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Abstract—Most object tracking trees are established usinghe
predefined mobility profile. However, when the real object’s
movement behaviors and query rates are different fim the
predefined mobility profile and query rates, the uplate cost and
query cost of object tracking tree may increase. Taipgrade the
object tracking tree, the sink needs to send veratge messages to
collect the real movement information from the netvork,
introducing a very large message overhead, which ieferred to as
adaptation cost. The Sub Root Message-Tree Adaptiyocedure
was proposed to dynamically collect the real moveme
information under the sub-tree and reconstruct thesub-tree to
provide good performance based on the collected imfmation. The
simulation results indicates that the Sub Root Mesge-Tree
Adaptive procedure is sufficient to achieve good tal cost and
lower adaptation cost.

Index Terms—wireless sensor
dynamic object tracking tree

network, object tracking,

I. INTRODUCTION

scale wireless sensor networks can be developddangreat
number of compact sensors. Numerous researchers hav
produced wireless sensor networks, including rgutand
transport protocols [1]-[3], physical and mediuncess layers
[4]-[6] and localization and positioning applicat®[7]-[9].

Another important research into wireless sensowors is
object tracking [11]-[21][24][25]. The key functisrinvolved
in object tracking include detection, identificatjo
classification, location estimation and monitoring. large
number of sensors will be deployed to detect mowbgects
and report on the object’'s location to the sink,owh the
processing node responsible for collecting the ahjgcation
information from the sensors.

Figure 1 shows an object tracking scenario. Wisstesnsors
are deployed at road intersections in the city.hEsensor has
the ability to detect vehicles and communicate vtgmeighbor
sensors. The sink acts as a traffic informatiortereto manage
and monitor traffic. When a vehicle (car 2) movesf node
E’'s sensing range into node D’s sensing range, madll
detect the vehicle and report to the sink, who tl able to

Sensor networks are used in environmental monitoringnq,y the location of that vehicle. Node E will repa departure

military surveillance and home and industrial seguwVith
the recent advances in embedded micro-sensing dieghies,

message for car 2 to the sink. All this messagaa 8ensor will
result in a lot of information. Moreover, due te timitation of

the sensors are smaller, cheaper and more inwllig#ese e sensor’s power, the sensors near the sink aguehde A and

sensors are equipped with wireless interfaces Hikmw
communication with other sensors in order to formeéwork.
The wireless sensor has the ability to collectcpss and store
information from its surroundings and can be ased$rom the
Internet.

With the advances in embedded micro-sensing teohres
and sensing and communication technology integraterge
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Fig. 1. Object-Tacking Scenario
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B will quickly use up their batteries (because ttieise nodes
near the sink needed to forward the packets sem those
nodes on the far side), and the wireless sensaonewill be
partitioned. Therefore, designing effective datdlection
architecture is an important research topic. Soesearches
[14]-[21] proposed constructing a collection arebttire using
a tree according to the mobility profile, which generated
according to the mobility model. Nevertheless,ahtial object
movement behavior may not match the mobility madl this
difference may affect the performance of the cdibec
architecture. Therefore, the Message-Tree Adaptieeedure

boundary nodes information and the boundary noelesrt the
tracking information to the sink through the cludteads. Jin et
al. in [12] proposed a new dynamic clustering medma to
reduce the transmission power consumption, loweg th
transmission cost, and lower the transmission fatét, which is
constructed based on object movement and modiiedrding
to the object’s routing information and sensor nindermation
in order to reduce the transmission power consumpénd
lower the transmission cost.

The second main group comprises the predictionebase
approaches, which add prediction models to constineabject

(MTA) was proposed in [22] to dynamically adapt thdracking tree. The heterogeneous tracking modelMHTor

object-tracking tree.

The problem with the MTA procedure is that it inrearlot of
message overhead to improve the update cost obltject
tracking tree. Moreover, the impact of query costswot
considered. Therefore, the Sub Root Message-Treptie
procedure is proposed to achieve good performaegardless
of the object’s actual movement behavior and toehsmaller
objects’ query rates with lower message overhead.

The rest of this paper organized as follows. Thated
literatures are discussed in Section 2. Sectiomopgses the
network model, a Sub Root Message-Tree Adaptiveqaiore
and shows simulation results in Section 4. The lesimns are
in Section 5.

Il. RELATED WORK
The proposed researches on wireless sensor neteuaydt

object tracking was proposed in [13]. The variablemory
Markov (VMM) concept was introduced to predict fheterns
of moving objects and used these patterns to agisthe
cluster tree. However, the computation necessarthioVMM
is very high, and when the prediction patterns aonmatch, the
performance of the cluster tree will decay.

The main characteristics of agent-oriented appraaehto
use the autonomous software agents to interacomligr agents,
and to use higher level programming languages and
methodologies that allow the adoption of flexibleohite
agents’ software. The major objective of the age@nted
approach is to design a high-level language artdalimachine
technology to change or update these agent fursctioorder to
provide an intelligent sensor network with lowerstgyn
overhead and higher system performance.

