PN [ BE 7
E}%ﬁi%' T~

F_w.
—\
)
s
e
7\_{-;
_‘«,%
Jﬁj\
.|
et
&
e
Qe
NEN
NN
I

Color-theory-based Dynamic Localization in Mobile

Wireless Sensor Networks

pa

x4 iF % A

LR 2R EL

i B e | M E 4R






Color-theory-based Dynamic Localization in Mobile
Wireless Sensor Networks

R A Student : Shen-Hai Shee

do Eca 0 2 FA Advisor : Kuochen Wang

A Thesis
Submitted to Department of Computer and Information Science
College of Electrical Engineering and Computer Science
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master

in
Computer and Information Science

June 2005

Hsinchu, Taiwan, Republic of China

PEARY LS






B 17 A 3 K 2R
Wt 5t A fE £ B

mXOREEGEES

A RIARE A i

ATEEam AL

Color-theory-based Dynamic Localization in Mobile

Wireless Sensor Networks

G A RS -~ SGEAR A ErarEe -

AR s
N N i
-1 )

ISR
20 {%

I
BEAE 4—*—"**?
e REAFEEARS H



B ¥ X @8 K #
WAL XX ETHEAHRAE

(Pepriet ARITH A X E L RZLAM)

A Fpr il 2 i s %$Aﬂﬁﬂﬁmt%ﬁmﬂ L % P
m-gg%#ﬁ% PRI B 2 S 3 ¢

ﬁ @ 4 o] 4038 T AR B RS LN 2 8 16 R L 2

hﬁ%$%ﬁ’ﬂ#$%*%ﬁﬁﬁ@iiﬁﬂ%ﬁﬁﬁ%%h
2osh 8 gy RS EN T WIRAEE iﬁﬁﬁjaﬂ$~
m@ﬁﬁﬁﬁ%mmmzam @iiﬁk%&uw & K9 % i,
) & g 45 A PR ﬂ#l’-“lﬂl-kii-um$ Joﬂﬁuuﬁm:%-ﬁﬁ
mﬁﬁ~ﬁﬂﬂﬂm WA A AN o SR H AT
Lk M TR -

WA B e o ] 2 6 B AR

FALAR G B A RS R G EIRAR W B

¥ 7 4R I ) 2 W R

B AXETHEITEEEE®

# M AR

REREL
v#RE . % o A v B



B ¥ X @ K £
GEEL RS E T T

(RPEBBARITR S XTF /M EZRER)

REAE AT 2 RO 0 HAARE LT T AP A A
_ fa 93 BFEEFE_ SHREAESRZ i

OUAA B AT E) AR R MR T RN B 1R 2 S A i
AL TR

| JGRA

AN ARFAE  AIERM - SR B 3 il K2 e dh
) THREE - ERAF 20A  REOMAGRPEHEZE
G v B 303l R ) F AR AR - B R Rk
G-I fE M SR A 0 B A AT R B S B Ep o

B3 B kAR 18 B A R P AR IR T e
FIRMEZ — o IR BRE 7 ST
E_ % A aBEAM-

e WS
nexzs:_ |
PERE - & - A H




8B
475 d:‘é*ﬁ‘imﬁ%mﬁgﬁ LEREE

(LA HE AT AR AR B T 2 1% )
[D:GT00H223508

A EMIEB X ABMALR Y SRR ETMALAm 03
PEEY  PMRFEESE i e

o AR B fEAT ) A AR BT A RS T RN & R 1038 2§ AR T A 4k T
SH 4R LA

P ERRAMATA FEHM 2 L2 (2%) » ERE -
BARIEA B BB E 45 0 R SRRk o B s et s
S AR AL K Lot E Y - B4 mibz A% AW
LEFHAEREET N - REBFENBEAESHN T8 LG
M - FRAIEp -

SO OMAARNIFAFIMT 2 btk - ME - FTREEP LRS- B EEHE
A8 [, g -

RHMA IR
RERD

REL % B '8



Vi



’“\‘
iy
E:
I
oy
fﬂ:
E\E
_‘Fg
.@
-
il
N
).
(2NN
NEN
AN
)
o,
‘%\

“?“'\Hﬁ A AR RRERUEY LR XE R A o Bildrs
FI* i F o Bad it AEaLde ] ek o d 2 GPS ik
FooFrIRG RR R AU R VFE G il ehE g e
B BT R (T @ FIRG Y A T ST A B 2
TR hiz- B P o AP/ - BANI R ANER LR
%% CDL-CDL 1% ¥ %% 4 gF 3 4o =% 12 2 RGB
EFE R PIRRE - B E TR R E - B E R

