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ABSTRACT

Node self-localization is one of the supportinghtemogies in Wireless Sensor Networks (WSNSs). s th
study, a distributed hybrid localization algorithmsed on divide-and-conquer and refinement metbod i
proposed. Firstly, the effect of ranging error he tReceived Signal Strength (RSS) model on node
localization is analyzed and the topology relatiofisanchors and unknown nodes are derived when the
least localization error is achieved and then, ltdealization-union scheme is designed and refingmen
method is presented to improve the estimate acgutainally, the simulation results prove that our
proposed algorithm has the merits of superior perémce, simple design and less overhead. Espedially
can use sparse anchors to achieve high localizatioaracy.

Keywords:Wireless Sensor Networks, Node Self-localization,ivide2-And-Conquer Algorithm,
Localization-Union, Weighted Refinement

1. INTRODUCTION content of received messages; a good example of thi
classification is the Centroid Localization (CL)
Wireless Sensor Networks (WSNs) are made up of(Bulusu et al., 2000). In the latter, NLAs utilize
small devices (nodes) which are capable of colhecti distances or angles; e.g., RADAR and the GPS. There
information from the environment such as are also NLAs that belong to both classes because
temperature, vibrations, humidity, sound, light and they use the content of the received messages and
motions. A WSN can be used in military surveillance distances/angles. These are referred to as hybrid
environmental monitoring, intelligent spaces, habit NLAs; e.g., the Triangular Centroid Localization
and structural monitoring and robotics, among ather Algorithm (Jauregui-Ortizet al., 2011), Weighted
A WSN can be also used for an early detection of aCentroid Localization (Blumenthalet al., 2007),
forest fire (Wanggt al., 2005), in doing so the damaged Sequential Greedy Optimization based Localization
area could be considerably reduced and the wildlifeAlgorithm (Shi et al., 2010), Weighted centroid
also could be preserved. In critical applicationg correction localization (LEt al., 2011) and Improved
would like to know as soon as possible the Centroid Localization (Liet al., 2012). However, the
geographical node position that reports the indiden integration of a large amount of factors into a NIsA
Nowadays, there are many Node Localization not related directly to a high accuracy. In fadtet
Algorithms (NLAs) with different accuracies and integration of all possible and suitable factors &
approaches. Despite the large amount of NLAs, theygiven real environment into a single NLA might be
can be classified into two main groups: range-find not feasible to achieve. In some cases, NLAs are
range-based NLAs. In the former, NLAs use only the designed for specific scenarios and only the most
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representative factors are considered (Barani athyF When UN receives emission signal of three anchors,
2010; Iskandarani, 2011; Newlin and Monie, 2013). triangular centroid localization is used to caltelaelf-

As we all know that there is not a universal coordinate. If more than three anchors are received
localization algorithm that presents the same aur maximum likelihood estimation can be used to lochte
for all possible scenarios. Based on the analydes othis study, this RSSI maximum likelihood estimation
existing localization algorithms and the applicatiof scheme is called RSSI-MLE localization scheme.

WSNs, we can conclude that a perfect localization RSSI-MLE algorithm takes the influence of the
scheme for large-scale networks have to satisfgethe distance of anchors and UNs into consideration and
merits as follows. (1) High localization accurady) high localization accuracy is achieved with accerat
Self-configuration; (3) decentralized localizatio(¥) distance (Amitangshu, 2010). However, RSSI location
Low communication and computation cost; (5) algorithm has the characteristic that close distaisc
Robustness. All of this leads us to propose a novelrelatively accurate and far distance is relativielyzy,
hybrid node localization algorithm named Divide-and in addition, topology structure of the anchors lzas
conquer and Refinement Method Based Localizationcertain influence on localization of UNs, so RSSI-

Algorithm (DRBLA) for WSNSs. MLE algorithm do not take full advantage of
redundant information of the networks, the effest i
1.1. Related Work general in practical application.

Hereafter, the term anchors refers to those nodles f 1.1.3. Analysis of Weighed Centroid Algorithm
which their location is known and UNs (UNs) for sieo
nodes for which their location is unknown. The next
subsections describe several representative hijhris.