The major drawback of the cluster-based tree ishihé

tracking can be grouped into four main approacheffansmission power consumption, which leads tattire main

cluster-based tree [3][11]-[12][23], prediction-kds[13][23],
hierarchy-based tree [14]-[21] and agent-orienigat@ach for
tracking application[24][25].

The cluster-based tree organizes all sensors ieteral
clusters and an election of cluster heads will mheitee which
node takes responsibility for collecting the objeformation
within the same cluster and report that informatiack to the
sink. This node is called the cluster head. Whendistance
between the cluster head and sink is more thanhompe a
multiple hop path is created between the clustadtend sink.
Due to the limitation in sensor power, the sensea the sink
will use up their batteries and the wireless senstwork will
be partitioned.

The LEACH algorithm proposed in [3] builds a clusbased
tree to track object in two steps. The first step the
set-up,where a local cluster head is randomly ahoBlee local
cluster heads will collect the object informatie@nsfrom the
sensor nodes and forward the object informatiotiéosink in
the second phase. However, the LEACH algorithm eotrates
only on finding an efficient way to forward the ebj
information to sink but does not find the robustl aeliable
object tracking tree in an energy efficient manner.

Another dynamic cluster structure was proposedlLit] fo
efficiently collect the object information. In thgaper, the
boundary nodes located near the tracking objectt rbes
identified. The dynamic cluster structure then ect$ the

approach, the hierarchy-based tree-structuringritgo. One
of these algorithms, referred to as “drain-and-hega(DAB)”
tree, proposed in [14] can reduce the drawbackm fthe
prediction based approaches.. The DAB tree is arpilogical
tree whose root is the sink and is constructeddas the event
rate cost. All the leaves of the tree have thatgluf tracking an
object and reporting the collected information. Tiitermediate
nodes can store and forward these object informatimut
cannot track the object. The data aggregation oy was
introduced, and these object information will bewfarded to
the lowest common ancestor of these two sensorsnatiech
are the leaves and track the object, allowing éones messages
not to be sent to the sink. With the data aggregagchnology,
the power consumption and transmission can be eslduc
Another example of hierarchy based tree approaishdse
deviation-avoidance tree (DAT), which was proposefil5].
The update action and the query action were intredun the
paper. The update action is triggered when an blEwves
from one sensor node into another sensor node rangethe
query action is invoked when a user wants to firedlbcation of
an object. The DAT is a multi-way tree, and is ¢ored using
a greedy tree-structuring algorithm based on thgsiphl
structure of a wireless sensor network. All theewith the DAT
have the ability to track objects, store detectddrimation and
make update reports. The data aggregation techmplogosed
in [14] was also considered in DAT. Moreover, th&D
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introduces the query cost reduction (QCR) methoddaoce the

query cost. To reduce the query cost and commuoitabst,
the multi-sink tree was proposed in [16].
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Fig. 2. Voronoi Graph and Object Movement Model

In [17][18], the authors also proposed an objeatking tree to
track an object in a wireless sensor network. Alto the
computation complexity of these solution is bettem that of
DAT, but the performance of these strategies cabadbetter
than that of the DAT, because these papers wdintda good
tree with a lower computation complexity.

Fig. 3. An Example of Object Tracking Tree. In\{&) see the origed graphic
in (b) Object tracking treee is constructed accordingAd @nd update cost
1605; in (c) the event rate of w(F, J), w(H, I) amE, G)are changed upd:
cost is and update cost becomes to 1986; in (d)ufitate cost of tt
reconstructed object tracking treee is 1958.

In [19], the authors proved that
object-tracking tree with the minimum update cost d
NP-complete problem and. proposed the addition sifatcut
mechanism into the existing object-tracking treeeiduce the
update and query costs.

In [20], the tree adaptation procedure (TAP) warppsed to
improve the query cost of the object tracking tnekich is a
bottom-up approach and selects a candidate nodel lmesthe
bottom-up rule. The TAP computes the update casiguhe
edge connected to the target node, but was natdedlin the
object tracking tree. When the update cost of tlozlified
object tracking tree is better than that of thegiodl object
tracking tree, the modified object tracking tred i set as the
new object tracking tree. The TAP will compute tipelate cost
for the modified object tracking tree until all rexdexcept the
sink have been considered. The simulation reshitie/shat the
TAP application achieves good performance, ancbeaetter
than that of DAT.

All the hierarchy based mechanisms require an inpldility
profile that describes the object crossing rateweeh
neighboring sensors, which can be obtained baséstorical
statistics. Nevertheless, the real movements ofiphlyobjects
may be very different to the mobility profile. I1a]], the authors
proposed a mathematical model that generates ditpgioofile
based on stochastic process theory, which is uséieh the
object mobility pattern is unknown.

As discussed above, the object tracking performamee be
worse when the mobility profile is not correct. Thessage-tree
adaptive (MTA) procedure was proposed to dynamjcadiapt
the object-tracking tree [22]. This procedure cgnasnically
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adapt the object-tracking tree to achieve goodoperdnce and
to suit to the real environment. However, the MTidgedure
causes a lot of message overhead to improve tleetdb@cking
tree, and the impact of query cost was not consdlén the
paper.

