest topology. Each sensor
node can communicate with the base station directly (this
means that both nodes are in the communication range
of the wireless communication unit).
• Line topology is a special topology that lines up every
sensor node. Each sensor node can communicate only
with its right and left neighbor directly and only one node
can communicate with the base station directly.
• Mesh topology is the general topology of wireless sensor
networks. Each sensor node can communicate with a
certain number of nodes directly. Also more than one (but
not all) can communicate with the base station directly.
An exemplary mesh topology is shown in Fig. 7.
C. Power Consumption of Nodes and Networks
In this task, the students should configure the wireless sensor network in different ways with different energy demands
of the nodes and the network and discuss the results. Typically,
each sensor node needs its own power unit because of the lack
of wired infrastructure. In this task, batteries are considered
as supply of the sensor nodes. To extend the operating time
of the sensor nodes, the average power consumption should
be as low as possible. The average power consumption can be
composed of different power states of the sensor node. The
most important power states are listed in the following.
• Sleep state: The sensor node is inactive and most hardware components are switched off or are also in a sleep
state. Typically, only a timer is active and wakes up the
sensor node after a certain period of time. This is typically
the power state with the minimum power consumption.
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Measurement state: The sensor node switches on its
sensor(s) and the power state depends on the power
consumption of the activated sensor(s).
• Computation state: The sensor node preprocesses the
measured data. The power consumption depends on the
microcontroller of the sensor node.
• Receiving state: The sensor node activates the radio
module and is ready for reception of message from
other nodes. A communication through the whole sensor
network is only possible if all nodes have activated the
radio module in the receiving state.
• Transmitting state: The sensor node sends data to the
base station or forwards messages from other nodes.
This is typically the power state with the maximum
power consumption. During transmission of a message
no reception is possible (half-duplex communication).
The average power consumption can be calculated as shown
in the following:
•

Paverage =

1
tinterval

·

n
X

Pi · ti

i=1

Where tinterval is the total interval time which is the sum of
t1 to tn , Pi is the power consumption of the power state i,
and ti is the duration of the power state i.
To save a lot of energy, the radio module can be deactivated during periods with no communication. Typically, a
sensor network is activated only for a short period of time
to transmit the measured data and is inactive the rest of
the time. However, this means that the network has to be
synchronized for communication. Only when using the star
topology, no synchronization is required because each node
can communicate with the base station directly.
Besides the calculation of the average power consumption
of a sensor node at activated and deactivated radio module, the
students should calculate the energy savings at network level
with different configurations.
D. Energy Harvesting Enhanced WSNs
In this task, the students should configure the wireless sensor network including the energy harvesting nodes. Two nodes
of the WSN are supplied by EHSs. The EHS consists of a solar
cell as EHD, two selectable double layer capacitors (DLCs)
as energy storage components, and a connecting circuitry. The
hardware structure is shown in Fig. 9 and a more detailed
description can be found in [15]. The students should measure
the voltage of the DLCs at different energy levels and plot the
charge and discharge traces of the DLCs. They can experiment
how the ambient light level influences the harvestable energy.
Furthermore, they can test the black-out sustainability of a
sensor node with different configurations. Also two different
voltage converters can be used to supply the sensor nodes and
different properties of them can be investigated. The different
properties can be exploited to enhance the usable supply
voltage rage and save energy by using the right conversion
circuit as we have shown in [22].

Fig. 9. Schematic structure of the energy harvesting system for the supply
of a sensor node for lab experimentation [15].

E. Wireless Alarm System
In this task, the students should configure the wireless
sensor network including the energy harvesting nodes to
enable a continuous supervision of a room. All nodes are
used including the energy harvesting enhanced nodes. The
communication of the continuous supplied sensor nodes is
forwarded by the energy harvesting sensor nodes to the base
station. Therefore, it is important that the nodes are operating.
To test the configuration of the students can start the exercise.
Both energy harvesting sensor nodes should not fail during the
dark period.
VI. C ONCLUSION