4 RGB 47 &% i $ 87 RGB @ § B 1 PR B kL

e

—\

1 e T3 CDL E4RP ¥ 5V df o T £ 57 0 F & PIRE

MRS Rk TR bloi B R L LFRE Ak s



APanToEh s > BV - BAFHRPIRERER T oz > 2
MCL 4p# > CDL ehT a2 =8 i v MCL 4+ %) 40% - 50% °

Mati @ URH R T FRERRRRER



Color-theory-based Dynamic Localization
In Mobile Wireless Sensor Networks

Student Shen-Hai Shee  Advisor Dr. Kuochen Wang

Department of Computer and Information Science
National Chiao Tung University

Abstract

Location information is critical to wireless sensor network (WSN)
applications. With the help of location, information, for example, routing can be
performed more efficiently. Since:the GPSreceiver.is expensive, existing localization
approaches use a small number-of ‘'seed nodes that aré aware of their locations to help
estimate the locations of other Sensor nodes-in fixed WSNs. However, there are few
schemes involved mobility of sensor ‘nodes. In this thesis, we propose a novel
localization approach, Color-theory based Dynamic Localization (CDL), which is
based on color theory to exploit mobile positioning in mobile WSNs. CDL makes use
of the broadcast information from all seed nodes, such as their locations and RGB
values to help the server to create a location database and assist each sensor node to
compute its RGB values. Then, the RGB values of all sensor nodes are sent to the
server for localization of sensor nodes. CDL is easy to implement and is a centralized
approach; thus it is very suitable for applications that need a centralized server to
collect user data and monitor user activities, such as community health-care systems
and hospital monitor systems. Simulation results show that in the MSNSs, the location

accuracy of CDL is 40% - 50% better than that of MCL [17], which is only available



location approach targeted for mobile positioning in WSNSs so far.

Keywords : color theory, dynamic localization, mobile wireless sensor network
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Chapter 1

Introduction

A wireless sensor network (WSN) consists of a collection of wireless sensor
nodes operating in an ad hoc manner within a particular area. Because of the
properties of low-powered, small sizes, low-cost, WSNs can be applied to several
areas, including battlefields, emergency systems, health-care systems and smart home.
For WSNSs, localization is a critical issue;: By exploiting location information, routing
protocols can operate more efficiently. To obtain locations, nodes may be equipped
with a GPS receiver, which is considered accurate and reliable; nevertheless, it is

expensive and not feasible for sensor nodes due to its power consumption.

Existing localization approaches can be divided into two categories roughly:
range-based and range-free. In range-based approaches, certain ranging technologies
are employed by sensor nodes to measure the distances between nodes, which include
Received Signal Strength Indicator (RSSI), Time Difference of Arrival (TDOA),
Angle of Arrival (AOA) etc. With the knowledge of distances to at least three
location-aware nodes or seeds, nodes are able to calculate their locations by
performing triangulation. In range-free approaches, localization is performed without
the need of ranging hardware; thus they are more cost-efficient and consume less

energy. But as it should be, they are coarser in terms of location accuracy.



For the design of localization approaches for mobile MSNs, mobility presents a
critical issue. Lots of localization approaches are presented [2] [3][12][14]. However,
few of them deal with mobile localization for mobile WSNs. There are a few mobility
issues addressed. [4] discussed the issue of mobility prediction in WSNs. With the
help of the prediction of mobility, the connectivity failure can be predicted and
prevented. In [5], mobility is taken into account to the effect of localization. In [1],
four mobile beacons are used to form a square and nodes within their center of

detection area calculate their corresponding locations as the centroid of the square.

The thesis is organized as follows. In Chapter 2, the related work of localization
is reviewed. In Chapter 3, the design approach is proposed. Simulation of the design
approach is performed and discussed. in Chapter 4. Finally, conclusions remarks are

given and future work is outlined-in Chapter 5.



Chapter 2
Related Work

In this chapter, we review existing localization approaches and compare them

qualitatively.