In [23], the authors proposed an information-bzaseaptive
target algorithm based on the dynamic cluster aaget
prediction mechanism, which can adjust the inforomat
collection distance and time interval, dependingtton target
object’s velocity, acceleration and angle variaioft also
adjusts the time interval of each cluster predicfiormation,
depending on the target object’s velocity and angléations.
The simulation results show that the proposed dlgorhas
better tracking precision and lower energy consionpt

However, these approaches cause a lot of messagecaw
to collect information and announce the updatectire. The
impact of query rate changed was not considerethése
approaches. Thus, in next session, we will proposapproach
to adapt the tree structure according to the reaffid
information and query rate with lower message oxadh

Ill.  SYSTEM ARCHITECTURE

A. Network Model

Consider a network that consists of a set of waelgensor
node deployed in a closed field. Assume that timeskes have
unigue identifications and are time-synchronized.sp@ecial
node, the sink, will work as the gateway to theeleiss sensor
network from the outside world. After deploymetig sink will
know each sensor node’s location and each sengt® wil
report the arrival information to the sink whenditects an
object moving into its area and send the deparhfoemation
to the sink when the objects moves out of its alearder to
avoid redundant reports, the simple nearest-setracking
model was introduced, in which only the sensor ntus
receives the strongest signal from an object ipamesible for
tracking the object.

Therefore, in the deployment region the sensird fieea of
each sensor node can be modeled using a Vororah §t8], as
depicted in Figure 2(a). When node i and nodeljessa@ommon
border in the Voronoi graph, these nodes are calkgghbors.
A line between node i and node j can be drawnabdlindary,
indicating the area where each sensor receivesttbagest
signal. Thus, according to the Voronoi graph, ggr&(V,E),
as depicted in Figure 2(b), can be obtained, wiasahe set of
wireless sensor node and there exists an edggleg, for all i,
jOVifiand j are neighbors.

The wireless sensor network can track multiple ctsje
concurrently. When an object enters or leavesghsisg range,
the sensor will detect the object and report tosih&, and can
be called as the event rate. As shown in Figurg, afe
departure rate from nodes Ato D is 12, and thgalmate from
nodes D to A is 32 (all these values are assuriié) departure
rate and arrival rate are summed to find the esagnt Thus, the
event rate between nodes A and D is 44. The sutimeoévent

rate between sensor nodes i and j can be attacttee edge e(i,
j), which be denoted as w(i, j), as shown in Fig2(ie).

B. Problem Satement

The root of the hierarchy-based tree is the sirdcotding to
the definition of DAT [15], all intermediate nodesd leaf
nodes are used for object tracking. The intermediaties must
also store a detected object set and have thdyatulimake
update reports, because the collected informatidh net
always be sent from the sensing node to the siake® on the
aggregation model proposed in DAB, when an objeates
from a sensor node to its neighbor sensor nodegéparture
message is sent from the original sensor node lanéitrival
message is sent from the neighbor sensor nodegAth@object
tracking tree, these update messages will be fawdato the
lowest common ancestor of these two sensor nodhs. T
definition of update cost proposed in [15] is atofes:

Um) = > wi, j)xdist @ j)

e(i,j)OE
where dis{(i,j) be the hop count from node itojin T.

Many researchers have proposed object trackingersyst
constructions, which require an input mobility plefthat
describes the object crossing rate between neigitheensors
obtained from historical statistics. However, thevements of
physical objects are unpredictable and the actugect
movement behaviors may differ greatly from the nitbi
profile and. when the mobility profile is not coctethe object
tracking performance will decay. For example, asuawptive
object movement model is shown in Figure 3(a) d&eddquery
rate of each node is 1, and the DAT is shown irufeigB(b).
Suppose that the event rate of w(F, J), w(H, I)afl, G) are
different, as shown between Figures 3(a) and 3{®.total cost
of the original DAT, obtained as a sum of all cosiscreases
from 1605 to 1986. However, suppose that the oltfjacking
can be reconstructed using DAT, as shown in Fig@d¢. The
total cost can then be improved from 1986 to 193#us, this
examples shows us clearly that in order to improve
object-tracking tree performance, a dynamic adaptiv
mechanism for the object-tracking tree is very intgoat.

