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ABSTRACT link. In order to support a mobile sink applicatibased on
the ZigBee standard, many kinds of additional fioms are
Many sensor network applications have been devdlépe required such as link failure detection, announcenud
smart home, disaster management, and a wide rahge reew network address of a mobile sink node, and data
other applications since the ZigBee standard wksased. gathering algorithms. In this paper, we propose abila
These applications, however, generally assumetia btase sink application framework to support seamless data
station as well as static sensor nodes. For madiile communication and experiment the mobility effeatigss
applications, there are many challenges that nebd taken of a mobile sink node such as network connectiaitg data
into consideration, such as the difficulty in dé¢ieg link  reception rate.
failure, unstable network connectivity, and unredif This paper is organized as follows. Section 2 lbyief
destinations, even though the new ZigBee stand20@7( introduces ZigBee routing algorithms and deviceadality
version) supports device portability. In this papere function, and requirements of a mobile sink appidcawill
analyze the problems of a mobile sink applicatiand be discussed in Section 3. With the proposed egtjiic
propose a new application framework that supportéramework for the mobile sink node in Section 4, then
seamless data communication when using a mobileisin evaluate the performance of the proposed scheroeighr
ZigBee networks. We evaluate the performance of thexperimental results and conclude at Section 5 énd
suggested application framework in terms of datepton respectively.
rate and network connectivity of the mobile sink in
experiments evaluating various rejoin conditions thé 2. ZIGBEE NETWORK SPECIFICATION
mobile sink.
2.1. ZigBee Routing Algorithms
Index Terms—ZigBee, Mobile Sink
There are two kinds of routing algorithms in ZigBee
1. INTRODUCTION networks. The first, ZigBee tree routing, uses mekwv
addresses that represent a tree hierarchy. Whilenitsend
ZigBee is an emerging worldwide standard for wisle data to the destination without a routing table aodte
personal area network. Since ZigBee devices argmis  discovery mechanism, it is inefficient because plaekets
for low cost and low data rates, it is used in maeysor follow the tree hierarchy even if the destinatisnlacated
network applications such as smart homes, buildingearby. The second, table-driven routing, decides t
automation, and industrial automation. As well Asse routing path by using a route discovery procediir&an
initial market application and products, ZigBee ifmb calculate the optimal route to the destination, bug route
phone systems are emerging as a new market siaggethh  discovery operation is an additional overhead.
2007 version of the ZigBee standard was releasigBeg Both routing algorithms are not efficient to suppar
Alliance expects that ZigBee technology will produnany mobile sink node, because the routing cost of tee t
kinds of new services such as secure mobile paymerputing is inefficient in order to transmit data @omobile
information delivery, and peer-to-peer data sharlmg sink, which is an end device in a tree topologyd dme
connecting telecom networks. route discovery of the table-driven routing is penied
However, the ZigBee standard is not enough to stippowhenever the mobile sink rejoins the network. Tfozes
mobile sink application, even if the new standaedires we propose the sink-oriented routing to achieven libe
the device portability function that supports thehife node optimal route path and no route discovery cost.
reestablishing network connectivity whenever iteksts
2.2. Device Portability Function
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NLME-ROUTE-ERROR:.indication primitive. Then, the

network layer will rejoin the network through theA@ 4. PROPOSED SINK APPLICATION FRAMEWORK

association procedure. Optionally, ZDO layer catifpdts

changed network address of the mobile device. We propose the mobile sink application frameworteraf
However, the NLME-ROUTE-ERROR primitive is considering the problems analyzed in the previagian.

invoked only when the device transmits data. If tmgbile  In our application framework, the mobile sink isaoiped

sink only receives data from other devices, it taletect with detecting link failure, rejoining a networknrouncing

the link failure. Moreover, the link failure deteot is a newly assigned network address, and acceptingingen

handled in the ZDO layer, which is located in aheiglayer data from sensor nodes. The Fig. 1-4 shows theogemp

than the network layer, so the response time fie flailure  application framework, which is composed of fouripds.

detection and a network rejoin is higher than wtrezy are During the announcement period in Fig. 1, the neobil
handled by the MAC layer. sink broadcasts its network address to sensor rtodestify
of its new network address. On receiving the breatic
3. MOBILE SINK APPLICATION ANALAYSIS packet, sensor nodes store the network addresseof t

mobile sink PstAddr) and source address of the broadcast
The mobile sink application can be defined as as@en packet AddrToForward), and rebroadcast the packet to
network application with a mobile sink node. Inerthvords, propagate it to the whole network.
a mobile device, that is attached to a ZigBee conication Then, sensor nodes transmit its sensing data to the
module, such as a phone, PDA, or robot, collecta ftam  mobile sink node througAddrToForward node during the
other sensor nodes while moving around the serlat, f data gathering period as shown in Fig. 2. The mego
which can be a house, office, or other buildingse@o the routing algorithm called sink-oriented routing ustee
mobility of the sink node, the network rejoiningopedure  reverse path of the broadcast path during the arogsnent
defined in the ZigBee specification is essentiahtaintain  period, in order to avoid the ‘unstable network reectivity’
network connectivity. However, the mobile sink dapaiion  problem by optimizing the transmission delay, whilet
still has some problems as follows. causing the overhead for route discovery. As weudised