2.1 Categories of Existing Localization Approaches

Because of the diverse properties of environments and signals used, existing

localization methods are classified into indoor and outdoor localization systems.

2.1.1 Indoor localization systems

The design and deployment of:indoor-localization systems are challenge tasks
due to the indoor characteristics. With-the existence of metal and reflective materials
that influence the propagation of signals and cause multipath effects and interference,
the way of designing indoor localization systems is completely different from that of
outdoor localization systems. However, on the other point of view, the in-building
localization system can exploit the spatial properties of the region to promote
efficiency and accuracy. In [6], a predictive model for indoor tracking of mobile users
was proposed The building is segmented into several spatial components and the
trajectory of the users is represented by an abstract spatial graph. In addition to the
conventional localization system that tracks users using signal strength and direction
[10], the properties of the location fingerprint were employed to improve the design
and the deployment of the localization algorithms [7][8]. In RADAR([7], the signal
data of various locations are collected and recorded as a function of the user location.

3



The database stores the collected signal data, which is known as location fingerprint
database, which is a critical step in the design of location algorithms. The properties
of signal should be taken into consideration carefully [8]. An analytical model was

proposed to analyze indoor positioning system [9].

2.1.2 Outdoor localization systems

Outdoor localization systems are featured in large-scale, hop-by-hop transmitting,

and small number of seeds, and can be classified according to mobility of networks.

2.1.2.1 Static localization system

Ad hoc positioning system [11]: The Ad Hoc Positioning System (APS) uses one
of several propagation methods to perform localization. The hop-by-hop propagation
approach is used to obtain the distancessbetween the nodes and landmarks. Once an
arbitrary node has obtained distances to more than 3-landmarks, it is able to perform
triangulation to estimate its location, There are three propagation methods proposed:
DV-hop, DV-distance and Euclidean 'propagation methods. DV-hop employs a
distance vector exchange so that each node obtains the hop distances to the reference
nodes. It is simple and only works for isotropic networks. DV-distance is similar to
DV-hop; however, the distance between nodes is measured using ranging technologies.
Euclidean propagation method is based on propagating the euclidean distance to
reference nodes. The drawback of APS is that the topology of APS needs to be
regular or symmetrical. Besides, the high density of landmarks is needed to guarantee

certain accuracy.

Multidimensional scaling [3]: The multidimensional scaling (MDS) determines
the relative locations of nodes by using local distance information and MDS-MAP

[26]. With few seeds, the performance of MDS is still good even within anisotropic



topologies and complex regions. The disadvantages of MDS are high computation

complexity and poor scalability.

Localization of wireless sensor networks with a mobile beacon [14]: This
approach exploited a mobile beacon to perform localization. Each node receiving
packets from a mobile beacon uses the information including the coordination of the
beacon to estimate its location and infer the location constraints to the mobile beacon.
Each node applies Bayesian inference to calculate its new position from its old
estimated position. After receiving all of the packets from the mobile beacon, the final
position estimate is computed. It is cost effective and simple because only a beacon is
needed. The drawback is that it lacks of robustness. In other words, the system would
crack down if the mobile beacon collapses:Moreover, it is necessary for the mobile

beacon to have full energy.

Location estimation systenmtusing'wireless-ad hoc networks [13]: The system uses
an accumulator host to perform localization. Sensor nodes measure distances to their
neighbors and elect a host among them as an accumulator host. The mission of the
accumulator host is gathering estimated distances from other sensor nodes and
estimates the locations of them. Because of the way of gathering information, it lacks
of scalability. In addition, the overhead of the system is expected to soar substantially

when the number of sensor nodes increases.

Others: [1] performed localization using mobile beacons, which is different from
[14]. In [1], the algorithm is based on only one mobile beacon which is aware of its
position by equipping a GPS receiver. The sensor nodes estimate their locations by
using receiving packets including the beacon’s location information delivering by the

mobile beacon. In [1], four mobile beacons move towards the node to be localized and



form a square. The location of the sensor node is the centroid of the four mobile
beacons’ locations. The comparison of localization algorithms for sensor networks
with only one mobile beacon is given in [15]. The mobile-beacon algorithms are
characterized by its simplicity of implementation and flexibility. However, the

robustness is a critical problem with the concern of the failure of the mobile beacons.