To provide the MTA procedure [22], each sensor node
should store the event rate of each neighbor. ®hsms node
also has a predefined event rate for each linksi®wn in
Figure 3(a), sensor node | will store the everg &tw(G,I),
w(H, 1) and w(l,J). When the actual event rate &hd
predefined event rate are different, the MTA pragedwill be
triggered. In the example we show in Figure 3(bg actual
event rate of W(H,1) is 70, and the predefined évate W(H,I)
is 19 triggering the MTA procedure in nodes H and

When the MTA procedure is triggered in nodes Hlatttese
nodes will send an adaptive message to the simigale object
tracking tree. The actual event rate of each liiikkbe inserted
into the adaptive message. When the sink receideadaptive
message, it will send a collection message tonédirinediate
nodes in the object tracking tree to obtain eawsk'di actual
event rate in the wireless sensor network. All bése
intermediate nodes will report their aggregatiorssagyes to the

1)
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sink, which can then get the actual mobility modeid
reconstruct the object tracking tree using eitbeXT or TAP,
based on the actual mobility model. The sink it announce
which nodes need to change in the new object tngckiee.
After receiving these announces, the object trarkiee will be
changed becoming the one shown in the Figure 3(d).

The MTA procedure cost is very high. Suppose tierdince
between the actual event rate and the predefinedteate is
very small. It will then be not necessary to perfahe MTA
procedure. Therefore, the ratio of change is intced to decide
when the MTA procedure should be performed. Lgt, &Y and
eVog(i) be denoted the new total event rate and oldl ®tent

rate of node i, respectively. The ratio of chanbeaule i, @, ,is
defined in [22] as follows:
_ =|evnew(|) €V, Id(|)|
I | Voia (1)
The minimal original event rate (g¥i)) should be 1. When
the link’s ratio of change exceeds, a predefined threshold
value (determined according to the simulation tsjulthe

sensor node will perform the MTA procedure. Otheryithe
MTA procedure will not be performed.

)

C. Sub Root Message-Tree Adaptive Procedures

As the results described in [22] show, when theedbj
tracking tree scale increases, the message ovedfelsid A
procedure may become very high because a lot gftaea
messages should be sent to the sink along thetabje&ing
tree. More precisely, a lot of collection messagéksbe sent
from the sink to all intermediate nodes, and alesth
intermediate nodes must report their aggregatioasages to
the sink. Hence, the impact of query rate shoulddresidered.
Let q(i) be denoted the query rate of node i, for, fL1V. T is
the object tracking tree. The definition of queogtproposed in
[15] is as follows:

> q(i) xdist; (p; (i),sink)

illeaf nodeof T

D" q(i)>dist, (i,sink)
ileaf nodeof T
where R(i) is the parent node of node i in T. Accordinghe
definition in [15], The total cost of T is U(T)+Q)T
Suppose the query rate of node | is 1000 per inmé, tand the
new object tracking tree T is derived from Fig3(e), removes
the link e(H,l) and creates a logic link betweeded and node
I. The total cost of T according to (3) will betber than that of
the object tracking tree shown in Figure 3(d). Thtse
difference of old query rate and new query rate tnhes
considered in the ratio of change. Letigbe denoted the total
query rate of sub tree of the object tracking tneder the node i,

and the new ratio of change of noded, ,is modified as

Q(T) =2x 3)

follows:

|e new(l) 'e_vold(i)| |qT,new(i) 'qT,oId(i)| 4)
eVy,(i) Or o1a(i) |

where @ new(i) and g o4(i) be denoted the total new query rate
and total old query rate of the sub tree of theadtiracking tree
under the node i, respectively.

Moreover, as the results in [22] show, most of rtlessage
overhead comes from the amount of collection messag
because the sink needs to send the collectioragesso all the
intermediate nodes, and all the intermediate noded to reply
each link’s actual event rate to sink.

In order to reduce the amount of collection messag may
withhold some of the collection messages from tiberimediate
nodes. Based on the concept, the MTA procedurd bris
perform at the sub tree of the object tracking,tess the Sub
Root Message-Tree Adaptive procedure was proposed.

The definition of the sub root is the lowest comnamicestor
of the sensor nodes which performs the MTA procedés
shown in Figure 4(a), the sub root of nodes H aisdniode A,
and the sub root of nodes F and J is node D. Thasadaptive
message will only be sent to the sub roots A anekEpectively.
The sub root will send the collection messages Hlo a
intermediate nodes in the sub tree. Suppose teemptiate
node is also a lowest common ancestor of the stresor nodes
which performs the MTA procedure. In this scenatiog
intermediate will not forward the collection messdgut will
report their aggregation messages to the sub Agsoshown in
Figure 4(b), nodes A and D will send the collectinessage to
nodes G and E, respectively. These intermediatesodll
report their aggregation messages to the sub rbenvthey
receive the collection message. Then, the sub gets the
actual mobility model and uses Sub Root Message-Tre
Adaptive algorithm to reconstruct the sub tree Hage the
actual mobility model and query rates.

a=m

<\/

s.nk_/{n )

/

\ \

®)

(d)
Fig. 4. An Example of Sub Root Message-Tree Adapfixocedureln (a)
node H and | send the adaptive message to themostibode A; in (b) node
sends collection message to nodes G and nodesoBsepeir aggregation
messages toode A; in (c) node A sends the announce messadke node
G, H, and | to update their links; in (d) the updeatst of original sub tree
node A is 678; in (e) the update cost of origindd free of node A is 650.