With the analysis of radio transmission loss model,
(He et al., 2003) finds that simple centroid algorithms do
not reflect the influence of different anchors aheén
1.1.1. Hybrid NLAs reduce the accuracy, so W-Centroid is developed, in

Hybrid NLAs use both the content of the received Wh'Ch the weighing factor is used fo indicate the

messages and distances/angles. Some of thestatyori influence of anchors. The formula that W-Centroid
include RSSI maximum likelihood estimation scheme calculates coordinate of UN;(x;) is Equation (1):

(RSSI-MLE) (Liu, 2009), the Weighted Centroid
Localization (WCL) (Jauregui-Orti al., 2011), Improved

Centroid Localization Algorithm (ICL) (Litet al., 2012)  (x,y,)= dlIdz 4, Ida‘ qu,

Xy Xy L X

and EDIPS (Vereet al., 2011). The ICL algorithm is + +

based on APIT (Hest al.,, 2003) and the quality of d+d, dp+dy d+d (1)
perpendicular bisector. Three perpendicular bigecto Vi, Y2 o, Ys

divide the beacon triangle formed by the APIT ailion d,+d, d,+d, d +d

into six small cells. An UN assigns itself to alcey r ., 1 .1

the RSSI from heard beacon nodes. Finally, the d,+d, d,+d, d +d

centroid of the assigned cell is assumed as thiipos

of the UN. The EDIPS algorithm matches with both \yhere. 0% Y1), (X, Y») and(x, ys) are coordinates of

hybrid NLAs _and context-aware applications becausethree anchors,,dd, and d are the distance between the

it uses the signal strength from reference poims & tyree anchors and the UN respectively. The weights

reacts regarding the environment status. indicate that closer anchor has lager influencettom

1.1.2. Analysis of RSSI-MLE Algorithm C(_)ordir_la'_[e of UN, thu_s localization accuracy is ioyed
with this internal relation.

In RSSI localization scheme, emission signal stiteng W-Centroid translates range information into
of emission nodes is known, receiving nodes caleula weighing factors and greatly improves accuracy in
the signal transmission loss with receiving signal contrast to centroid localization. But W-Centroiol ot
strength, theory and empirical model is used tosfigrm resolve bugs in anisotropic networks, in other sord
transmission loss into distance, then existing ritlgms irregular distribution of nodes in networks stilash a
are used to calculate location of the node. great influence on W-Centroid.
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1.2. DRBLA noise into the calculation of RSS, which is clogethe

. . . actual application and is shown as follows Equa®)n
There are three main stages in DRBLA. Firstly, PP quale)

distances between nodes are measured. Secondl b (d d
relative angles between anchors and UN are estiinateTr()} =-10nx |g|:i| + Xig (2)
and effective verifying node is selected out toniifg P dh) ) d

estimate coordinate. Finally, the weighted centiafiall

the cursory coordinates is identified as the pdssib where, d represents the reference distance and generally

location of UN. is set to be 1; Rdy) denotes the received signal power at
Information about distance between nodes in networkd,; X4s[N(0, 0) represents the existing Gaussian random

is used to localize UNs in DRBLA. Firstly, localtzan variable and 40<10 usually; n denotes the signal

information is broadcasted from all anchors andsthu attenuation factor and<d<5. As is shown in (3), if

distance between anchors and UNs can be calcwated environment noise is not considered, received signa

based on the RSS received by UNs. Then a virtuakpo power is a function which is monotone decreasinth wi

coordinate system is established for location datmn distance. Assume that Equation (3 and 4):

and some special anchors are selected as locafizati

union, which is shown ifrig. 1. In this way, one or two ~ A=P.(d,)- X, (3)
estimate position of a UN can be achieved. Theothen
suitable anchor is taken as a verifier to find thest RSS(d) = 10lg(P (d) (4)

likely location of the UN. Finally, the resultingdation
of the UN is refined by the weighted distance betwe
anchors and the UN.