2.1.2.2 Mobile localization systems

There are few existing localization algorithms in which mobility is involved.
Nevertheless, mobile networks play an important role in the field of wireless networks.
Most concerns were focused on the influence of mobility upon wireless sensor
networks. [16] uses node position and speed to predict when partitioning will occur
and which link is critical. [4] predicts the change of network topology by exploiting

the regularity in mobility patterns-and thus,improves existing routing protocols.

GPS-less low-cost outdoor Hocalization for very small devices [12]: The centroid
method assumes that the ranges“of coverage of reference points overlap with each
other. With the assumption, each node uses the connectivity metric to get a subset of
reference nodes and localizes it to the centroid of the selected reference nodes. While
the method is simple and requires no coordination among sensor nodes, its application

is limited due to the assumption of overlapping coverage of the reference points.

Localization for mobile sensor networks (MCL) [17]: In this approach, sequential
Monte Carlo method is used to estimate the posterior distribution of discrete time
dynamic models. There are two phases involved, which are prediction and filtering. In
the prediction step, a node computes its possible location by applying the mobility
model to each sample. In the filtering step, a node filters possible locations based on

new observations. Besides, it is a range-free algorithm which is cost effective but is



less accuracy than the range-based approach. The MCL needs high seed density to

improve location accuracy during the exploitation of seeds in the filtering phase.

Mobility-enhanced positioning in ad hoc networks (MAP) [24]: In MAP, mobility
is concerned and the simulation showed the performance was improved with the aid
of mobility. The simulation results have shown that mobile nodes can improve

accuracy by bridging gaps within neighborhoods.

2.2 Comparison of Different Localization

Approaches

The above mentioned approaches are compared in Table 1, according to the
following factors: centralized or distributed; mobility, outdoor or indoor and number
of reference nodes. The proposed color-theory based dynamic localization (CDL) is
also included in the table, which will be-described in Chapter 3. First, the metric of
centralized or distribued indicates:that whether -there is a server in the network
responsible for localization of all nodes or not. In APS, Centroid method, LMB and
MCL, nodes perform localization locally; the other approaches rely on a server to
perform localization. Secondly, mobility indicates weather nodes in network are fixed
or mobile. MCL exploits mobility of nodes to improve location accuracy. Thirdly, the
outdoor or indoor metric is related to the environment of networks. Only the RADAR
is performed indoor. Fourthly, the number of reference nodes is the number of nodes
needed in networks. MDS uses distance information among nodes and needs less
reference nodes. LMB only involves one mobile beacon to deliver location
information. Each node in CDL does localization using information of all reference

nodes and thus it performs well with few reference nodes.



Table 1:

Comparison of different localization approaches.

centralized Number of
. outdoor
Approach or mobility . reference nodes
- or indoor
distributed (seeds)
RADAR [7] centralized low indoor high
APS [11] distributed low outdoor medium
Centroid distributed no outdoor high
method [12] g
MDS [3] centralized no outdoor low
LMB [14] distributed no outdoor low
LES [13] centralized low outdoor medium
MCL [17] distributed medium outdoor high
CDL . .
centralized medium outdoor low
(proposed)




Chapter 3

Design Approach

In this chapter, we propose a novel color-theory-based dynamic localization
(CDL) algorithm. We first introduce the color theory, and then the proposed

localization algorithm is described.

3.1 Introduction to Color'theory

Consider what happens if we mix blue-and yellow color together. The result will
be the green color. In the color-model,the red, green and blue are the three additive
primaries. Any color can be obtained by mixing together various amounts of red,
green and blue colors. If the color primaries, red, green, blue are mixed, they may
form the yellow, cyan, magenta, and yellow [18]. When all three primaries overlap,

they produce white, as shown in Fig. 1.



Magenta

Fig. 1. The mixture of primary colors. The three colors, green, red, and blue, are mixed and produce

yellow, white, magenta, and cyan.

In the RGB system, every color cansbe expressed by assigning different values
within some scale, for example, 0 to 1. In addition to the RGB system, there exists
another color system, HSV. HSV/ stands for Hue, Saturation, and Value, and it uses
these three concepts to describe a color [21]."In the HSV model [22], the hue is
depicted as a three-dimensional conical formation of the color wheel. The saturation
is represented by the distance from the center of a circular cross-section of the cone,

and the value is the distance from the pointed end of the cone, as shown in Fig. 2.