AND

F UTURE W ORK

This work presents the implementation and the usage
of educational remote lab for energy harvesting enhanced
wireless sensor networks. The theoretical subject matter is
extended by practical tasks which can be performed by the
students. Due to the remoteness, they can access the remote lab
from every place with an internet connection which increases
their flexibility. This work explains the web access and also
gives insight in the implementation of the configurable WSN.
Finally, the tasks of the students are explained briefly which
are intended to teach energy harvesting enhanced WSNs.
Future work will target an increase of the temporal current
measurement resolution and an extension and enhancement of
the tasks.
ACKNOWLEDGEMENTS
This work was supported by the project Remote-labs Access
in Internet-based Performance-centered Learning Environment
for Curriculum Support (RIPLECS) (517836-LLP-1-2011-1ES-ERASMUS-ESMO).

978-1-4673-6109-5 /13/$31.00 ©2013 IEEE
Technische Universität Berlin, Berlin, Germany, March 13-15, 2013
2013 IEEE Global Engineering Education Conference (EDUCON)
Page 1116

R EFERENCES
[1] G. Barrenetxea, F. Ingelrest, G. Schaefer, M. Vetterli, O. Couach, and
M. Parlange, “SensorScope: Out-of-the-Box Environmental Monitoring,” in Proceedings of the International Conference on Information
Processing in Sensor Networks (IPSN 2008), 2008, pp. 332–343.
[2] K. Langendoen, A. Baggio, and O. Visser, “Murphy Loves Potatoes:
Experiences from a Pilot Sensor Network Deployment in Precision
Agriculture,” 20th International Parallel and Distributed Processing
Symposium (IPDPS 2006), p. 8 pp., 2006.
[3] A. Lindgren, C. Mascolo, M. Lonergan, and B. McConnell, “Seal2-Seal: A Delay-Tolerant Protocol for Contact Logging in Wildlife
Monitoring Sensor Networks,” 5th IEEE International Conference on
Mobile Ad Hoc and Sensor Systems (MASS 2008), pp. 321–327, 2008.
[4] K. Lorincz, B.-r. Chen, G. W. Challen, A. R. Chowdhury, S. Patel,
P. Bonato, and M. Welsh, “Mercury: A Wearable Sensor Network
Platform for High-Fidelity Motion Analysis,” in Proceedings of the
7th ACM Conference on Embedded Networked Sensor Systems (SenSys
2009), 2009, pp. 183–196.
[5] N. Xu, S. Rangwala, K. K. Chintalapudi, D. Ganesan, A. Broad,
R. Govindan, and D. Estrin, “A Wireless Sensor Network for Structural
Monitoring,” in Proceedings of the 2nd international conference on
Embedded networked sensor systems (SenSys 2004), 2004, pp. 13–24.
[6] K. Römer and F. Mattern, “The Design Space of Wireless Sensor
Networks,” IEEE Wireless Communications, vol. 11, no. 6, pp. 54–61,
2004.
[7] M. Afzal, W. Mahmood, and A. Akbar, “A Battery Recharge Model
for WSNs using Free-Space Optics (FSO),” in IEEE International
Multitopic Conference (INMIC 2008), 2008, pp. 272–277.
[8] M. Minami, T. Morito, H. Morikawa, and T. Aoyama, “Solar Biscuit: A
Battery-Less Wireless Sensor Network System for Environmental Monitoring Applications,” The 2nd International Workshop on Networked
Sensing Systems, 2005.
[9] V. Raghunathan, A. Kansal, J. Hsu, J. Friedman, and M. Srivastava,
“Design Considerations for Solar Energy Harvesting Wireless Embedded Systems,” in Proceedings of the 4th international symposium on
Information processing in sensor networks (IPSN 2005), 2005, pp. 457–
462.
[10] P. He, Q. Cui, and X. Guo, “Efficient solar power scavenging and
utilization in mobile electronics system,” International Conference on
Green Circuits and Systems (ICGCS 2010), pp. 641–645, 2010.
[11] X. Jiang, J. Polastre, and D. Culler, “Perpetual Environmentally Powered

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]
[20]
[21]
[22]

Sensor Networks,” Fourth International Symposium on Information
Processing in Sensor Networks (IPSN 2005), pp. 463–468, 2005.
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