-Difficulty in detecting link failure: The mobile sink node N Seﬁtion 2, inlefficiglm foutehpath and rolutezd‘?y cost
cannot detect unstable links or broken links ifoitly ¢ e critical problems when we apply zigBee irgit

receives packets from other nodes in the curregBé algorithms to the mobile sink applications. Our ksin

stack. This may cause the mobile node to miss ¢hieg to Ogtehmzdnéour:g]grg:ﬂgngsosg' a(érggl ebbotgng)rjlt(l)miﬁte the
rejoin the network and lose network connectivityp y y ploying

permanently b_roadcast path duri_ng the annpuncement phase wsn_siho
' o o Fig. 1. The above Fig. 2 and Fig. 5 show our predasnk-
*Unstable network connectivity: When the mobile sink griented routing and ZigBee tree routing. WhereagB&e
has a broken link or unstable link, before recaowgri tree routing needs a total of 33 hops from all sensdes to
through the rejoining procedure, it loses networkthe mobile sink in Fig. 5, the proposed sink-omghtouting
connectivity. Therefore, packets sent to the molilegk  only needs a total of 25 hops in Fig. 2. The saweus can
node before the rejoin may be lost. reduce the transmission delay so as to reducertitabpility

«Unreachable destination: When the mobile sink rejoins Of the ‘unstable network connectivity’ problem oning.

the network, it may obtain a new network addresse T The mobile node periodically checks its link witls i
other nodes in the network do not know it, and p&kent parent node through the “hello” message at the Ma@r

to the old network address of the mobile sink wilt be &S in Fig. 3. The interval of the link failure ckes smaller
delivered than that of the data gathering interval in ordeptevent



missed packets from the ‘unstable network conniggtiv detection phase. The LQI threshold for potentiatepta

and ‘unreachable destination’ problems during tlead
gathering period. The unstable link or broken lgdn be
detected through several missed acknowledgementhdo
‘hello’ message in a certain interval or througle tink

quality indication. The network performance such as

network connectivity and data reception rates ciferd
according to the link failure detection method ysawad it
will be discussed at the next section. If the nmeksink
detects link failure, it joins a network througmew parent
node which provides higher link quality as showirig. 4.
In our proposed mobile sink application framewdhe
rejoin period and announcement period is perforoely
when it is necessary due to the link failure dédecand the
network address change of the mobile sink to siyjaihd
optimize the performance of the application framewo

5. EXPERIMENTAL RESULT

Our ZigBee mobile sink application is developedao2.4
GHz IEEE 802.15.4 transceiver based hardware pratft
is small in size (3.5cm x 5.5) and equipped withiows
sensors such as temperature, humidity, light, @®ared,
magnetic, and flame. The ZigBee stack, which weleynp
in our experiment, is the Tl Z-Stack that is futlgmpatible
with ZigBee Spec version 1.0.
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Fig. 6 Hardware Platform

In our experiments, six sensor nodes are deplogethe
building like Fig. 7, and the average distance leetw
sensor nodes is fifteen meters to provide relidbiks
between sensor nodes. The mobile sink is designed
collect periodical sensing data from other sensodes
while moving around at about 2m/s velocity. Eveygle is
ten seconds, and sensor nodes report indoor envénatal
condition as well as network address and applicatio.
The mobile sink moves from the path A to path E enery
path has its own environment characteristics.

node is set at 120 for reliable communications.

30m

Route Description

The mobile sink passes the iron doors and turr
along the wall.The parent candidates of the mo
sink is #1 and #2.

The mobile sink goes through without any obstal
The parent candidates tfe mobile sink is #2 arn
#3.

The mobile sinkurns right and passes the iron d
again. There are small numbers of sensor node
the parent candidates of the mobile sink is #3#ngl

Path A

es
Path B

Path C

The mobile sink turns right along the walthe
shape of path is curve. The parent candidates g
mobile sink is #1, #5, and #6.

The mobile sink goes through and the shape of
is curve. The parent candidates of the mobile &
#6, #5, and #4.