(e)
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The Sub Root Message-Tree Adaptive algorithm isvddr
from the TAP proposed in [20] and is very differéaim DAT,
as can be seen by the following cost structure.

Let the lowest common ancestor of the sensor nioeles and
T, be the sub tree of the object tracking tree utitkeinode a.
Also, let \V; and E, be the nodes and edges in fEspectively.
Let E, be denoted set of edges that both nodes of thel &dg
and Ej is the set of edges that one node of the eligebut the
other nodélV,. disty4(i,j) is the hub count from node i to node j.
According to the definition in [15], the sub updatest of T is
defined as following:

UT)= 2w, )+ > w(,j)xdist,(ai)

e(i,])0Er, e(i,j)OE", andilva
e ®)
+ D w(i, j)xdist, (i, )
e(i, ))0E,
The sub query cost of is defined as following [15]:
. d(i) < distr, (p; (i),8) +
ifleaf nodeof Ta 6)

Q(,) = 2x (i) x disty, () + (

dist; (a, pr (8))x > (i)

idTa

illeaf nodeof Ta

The algorithm for the Sub Root Message-Tree Adapitv
described as follows:

1. Let T=(V4 ,E5 ) be the Sub Root Message-Tree and

MINCOST=U(Ty)+Q(T,), where MINCOSTdenotes the
current minimum cost.

2. Sort all sensor nodes (except the sub root)ariist L
based on the bottom-up rule.

3. Select the first sensor node i from list L. Riltthe
edges, which are connected with node i and are-E £ into
the set § Let T'=T,, S0 .= Era Then, let .= Erq-€(i,)),
where e(i,jJ]Era,.

4. Select edge e(i,k) from;,Snsert e(i,k) into k.. If
U(T )+Q(T’) < MINCOST, let T= T, Era = Ery and
MINCOST= U(T')+Q(T’). Then, $= S -e(i,k).

5.1f S# ¢, return to step 4, else go to the next step.

6. IfLZ ¢, return to step 3, else go to the next step.

7. Run the Query Cost Reduction proposed in [1%jeun
Ta
8. T is the new sub object tracking tree.

In the algorithm, the process presented above
implemented, in which steps 1 and 2 are used tatersome
data structures and set up the initial state. &p sB, the
algorithm selects the node from the list, and atthdsedges
which are connected with node i and are in Eg-lGto the set
Si. This step is also used to set up the initatlestFrom steps 4
to 6, the algorithm will select the edge from Sedwy one to
construct new sub tree, and find the new sub trite the
MINCOST. At step 7, the new sub tree will be impEd\based
on the Query Cost Reduction proposed in [15], tegyin the
tree depicted in step 8.

Finally, the sub root will announce the nodes tiegded to
change, as shown in Figure 4(c). For example, gurei 4(d),
U(T,) is 678 and Q(J) is 10. When the e(A,H) has replaced by
e(AE), U(T) is 650 and Q(3J is 10. Thus, the sub root informs
nodes G, H, and I, when the sub tree is changesgh@sn in
Figure 4(d). The detailed flow chart of the Sub RMTA
procedure is in Figure 5.

Step 1
All sensor nodes record event rate of each link, and calculate the ratio of change.

Do not report

Step 3

Sends the adaptive messages to the common ancestors.

Step 4
The common ancestors send the collection messages to the intermediate nodes

of their sub tree and all these intermediate nodes report their aggregation

messages to the common branch nodes.

!

Step 5

The common ancestors reconstruct the sub tree base on the actual event rates.

]

Step 6

The common ancestors send announce messages to the nodes which needed to

change.

Fig. 5. Flow chart of Sub Root Message-Tree Adaptirocedure.

Nevertheless, the actual event rates receiveckisub root are
limited and the sub tree may not need to change pétrforming
the Sub Root Message-Tree Adaptive algorithm. The
performance improvement will be limited in Sub R&GTA
procedure. Thus, the second layer Sub Root MTA gufore
could be introduced to improve the performance. $&éeond
layer's sub root is the second lowest common aacedtthe
sensor nodes which perform the MTA procedure. Asvshin
Figure 4(c), the second layer’s sub root for nodeand | is
node C; the second layer’s sub root for nodes Bné,J is also
node C. Thus, the MTA procedure will be performeder the
sub tree whose root is the second layer sub root.

There are some differences between the second &yer
Root MTA procedure and the Sub Root MTA procedur¢he
Sub Root MTA procedure, the adaptive message isfean
the sensor node to the sub root. In the second Byk Root
TA procedure, the adaptive message first is semh fthe
sensor node to the sub root. The sub root will themnd the
collection message to all intermediate nodes insihie tree.
After receiving the aggregation messages, the sob will
forward the adaptive message to the second layerosi. The
aggregation messages in the sub root will be agthdb the
adaptive message. Thus, the second layer sub pmEst dot
necessarily send the collection message to thercatb The
second layer sub root only needs to send the tiolfemessage
to the intermediate nodes not in the first laydr ot and not in
the sub tree of the first layer sub root.
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In the example depicted in Figure 3(c), when nodlesid D
receive the adaptive messages sent from nodes | Fand J,
nodes A and D will send collection messages to adland F,
respectively. After receiving the aggregation mgssasent
from nodes G and F, nodes A and D will forward ¢hadaptive
messages with the aggregation messages
respectively. In this case, node A does not neeseta any
collection messages to any intermediate nodes. setwend
layer sub root will then announce which nodes né¢dehange
in the new sub tree.