3.2 Introduction to CDL

Since our approach involves both the RGB and HSV systems, the conversion
algorithms between HSV and RGB are needed. We adopted the algorithms described

in [23]. Our approach is based on the color theory, in which the location of sensor

node i is represented as three different values, namely, (R;,G;,B,). A seed is a sensor

node aware of its location by equipping a GPS receiver. We adopted the DV-hop

10



approach [24] to obtain the distances between nodes. There are four phases involved

in the CDL.

In the first phase, each seed is assigned with different RGB values and it
broadcasts a packet including these values along with its location to its neighbors. The
neighbors receiving the packet would record the number of hops to the seed. After
completing the broadcast, each seed receives a set of hop count values from all other
seeds and is able to calculate the distances and hops to all other seeds. The total
distance and total hop count values to all other seeds are computed and propagated
through all nodes in the WSNs. Upon obtaining the information from all seeds, each
node computes the average hop distance [24]. In the second phase, once the nodes
nearby the seeds receive the RGB valuessand locations from seeds, they convert the
RGB values to corresponding HSV values by an algorithm RGBtoHSV [23]. Based
on the color theory, the lightness of color fades out with the increasing of propagating
distances. The V of HSV of a seed; which is corresponding to the lightness, is
decreased in proportion to the hop distance to the seed . With the new HSV values, the

corresponding RGB values are obtained by using another algorithm, HSVtoRGB [23] .

In the third phase, the task of transforming RGB values into a location is
performed by a server. By the means of broadcasting, the RGB values of each seed
along with its location would be received by the server eventually, and thus topology
of all seeds is obtained as well. A location database is then constructed by the server.
In the fourth phase, the RGB values of sensor nodes are transmitted to the server,
which will calculate the current location of each sensor node. The detail of the

proposed algorithm is described as follows.

11
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Fig. 2. HSV cone.

3.3The Information:Delivery of Seeds

In this section, we first definetsome-notations for CDL and describe the first
phase of the proposed approach, namely, the distribution of the RGB values of seeds

to whole sensor nodes. First of all, some notations need to be definited:

»  Each node i maintains a table of (R,,G,,B,) and D,k represents the k"

seeds.

» D,, Iisthe average distance.

avg

» h; isthe hop distance between nodes i and j.

» D, represents the hop distance from seed kto node i : D, =D, xhy

» Range represents the maximum distance that a color can propagate.
> (R.,G,,B,) isthe RGB value of seed k.

> (H,.S,.V,) isthe HSV values of seed k received by the i™ node.

12



The RGB values of seeds are assigned randomly from 0 to 1. After a sensor node
obtains each seed’s RGB values and the average distance and hop counts to other
seeds, the RGB values are first converted to HSV values by equation (1).

(H.,S,.V,) =RGBtoHSV(R,,G,,B,) (1)
The updated HSV values corresponding to node i of seed k are calculated by equation
2).

Dik

He=H,. S.=S. V,=@-
ik k k k k ( Range

)V, ()

The RGB values of node i corresponding seed k are then calculated:
(Rik ) Gik ) Bik) = HSVtoRGB (H ikt Sik ’Vik)
(3)

The RGB values of node i are the mean of the RGB values of all seeds.

(Ri’Gi’Bi):%in:(Rik’Gik’Bik) 4)

where n is the number of seeds that node i received.

Each seed will broadcast its RGB values and location. With the knowledge of the

RGB values and locations of all seeds, the server can construct a location database.

3.4The Establishment of Location Database

The establishment of a location database is performed when the server obtains
the RGB values and coordinates of all seeds. The mechanism is based on the theorem
of the mixture of different colors. With the RGB values of all seeds, the RGB values
of all locations can be computed by exploiting the ideas of color propagation and the
mixture of different colors. In the first place, the distance between every location i and

13



seed k is obtained:

2 2
d = (% = % P+ (% = ) ©
where (x,,y;) is the coordinate of location i, and (X,,Y,) is the location of seed k.

First of all, we have to calculate the HSV of every location i corresponding to seed k.