Fig. 7. Experimental Environment

Path D

Path E

The network connectivity in Fig. 8 is measured fees t
time that the mobile sink maintains the network hwith its
parent node. It is calculated by subtracting thime
duration from the total amount of time at each p&imce
the larger no acknowledgement conditions tend turas
the link is stable, the rejoin conditions such amitsed
acknowledgement (NoAckl) and LQI less than 20 show
low network connectivity in almost all paths as whoin
Fig. 8. However, it doesn’t mean that higher networ
connectivity guarantees higher data reception fidte.data

We tested the mobility effectiveness, such as netwo reception rate of the mobile sink in Fig. 9 is Hygtelated

connectivity and data reception rate,
conditions for rejoining of the mobile sink. Thejadie
conditions used in this experiments are NoAckl {4sed

with varyingwith the ‘unstable network connectivity’ and ‘uncbable

destination’ problems.
In path A, the data reception rate for NoAckl and

acknowledgement), NoAck2, NoAck3, and LQI<20 (LQI LQI<20 is much lower than that of NoAck2 and NoAck3

threshold less than 20 of the link with the pamode). For
example, NoAckl indicates that the mobile sink essthe
acknowledgement packet for its ‘hello’ messagehatlink

This is because of the ‘unreachable destinationbigm.
After detecting link failure, the mobile sink trigs find a
new parent node; but, there are no parent candidate



satisfying condition for potential parent node,ttig the 100
LQI threshold higher than 120. According to Figndde #2
seems to be the parent node, but the link qualiti the
mobile sink node is not good enough to be a panede
due to the interference from the iron door. Themefdhe
mobile sink cannot receive any data from the sensdes
until it rejoins the network after moving away frahe iron
door’s interference, while it maintains lower netwo
connectivity as shown in Fig. 8. i

The ‘unstable network connectivity’ effect can be paliis  PSHCES CPSHNE <PAHVD  PAthE
found at NoAck3 conditions in the path B. Wherehs t
mobile sink using other conditions changes therganede
from node #2 to node #3 at the beginning of pathh®,
mobile sink using NoAck3 condition maintains theklwith
parent node #2 until it moves out of the transroissange
of node #2. Because the mobile sink node keeps
unstable parent link although there are bettersliakound,
the data reception rate from NoAck3 in path B isaken
than other cases. This is the same reason thatetineork
connectivity for NoAck3 condition is high, while &h of
NoAckl and LQI<20 conditions is relatively small.

In path C, the ‘unstable network connectivity’ effés
detected for NoAckl, NoAck2 and NoAck3 conditioiis.
this experiment, the mobile sink at NoAckl1, NoAcled
NoAck3 conditions maintains the parent node #3|uhé
end of path C, whereas the mobile sink using LQI<2
changes the parent node from node #3 to node #fieat
begging of path C. Therefore, the data receptida far
these three conditions shows smaller value.

In paths D and E, the ‘unreachable destinationbjem
affects the data reception rates in all cases. Hvirere is
no obstacle to interfere with the communicatiohg, paths
D and E are relatively longer than other paths, anty
small numbers of sensor nodes are deployed in dflesp
Therefore, the frequent network rejoins from thebii@
sink is natural and it causes lower data receptdes. The
reason why the data reception rate for NoAck2 anddk3
conditions in path E is higher than other condgios
because the mobile sink node keeps the parent#®adad
continues receiving data when it goes back, wheitdeigs  [2] ziggee Alliance, Network Layer Specificatioran] 2007.
to find other parent nodes and misses receiving thathe
NoAckl and LQI<20 conditions. [3] T. Kim, D. Kim, N. Park, S. Yoo, T. S. LopezSHhortcut Tree
Routing in ZigBee Networks,” International Sympasiuon
Wireless Pervasive Computing 2007, San Juan, Piico, 5-7
Feb. 2007.
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Fig. 9 Data Reception Rate of Mobile Sink

From the experimental result, the various rejoin
conditions affect when the mobile sink rejoins tiegwork
and it can cause the ‘unreachable destinationanstable

trheetwork connectivity’ problems; however, it cannot
estimate the best time to obtain high network perémce.

6. CONCLUSION

We propose a mobile sink application framework for
seamless data communication of the mobile sink by
analyzing the problems and requirements in theoyepént

of a mobile sink. Experimental results show thae th
d)roposed application framework maintains relativilgh
data reception rate in spite of a number of netwej&ins.

In addition, they also show the mobility effectiess
depends on external environments such as physical
environments, node deployment, and movement of the
mobile sink as well as the rejoin conditions of thebile
sink. Therefore, the network performance in the ileatink
application can be enhanced through integrationh wit
environmental information and the movement scheddle
the mobile sink node.
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