According to the aggregation procedure in the Fger sub
root, the number of collection messages will beuced in the
second layer Sub Root MTA procedure. Moreoverdtlind
fourth layer Sub Root Message-Tree Adaptive promsican
also be proposed based on the second layer SubNRbAt
procedure concept and be used to improve the pesfure.

1800000
1600000 |
1400000 |
1200000 -
1000000 |
800000
600000
400000
200000 |

DL
100

=-with L1 SRMTA
—<~with L2 SRMTA
- with L3 SRMTA
—< with L4 SRMTA
-S-without MTA

total cost

-- with MTA on sink

200

300 400

number of nodes

500 600 700 800

to node

900 1000

In order to show the performance improvement cf¢HdTA
procedures, some links will be randomly selectedhange its

event rates and some nodes will be randomly sel¢atehange

its query rates. The range of the threshold v#luased was

from 5% to 95%. Two performance metrics are considlién
ti#s study: the average total cost, and the avesalggtation

cost. The adaptation cost is used to measure #rbhead of the

MTA procedure.
TABLE |
THE IMPROVEMENT PERCENTAGE(100LINKS)

with L1 | with L2 | with L3 | with L4
node$ SRMTA | SRMTA | SRMTA | SRMTA

100 | 0.93578%50.9357850.9357850.935784
200 | 0.9404150.9404150.9404150.940415
300 | 0.9340480.9340480.9340480.934044
400 | 0.9330790.9330750.9330750.933075
500 | 0.9334880.9334880.9334880.933484
600 | 0.9343290.9343290.9343290.934324
700 | 0.9321060.9321060.9321060.932104
800 | 0.9305970.93059710.93059710.930597
900 | 0.9279270.92792710.92792710.927927
1000{0.9268850.9268850.9268850.926885

with MTA
on sink

0.935785
0.940415
0.934048
0.933075
0.933488
0.934329
0.932106
0.930597
0.927927
0.926885

The MTA procedure overhead can be divided intoetparts.
The first part is the number of adaptive messafles.adaptive
nessages should be sent from the sensor nodgetiiatm the

Fig. 6. The Average Total cost (100 links). The ioyed percentage falMTA procedure to the sink or sub root. As showhigure 4(a),
MTA procedures is identical. This is because 10Rdiare randomly selectgg adaptive messages are sent from nodes E,IFaR J to

to change event rate and in most cases the sulwilbbe the sink.

V.
EXPERIMENTS ANDRESULTS

A. Smulation Setup

he sink. Thus, the number of adaptive messages frade |,
Report (1) is the hub count between node | andsthk or sub
root. The second part is the number of collectiod eeport
messages. The collection messages should be senttfe sink
or the sub root to the intermediate nodes. Thertepessages

A simulator was implemented to evaluate the progoseare sent from the intermediate nodes to the sikesub root.

procedures performance based on the simulatiortsedthe
simulations are used to compare the differencesdsst the
different layer sub root Message-Tree Adaptive pdaces and
Message-Tree Adaptive procedure on the sink. Tnsirsg
field is 256 x 256, and the number of deployed sensaried
from 100 to 1000, which are randomly deployed i $ensing
field.

The sink is in the corner and the object trackirge tis
constructed and reconstructed using DAT. The ntghpliofile
is generated based on the city mobility model psepoin [14]
and the query rate of each node is randomly assighke
object made 200,000 moves in each mobility prablensure
that the resulting mobility profile was statistiyasignificant.
To ensure stable results, each simulation ran 100ility
profiles. The confidence level is 95%, and the werice
intervals were not shown in the figures so thaffitpures do not
become confusing.

As shown in Figure 4(b), nodes A, D, F, and G welteive
the collection messages and report the aggregatémsages to
the sink. Thus, the number of collection and repoessages
from node I, Collection (1), is two times the hubunt between
node | and the sink or sub root. The last parhésrtumber of
announce message sent from the sink or sub rabeteensor
nodes that needed to change after the MTA procedse
shown in Figure 4(c), nodes G, H, and | will reeeithe
collection messages. Thus, the number of annouessage at
node |, Announce (1), is the hub count between ricaled the
sink or sub root. Therefore, the adaptation casbeadefined as
follows:
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210000
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]
5000
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200

300 400 500 600
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Fig. 7. The Average Adaptation Cost (100 links)

700 800 900 1000

Adaptationcost= ) Report(i)+
i0SR

> Collectior(i) + > Announce(j, i ON ")
i0Sc i0Sa

6 is 20%. From Figure 6 and Table I, all of the MTA
procedures can significantly improve the total dosthe object
tracking tree. Figure 7 shows that the adaptatiost of the
MTA on sink is still very large. Due to the aggréga
procedure in the first layer sub root, the adaptatiost can be
improved using the Sub Root Message-Tree Adaptive
procedure. The improved percentage for all MTA prhges is
identical. This is because 100 links are randorelgced to
change event rate and in most cases the sub ribbewthe sink.

