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Abstract— We have been conducting an ecological observation of
seabirds. In the previous study, the system has utilized the wired
network, and has been difficult to construct a scalable sensor
network. Furthermore, that system couldn’t distinguish types of
the seabirds (e.g., male/female parent, chick), which is useful
information for biologist to verify their hypothesis. Therefore, in
this paper, we propose a ZigBee sensor network using an RFID
system for ecology observation of seabirds. The proposed
network has been installed in Awashima Island. An observation
of seabirds has been performed in Awashima Island for about
two months in 2011. From the observed results, we have
confirmed that sunrise and sunset affect leaving the nest or
returning to the nest of seabirds. Furthermore, with the use of
the RFID, it is evident that chicks are often training at night,
which has not been verified by the existing sensor network. In
2012, we have also started the observation under the same
conditions as 2011. By analyzing the observed data which have
been obtained until now, some difference of the homing pattern
between a male parent and a female parent have been found.

Keywords— Sensor Network, ZigBee, RFID, Biological
Research, Streaked Shearwater

I. INTRODUCTION

Streaked Shearwater, Calonectris Leucomelas as academic
name of genus and called as a shearwater for short hereinafter,
is a seabird of about 50[cm] from a top to a tail, 120[cm] of
outstretched wings and 0.5[kg] of weight (see Fig. 1). In the
spring, shearwaters come to Japan and Korean Peninsula, and
they lay only one egg per one breeding pair from June to July,
and leave in the autumn to south-eastern Asia and Australia.
Breeding places for shearwaters are designated as national
sanctuaries or protected regions in Japan. Ecological activity
areas of shearwaters range so widely in the Pacific Ocean, and
shearwaters are predators at the top of the food chain in
marine organization. Therefore, the ecological and
geoenvironmental change can be known by investigating an
ecological activity of the shearwaters.

In the previous study, the ecological observation for
shearwaters has been conducted by a sensor network in
Awashima Island which is one of the breeding places of
shearwaters [1]. From the observation, new ecological
knowledge has been obtained. However, since the existing
system has utilized the wired network, it is difficult to
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construct a scalable sensor network. Furthermore, that system
couldn’t distinguish types of the seabirds (e.g., male/female
parent, chick), which is useful information for biologist to
verify their hypothesis.

Therefore, in this paper, a ZigBee sensor network using the
RFID system for the observation of Streaked Shearwater is
proposed, and is installed in Awashima Island. Through the
experimental evaluation, we clarify whether the proposed
system can obtain useful information for verifying the
hypothesis assumed by the ecologists

Figure 1. Parent (Left) and Chick (Right) of Streaked Shearwaters

II. BACKGROUNDS AND RELATED WORKS

A. Field of Streaked Shearwaters

Awashima is a small island with the area of 9.86km?, and is
located in the north sea of Niigata Prefecture. Nagaoka
University of Technology is in the middle of Niigata
Prefecture. Hence, we can reach to Awashima Island by two
hour drive and one hour ferry from the university. There’re a
few other islands with Streaked Shearwater’s breeding area in
Japan, but all of them are so far from the mainland of Japan,
and ICT facilities such as a broadband access are not available.
Therefore, it is thought that Awashima Island is the best place
to develop a real-time online observation system for the
Streaked Shearwaters.

B. Hypothesis Related with Streaked Shearwaters

An ecologist has a hypothesis about biology of the Streaked
Shearwater. It is thought that a male parent of Streaked
Shearwater travels to an ocean apart from the nest, but a
female parent of that goes to the nearest ocean for catching
foods for the chicks. However, this hypothesis has not been
verified by the ecologists because a precise and long term
observation is difficult and impossible by human beings.
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Figure 2. Overall Structure of ZigBee Sensor Network to Observe Shearwaters

C. Problem of Previous Sensor Network

A sensor network for ecology observation of the Streaked
Shearwater had been proposed and installed on Awashima
Island in the previous study [1]. This sensor network is
developed by using wired network, and can detect leaving or
returning to a nest of shearwaters by the use of an infrared
sensor. However, the previous sensor network is not enough to
verify the hypothesis mentioned in Section II-B due to the
following two problems:

e An infrared sensor cannot distinguish types of the

seabird (e.g., male parent, female parent, and chick).

e A wired network is not suitable for building a large

scale observation system.

Therefore, we decide to use an RFID system for
identifying a type of the birds and to use a ZigBee for building
a scalable sensor network for ecology observation at low cost.