(H.,S,.,V,) =RGBtoHSV(R,,G,,B,) (6)
Hy, =H,, S, =S, ’V'kzL.Vk (7)
' ' “  Range
(Ry, Gy By ) =HSVtoRGB (H;, S;,Vy,) (8)
The RGB values of location i:
1 N
(Ri7Gi’Bi):WXZ(Rik’Gik'Bik) )
k=1

where N is the number of seeds.

In this way, the location for each sensor-nodecan be constructed in the location

database by maintaining the coordinate (X, ,-Y.) and.the RGB values (R,,G;,B;) at

each location i. The location of a sensor node can be acquired by looking up the

location database.

14



Procedure: RGBtoHSV ( Red , Green , Blue)
{

if Red == 1 and Green == 1 and Blue ==
{
Hue=0;
Saturation =0;
Value = 1;
Return Hue,Saturation,Value;

MINIMUM = Minimum of [ Red, Green, Blue ];
MAXIMUM = Maximum of [ Red, Green, Blue ]);
Value = MAXIMUM;

Delta = MAXIMUM - MINIMUM;

if MAXIMUM =0
Saturation = Delta / MAXIMUM;
else
{
Red = Green =Blue =0
Saturation = 0;
Hue = -1;

}
if Red == MAXIMUM

Hue = ( Green - Blue ) / Delta;

else if Green == MAXIMUM
Hue = 2 + ( Blue - Red ) / Delta;

else
Hue =4+ (Red - Green) / Delta;
Hue =Hue * 60;

if Hue<O
Hue = Hue+ 360;

Algorithm 1: Procedure for converting RGB to HSV [23].

15



Procedure: HSVtoRGB(Hue , Saturation , Value)
{ if Saturation ==
Red = Green = Blue = Value;
Exit ;
Hue =Hue/ 60;
| = the floor value of Hue;
Factorial = Hue - I;
P =Value * (1 - Saturation );
Q = Value * (1 - Saturation * Factorial );
T = Value * (1 - Saturation * ( 1 - Factorial ) );
switchl { case0
Red = Value;
Green=T;
Blue = P;
case 1
Red = Q;
Green = Value;
Blue = P;
case 2
Red = P;
Green = Value;
Blue =T;
case 3
Red = P;
Green = Q;
Blue = Value;
case 4
Red =T;
Green = P;
Blue = Value;
otherwise
Red = Value;
Green = P;

Blue=Q; }}

Algorithm 2: Procedure for converting HSV to RGB [23].

16



3.5 Mobility

In [24] it showed mobile nodes can bridge gaps between nodes where the
accurate location information cannot be obtained. In addition, It also showed that
mobility is helpful for the improvement of localization accuracy. When a mobile node
arrives at a new location, it sends a seed information request to other neighbors. If the
neighbors have the seeds’ RGB values, they transmit packets that include the RGB
values of seeds and the hop counts to seeds to the node. After receiving the packets
from neighbors, the node i compares and calculates the D, to k™ seed and get the
smallest D, . With the RGB values and D, to all seeds, the node i can calculate its
RGB values using equation (1), (2), (3), and (4). The RGB values are then transmitted
to the server and the position of node. i will:be calculated by looking up the location

database. Fig. 3 is the flowchart of the CDL algerithm.

17
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Fig. 3. The CDL algorithm.
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Chapter 4

Simulation Results and Discussion

To evaluate our method, the location accuracy is the main issue to be
investigated. Location accuracy can be improved by several ways, including
increasing the number of seeds and density of nodes or seeds. However, the tradeoff
of cost and location accuracy needs to be considered carefully. In this section, we
evaluate the proposed approach CDL by measuring its estimated location errors with
various parameters and compared with anexisting method MCL [17]. The simulation
was conducted using Matlab, which is:a-tool. for. numerical computations and is
powerful for its computing with matrices and vectors, and is easy for representing

numerical data in graphs.

4.1 Simulation Model

Our simulation models a network where all sensor nodes are placed randomly in
a 500 m x 500 m area [17]. We first introduce the random waypoint models [25],
which is a popular mobility model for mobile sensor networks. In this model, a node
selects its destination and velocity randomly. After it reaches the destination, it pauses
for a period of time (pause time) selected randomly. In [19], the random way point
model was shown to fail to provide a steady state because of the decreasing of the
average node speed over time. [20] provided a proof for the phenomenon mentioned
above and came up with a methodology which guarantees the constancy of the

average node speed distribution. For comprising with MCL[17], we adopted the
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modified random waypoint model from [17], in which nodes randomly choose their
speed during each movement instead of selecting a certain speed for each destination.
In addition, we assume the radio range is a perfect circle [17]. The node speed is
uniformly distributed within [Vmin, Vmax]. Table 2 lists the simulation parameters,

which are defined as follows:

>  Seed density (s,): the average number of seeds in one hop transmission range
[17].