In Figures 8 and 9 and Table Il, 10 links are ramiyo
selected to change their event rates in the myhpititfile, select
10% nodes to change their query rates, nig 20%. From
Figure 8 and Table 2, all of the MTA procedures itaprove
the total cost of the object tracking tree. Figighows that the
adaptation cost for the MTA on sink is very larged ahe
adaptation cost can be improved by the Sub RoosdgsTree
Adaptive procedure.

In Figures 10, 11 and 12, 1 to 100 links are rangaelected

where & represents the set of the sensor node which shoﬁ?dChange event rate in the mobility profile. Téestill is 20%,

send the adaptive message,iSthe set of sensor node whic
receives the collection messages sent from theairike sub
root, and % be denoted the set of sensor node that need
change after the MTA procedure.

B. Results and Discussions

TABLE Il
THE IMPROVEMENT PERCENTAGE(10 LINKS WITH 10%QUERY RATE CHANGED

with L1 | with L2 | with L3 | with L4 |with MTA
node$ SRMTA | SRMTA | SRMTA | SRMTA | on sink
100 0.8606930.8451320.7962720.7962720.795470

200 |0-9048200.8946630.8814790.8814790.881479
300 |0-9008290.8969500.8726640.8615010.861501
400 |0-8984330.8840180.87009(0.8666120.866612
500 |0-8804630.8660320.8527640.8432480.843248
600 |0-8694520.8577340.8365140.8271020.825923
700 |0-8958450.8757100.8626410.8525800.852580
800 |0-9048740.8892190.8735640.8657370.865737

0.8974970.8838620.868181/0.8634090.863409
7
0.841277

900
1000

0.8823890.8647700.8530240.841277

In the following figures and tables, the line destbby without
MTA is the results from the original object trackirree
affected by the changed mobility profile. The lidenoted by
with MTA on sink is the results from the MTA proced
running on the sink. The line denoted by with LINMSRA is the
results from the Sub Root Message-Tree Adaptivequtore.
The line denoted by with L2 SRMTA is the resulterr the
second layer Sub Root Message-Tree Adaptive proeednd
SO on.

In Figures 6 and 7 and Table I, 100 links are ramlglo
selected to change their event rates in the mplptivfile, and

hand the number of sensor nodes is 1000. From KdlLeeand

12, all of the MTA procedures can significantly iroge the
t%al cost for the object tracking tree. When thenher of
modified links increases, the improvement percenfagall of

the MTA procedures becomes identical. Figure 1t al®ows
that the adaptation cost for the MTA on sink ifl stry large.

Due to the aggregation procedure in the first laydr root, the
adaptation cost can be improved using the Sub Root
Message-Tree Adaptive procedure. The adaptatidrstigbtly
increases when the number of modified links inaesaand it
because that the amount of report message sentlimnodes,

whose link is modified, are increased.
1800000 o SRMTA
1600000 - L 12 SRMTA
1400000 | A ith L3 SRMTA
2 1200000 - \igh L4 SRMTA
2 1000000 -5 without MTA
‘:2 800000
600000
400000

200000

oL
100

200

300 400 3500 600 700
number of nodes

Fig. 8. The Average Total cost (10 links with 10%ery rate changed)

800 900 1000
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Fig. 9. The Average Total cost (10 links with 10¥%ety rate changed) threshold

Fig. 14. The Average Adaptation cost
In Figures 13, 14 and 15 and Table Ill, these teslow the

performance at differer and different MTA procedures. 20 1r o with L1 SRMTA

links are randomly selected to change event rattsei mobility 0.99 + with L2 SRMTA

profile. The number of sensor node is 1000. Froguiféi 13 and U + with L3 SRMTA

Table 3, when théd is larger, the average total cost is slightly 097 & +with L4 SRMTA

increased. This is because when héncreased, the number of § gzj \ =-with MTA on sink

the MTA procedure triggered times decreases anévkeage 2094 |

total cost will increase. Figure 14 shows that wh@nis 50.93 -

increased the average adaptation cost is decreBsedumber Too2

of the MTA procedure triggered times decreases wéen “;}9;

increases.
. . . . 1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96
The analysis of the message ratio for the adaptatist is modify links

shown in Figure 15. Whef! increased, the number of adaptive ~ Fig. 12. The Improvement Percentage (1-100 links)
messages decreases. This is because harcreased, the