II1. PROPOSED SENSOR NETWORK FOR SEABIRDS
OBSERVATIONS

A. Overall Structure of Sensor Network

Figure 2 shows an overall structure of our proposed sensor
network in Awashima Island. Arkas is a server-client type
sensor platform being developed by Nagaoka University of
Technology and Network  Application Engineering
Laboratories Ltd. [2] in a close relationship with University of
Florida [3]-[5]. Various sensors can be connected to an Arkas
sensor node, and the node has a ZigBee module. Therefore,
the Arkas node can communicate with other nodes or an
Arkas server without constructing the wired network.

An RFID tag is attached to a seabird’s leg, and an RFID
antenna is installed on a front of a seabirds’ nest. An RFID
reader can detect not only leaving and returning to the nest of
the seabird but also a type of the seabird through the RFID
antenna. An ID data of the RFID tag detected by the RFID
reader is sent to the Arkas sensor node through a serial cable.
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The node transmits 8 ID data per second (135byte) to the
Arkas server via two Arkas sensor nodes (Relaying Nodes)
through the ZigBee network. The Arkas server stores data and
is connected to the Internet. Hence, we can retrieve the
collected data at Nagaoka University of Technology from the
server.

B. ZigBee Communication Distance

In order to evaluate performance of ZigBee network for the
ecology observation in Awashima Island, we investigate the
available communication distance of ZigBee between two
Arkas nodes. As a ZigBee module, XBee devices [6] are
installed on the Arkas sensor nodes and the Arkas server.

The experimental evaluation has been conducted on a
straight road with good visibility. In this evaluation, the sensor
node transmits the data to the receiver node at a speed of
9600[bps] for 1 minutes, and a data reception rate is derived
from the data captured by the receiver. Figure 3 shows the
data reception rate as a function of the distance between nodes.
As shown in this figure, the data loss does not occur when the
distance is shorter than 200[m].

However, the communication distance of 200[m] has not
been achieved in Awashima island. This is because there are
many plants and steep slopes around nests of the Streaked
Shearwater, which blocks the ZigBee communication between
nodes. Therefore, in order to avoid the data loss, we have
designed additional two nodes that work as ZigBee routers
(Relaying Nodes) as shown in Fig. 2.

C. RFID

An RFID system is composed of an RFID reader, one or
more RFID antennas, and many RFID tags [7]. The RFID
reader detects a tag attached to the leg of the seabird, and
reads an ID data recorded on the tag. Thus, a type of the
seabirds can be identified by checking the ID of the tag.
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On the other hand, the Streaked Shearwater dives into the
water for getting the fishes. Hence, we should select a
waterproofed RFID tag, and should use a frequency band
which has resistance of the water.

In order to decide a suitable product for the observation
system, a preliminary evaluation has been conducted. Two
types of RFID products adopting HF and UHF band have been
chosen for the evaluation. In this evaluation, three types of
tag’s condition have been prepared as follows, and the
maximum detection distance between the tag and the antennas
has been measured in each situation:

e A tag without waterdrops

e A tag with waterdrops

e A tag sunk in a glass of water

As shown in Fig. 4, a tag of HF band can be easily detected
by the antenna even if it is placed under the water, while a tag
of UHF band under the water cannot be detected by the
antenna. Therefore, we decided to use an RFID product of the
HF band [7]. The features of the RFID reader are following:

e Frequency: 13.56MHz

e Transmission output: 300mW

e Maximum communication range: 28cm
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Figure 3. Data Reception Rate of ZigBee vs. Distance between Arkas nodes
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Figure 5. Overview of Arkas Sensor Platform
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D. Arkas Sensor Platform

Figure 5 illustrates an overview of an Arkas sensor
platform. Three types of sensors can be supported by Arkas at
present, 1) analog or voltage data, 2) ON/OFF or Open/Short
data, and 3) serial data. Sensed data including analog data of
10 bits, ON/OFF data of 1 bit, and serial data of a maximum
of 256 bytes can be sent to the Arkas server with specified
intervals. The Arkas node supports up to 7 analog interfaces,
16 ON/OFF interfaces, and 1 serial communication interface.
The Arkas node is quite small and is designed for a few power
consuming. It can be operated by a solar battery but is
powered by commercial electricity in Awashima Island.

The Arkas server is nothing but a software package built
over Java and can be operated over any type of Java platform.
In Awashima Island, we use a Linux server for reliability and
economic efficiency. With this Arkas platform, an RFID
based observation system has been installed in Awashima
Island.

E. Installation of Sensor Network

Figure 6 (a) shows how the RFID antenna has been
installed on the front of the nest. As shown in this figure, the
antenna has been deployed so that the circle part of it fits to
the form of the entrance. Therefore, when the seabird enters
the nest, it can be easily detected by the antenna. We have
installed:

o 8 RFID antennas at the front of 8 nests, and

e 24 RFID tags on leg of each seabird (male parent, female

parent, chick) living in the nests.
Figure 6 (b) shows a tag attached to a leg of a chick.