» t, Time slot length between location announcements [17] .

u

»  Estimate error: expressed in terms of the node transmission range R .

> Node density (n,): the average number of sensor nodes in one hop transmission

range [17] .
Table 2 Simulation‘parameters [17]
Parameter Value
Area size 500x500 m®
Node speed Randomly choose from [Vmin,Vinax]
Node transmission range (R) 50m
Pause time 0
Number of samples maintained ”
(for MCL)
Measurement period 50 t,
Time slot length (time unit) t,
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Fig. 4 shows the estimate error measured in terms of the node transmission range

R, for different node density (n,). The more the number of sensor nodes, the better
the location accuracy of sensor nodes. The estimate error can be archived below 0.3 R

when the node density is more than 6.

1 —— ;=2
09 r —a— g
08 + —h— M= |0

Estimate Error (R)

5 10 15 20 2% 30 35 40 45 30
Time
Fig. 4.  Impact of node density.

Fig. 5 shows the location estimate error in R with different number of seeds, with

V..« = R in terms of meters per time slot for n, = 10. A seed is a node aware of its

location. It can assist other sensor nodes to estimate their locations. That is, with the

help of information given by seeds, sensor nodes can localize their locations. With s,

= 0.4, it is sufficient for CDL to perform as accurately as MCL.
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Fig. 5. Impact of seed-density.

4.2 Comparison with MCL'[17]

We compare the CDL with MCL, which is also a range-free approach for mobile

WSNSs. Fig. 6 compares the localization estimate error between MCL and CDL over

time with s, = 0.5, Vmin =R, and n; = 10. The MCL can exploit past information, so
its accuracy improves over time. Although the CDL does not use the past information,

it performs quite well and stable over time.
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Fig. 6. Accuracy comparison.

The node density plays an important role in localization. Since the location
information is provided by neighbors,, the, more the node density, and the more
accurate the localization. Besides;:the estimate error.caused by the uneven distribution
of nodes topology can be reduced ‘significantly by increasing the node density. Fig. 7
shows the impact of node density on location-accuracy, withV,,, = Rand s, = 0.5.
The accuracy of each scheme can be impraved quickly by increasing the node density.
However, in any case, CDL always performs better than MCL regardless of node

density.
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Fig. 7. Impact of node density.

Fig. 8 shows the accuracy of MCL and CDL improve with the increasing of seed
density, with V_, = R and ng '= 10. MCL performs localization by collecting
information from seeds or sensor-nodes.which-is one hop away from seeds. As a result,
seed density is a critical factor for MCL. The location accuracy improves significantly
as the seed density soars. For CDL, its location accuracy does not rely on sufficient
numbers of seed nodes, because CDL collects location information from all seeds. It

performs good with few seeds, compared to MCL.
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Chapter 5

Conclusions and Future Work

5.1Concluding Remarks

Localization is a critical issue in wireless sensor network. With the aid of
locations of sensor nodes, for example, the efficiency of routing can be improved
significantly. We have proposed an efficient Color-theory based Dynamic
Localization (CDL) for mobile wireless sensor networks. The basic idea of CDL is
based on color theory, which explaits the changes of colors with distances to localize
sensor nodes. CDL is suitable in-the Scenarios.that.need a centralized server to collect
and monitor all users, such as in health-care-systems and hospital monitor systems.
Our simulation results reveal the location estimate error can be reduced up to 0.2 R
when the seed density = 0.8 and node density = 0.5. In addition, the location

accuracy of CDL is 40% - 50% better than that of MCL [17]

5.2Future Work

To enhance location accuracy, the uniqueness of mapping RGB values to
coordinates for building up the location database can be studied for developing a
better mapping algorithm. In addition, we will implement the CDL in real mobile
wireless sensor networks, such as a Berkeley Mote platform, to further evaluate its

localization effectiveness.
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