number of sensor nodes that needed to send adamissages 14000 s 5 5 o w5 E 5 5 5 o H B Es o oaa
decreased, and the number of announcement messegaat 1439000 L
change_too greatly. It is obvious that the mostrlowad for the 1437000 | -E-withonsMYA update cost
adaptation cost comes from the collection and tepessages. ; ~-with L1 SRMTA
. . . . 21435000 - —2-with L2 SRMTA
With the aggregation procedure in the sub root attieptation g S with L3 SRMTA
cost can be greatly improved using the Sub Rootshigs-Tree I:“”O']" [ B2
Adaptive 1431000 ’
procedure 1429000 f
1590000 - 1427000 -
1570000 - 1425000 —A—a—a—p—3 S st
1550000 - G;\a \cg\o qf;\o ,,3‘;\0 &;\o L\‘;\e bﬁ;\e '\"?\e .;b‘:“\u qc:g\a
. :
2 1530000 - i threshold
S 1510000 | +in: 3 Sﬁxﬁ Fig. 13. The Average Total cost
s ——with L4 SRMTA i
1490000 o without MTA 22500
1470000 -&-with MTA on sink 20500
? g 18500 -
1450000 216500 [ ——
1430000 214500 with L1 SRMTA
1 9 17 25 33 41 49 57 65 73 81 89 97 £12500 ~with L2 SRMTA

“with L3 SRMTA
~<with L4 SRMTA
-=-with MTA on sink

modify links
Fig. 10. The Average Total cost (1-100 links)

adagt
=3
I
>
<>
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modify links
Fig. 11. The Average Adaptation cost (1-100 links)
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From these results, the MTA procedures can sigifiy

oo improve the total cost when the actual mobility miloid very

000 different from the mobility profile, as shown ingtires 10, and
2o 12. Moreover, when the actual mobility model isyvdifferent
Faow from the mobility profile andd is not larger than 20%, the Sub
200 Root Message-Tree Adaptive procedures can provit g
performance in the update and adaptation costseMenwhen
the actual mobility model is little different frothe mobility
profile, the system performance has less improverifénen 8

is set too high, the system performance also has le

improvement.
Fig. 15. The Adaptation cost anal‘yr;si;
TABLE I V. CONCLUSION
THE IMPROVEMENT PERCENTAGE . . . .
thres| with L1 | with L2 | with L3 | with L2 |with MTA Most tree construction algorithms for object traki

hold | SRMTA | SRMTA | SRMTA | SRMTA | on sink proposed are based on a predefined mobility prafilé query
0.9890520.9890170.9890060.9890060.989006 rates. When the actual object movement behaviadsqaery

5% |784 388 977 977 977 rates are very different from the predefined mopjprofile, the
0.9890800.989031/0.9890060.9890060.989006| Object tracking tree performance will become wor3e.
10% |546 269 977 977 977 upgrade the object tracking tree, the sink needstiect the
0.9890730.989037/0.9890060.9890060.989006 real movement information from the network, andorestructs
15% 606 515 977 977 977 the object tracking tree based on the real movement
0.9890900.9890370.9890060.9890060.989006 information, but this collection implies in the kisending very
20%|957 515 977 977 977 large messages to collect the real movement infdomdrom
0.9891380.9890390.9890060.9890060.989006| the network, and introduces very large adaptatast.c
25%|152 598 977 977 977 In this paper, the Sub Root Message-Tree Adaptive
0.9891720.98903§0.9890060.9890060.989006| procedures were proposed to provide good totalveitisiower
30% 855 209 977 977 977 adaptation cost. The Sub Root Message-Tree Adaptive
0.9891760.9890560.9890060.9890060.989006|  procedures collect real movement information frbmsub tree,
35%325 949 977 977 9r7 and reconstruct the sub tree based on the real munte
0.9891950.9890560.9890060.9890060.989006|  information and actual query rates. From the sitiararesults,
40%758 949 977 977 977 our method improves the update and adaptation castsbe
0.9892140.9890590.9890040.9890060.989006|  jmproved. From the adaptation cost analysis, mdsthe
45%498 031 201 9771 977 adaptation cost overhead is from the collection aspbrt

. 0.9892280.9890590.9890040.9890060.989006 messages. Although the adaptation cost can be img@rasing
50%]379 031 201 977 o771 the Sub Root MTA procedure, it can still be furtimproved by
0.9892420.9890810.9890230.9890260.989006|  fy(re research. For example, from the results shiowrigure

25% 859489244 5289081319789022 319189029 379789006 15, the most ratio of adaption cost is the colettost, and it
60% 342 o4 o4 187 977 becauses that the sub root needs to collect thrertutraffic

envieonment. We think that the aggregation mechawisthe
multi-sink mechanism [26][27] can be introducedinmrove
the adaptation cost.

0.9892380.9890910.9890220.9890300.989006
65%789 651 246 575 977
0.9892290.9891060.9890260.9890400.989006
70% (767 226 411 292 977
0.9892650.9891290.9890530.9890560.989006
75% [857 13 478 949 977
0.98926710.98914590.9890650.9890770.989006 [1] D. Braginsky and D. Estrin, "Rumor routing algonitlor sensor

networks," ACM International Workshop on WirelesnSor Networks
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