The RFID reader, the three Arkas nodes, and the Arkas
server are fed 5[V] DC converted by 100[V] AC power. The
AC power line has been installed for about 70[m] from the
power supply station to the area of the nests. The area is
located in the west side of the island, and there expected so
heavy rain and wind. Hence, we have used a waterproof
power cable, and junctions are carefully protected. The RFID
reader and the three Arkas nodes are stored into plastic cases
and the 8 RFID antennas are covered with a waterproof tape.

IV.DATA OBSERVED BY THE NETWORK IN 2011

An observation of the seabird has been performed from
September 1st, 2011 to November 10th, 2011, and our
proposed sensor network has obtained more advanced data for
the ecology of the Streaked Shearwaters than the previous
sensor network.

A. Detections of the Birds for 24 Hours Profile

Figure 7 shows output (ON/OFF) of the RFID reader for 24
hours profile. In this figure, ON indicates that an RFID
antenna of the RFID reader detects an ID of the RFID tag
attached to the seabirds, and OFF means nothing detected. So,
vertical lines indicate that a seabird is going in and out of the
nest.

Compared with the detection by an infrared sensor used in
the previous system, the system with the RFID can identify a
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type of the seabird (i.e., male parent, female parent, chick)

detected by the antenna.
Ut

RFID Antenna

i
|

(b) RFID Tag Attached to Leg of Seabirds
Figure 6. Implementation of RFID Antenna and Tag
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Figure 7. Detection of Shearwaters by RFID
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Figure 8. Frequency of Detection Intervals of Seabirds

B. Frequency of Detection Intervals

Furthermore, we have analyzed intervals while each seabird
keeps staying in and going out of parents of nests.

Figure 8 shows frequency of detection intervals of seabirds.
As shown in this figure, both male and female parents were
often staying nearby the entrance of the nest because the
detection interval was very short (< 5[sec]) with high
probability. In addition, the seabirds stayed in or went out of
the nest for a long time at two or three times per a day.
Furthermore, the detection intervals of the female parent are
relatively longer than that of the male parent.

Because the experimental period was short, we did not
show clear understanding of differences between male parents
and female parents in this evaluation.

C. Relation between Returning and Sunrise and Sunset

We have also analyzed relationship between activities of
seabirds and the rising and setting of the sun in Fig. 9 (a) and
(b). As a result, without exception, all seabirds act after sunset
and before sunrise. Leaving and returning to a nest of seabirds
are influenced by the rising and setting of the sun.

D. Training of the Chicks

On the other hand, it has been thought that chicks are
training to fly after the parents left abroad. By the use of RFID,
it becomes evident as shown in Fig. 9 (c). Observation by
human beings cannot obtain these precise data. This is
because chicks are so cowardice and do not go out nests when
human beings are there.

V. DATA OBSERVED BY THE NETWORK IN 2012

An ecological observation has started on August 21, 2012
under the same conditions as the experiment in 2011. In this
section, we analyze the observation data that we have obtained
until now, and present a preliminary result about a homing
pattern of seabirds.

We have analysed the obtained data in order to clarify the
difference of the homing patterns between male parents and
female parents. Fig. 10(a) shows a probability density function
of the number of consecutive days when a bird returns to the
nest. In addition, Fig. 10(b) shows a probability density
function of the number of consecutive days when a bird does
not return to the nest. As shown in these figures, seabirds are
homing almost every day. Some difference of the homing
pattern between a male parent and a female parent can be seen
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in Fig. 10(a). In order to clarify the difference in more detail,
we will continuously observe the seabird by using the
proposed system in 2012.
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Figure 9. Leaving Nest before Sunrise and Returning to Nest after Sunset
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Figure 10. Probability Density Function of Number of Consecutive Days

VI.CONCLUSIONS

In this paper, we have proposed the ZigBee sensor network
using the RFID system for ecological observation of seabirds.
The network has been implemented and installed in
Awashima Island. An observation of seabirds has been
conducted, and the proposed system has obtained more
advanced data for the ecology of the Streaked Shearwaters
than the previous sensor network.

From the observation in 2011, by detecting ID data of an
RFID tag attached to a leg of seabirds, the proposed system
has confirmed that the type of the seabirds influences patterns
of leaving or returning to a nest. In addition, without
exceptions, all seabirds have been detected after sunset and
before sunrise, hence their activities, e.g. leaving a nest or
returning to a nest, were influenced by sunrise and sunset.
Furthermore, it has been evident that chicks often trained at
night.

We’re continuously observing the seabird by using the
proposed system and will verify the hypothesis of the
ecologists.

This study was partly supported by
KAKENHI Grant Number 23500083.
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