1.2.1. Nodes RSS Ranging M odél RSS(d) = A-10n< lg(d (5)

When some actual factors such as multipath, Wireless signal received strength exists determinat
reflection and obstacle are considered, signallogarithmic relationship with propagation distanés.is
propagation is always anisotropic and path attéomat shown inFig. 2, when propagation distance is short,
varies in comparison with theoretical value. Howeve signal attenuation is very fast, but distance is very
log-normal distribution model introduces environmen sensitive to the change of received signal strength

Then we can rewrite (2) as Equation (5):

a Anchor * UN © Estimate location @ Pseudo location

Fig. 1. DRBLA overview
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Fig. 2. RSS varying range in perfect circumstance

When propagation distance is very long, signal B} i

attenuation is close to linear and a slight chanfe ‘dl+d2‘2\/(xi XF +0:-yF @)
received signal strength will lead to great divigrsor \dl-dz\s\/(xl-xz)2 +(y,-Y,)

distance estimation. Consequently it can be seah th

RSSI which measures distance through signal attemua

has the characteristic that close distance is ivelgt The result of two solutions will be rightly discess
accurate and far distance is relatively fuzzy. in the following part. In this situation, there ateo

L points of intersection formed by the two cycles,iakh
1.2.2. Analyses of L ocalization Based on RSS are established by the position of anchors (Al Ay

If there does not exist range error between noaes, and distance (d1 and d2) between anchors and tha&N
UN can be exactly localized by three anchors in-two shown inFig. 3.
dimension networks. In the same way, we can achieve When there exists range error gf the solution of
two estimate position of a UN using two anchors (6) will not be precise enough. The range erroR8S
(anchor-union) and it is not difficult to get rid the range model is supposed to &), the range value will
wrong position by using another suitable anchor, be in (d- €, d + €) if the actual distance between two
which is named Verified Node (VD). Assume that the nodes. For the reason that sensor nodes are densely
location of the anchor-union is;&;, y;) (i =1, 2) and  deposited and the communication range is very short
the position of UN is U(¥ Ye), the distance between the range error is assumed to be identical in ghisly.
each anchor and the UN can be denoted iy ©1,  Then, the analysis of two-node localization in #uéual
2). Then, we have Equation (6): environment is shown iRig. 4.
As shown inFig. 4, the intersection area formed by
(Xe-X)? + (Y -y)* =d] the four cycles denotes the localization error and
{ , s (6) : :
(X=X )2+ (Y, -y )2 =d? can be labeled by Cwithout loss of generality. S
represents a circle whose circle is U and radis &

There are three possible results of solving thevabo !ine through U and Ahas two intersections with
equations, two solutions, one solution and no smiyt  borderline of §, through which tangent lines are
respectively. To guarantee that there is solutmntie =~ drawn, so intersection points of tangent lines/Ayré,
equation, we can derive that some condition must beC and D, which consists of diamond ABCD as shown
satisfied as follows Equation (7): in Fig. 5.
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A Anchor B UN

Fig. 3. Two-nodes localization model

Fig. 4. Two-nodes localization with range error

Whene is small enough, border of,&an be lined,
then the are4C, ) of diamond ABCD can be seen as

the agonic estimation of {C In this way, estimation
of ranging error is transformed into the estimatadn
the area of diamond ABCD. The problem how to get
the least localization error will be discussed as
follows.

Zhou (2009) has shown these following remarks.

Definition 1:

A subset T1 R"is called convex set if\(; + (1-A)Xy)
OT whereA[0, 1] denotes the random real number and
Fig. 5. Localization error area X1, X 0T represent two random nodes.
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Definition 2;

A function f(x) is called strict increasing funation
T if the following condition can be satisfied Ng{ + (1-
A)x2) < f(x1) + (1) f(x2).

Lemma 1.

For a smooth function f(x) defined in subsefl R"
and f(x) is second-order continuous differentiakle,
Hesse matrix of f(x) is positive definite everywlehen
f(x) is a strict convex function in T.

Lemma2:

For a convex function f(x) defined in subsefl T
R", there is:

g(f (x))+f (x,)+L+f (x ) (8)

1 1
f(a(xl+x2+L+xm)Jsr—n

where, X, X%,,... X, represents m points in the subset; And

if f(x) is strict convex function, the in EquatidB) can
achieved equation only whepx X, =... = X

Based on the above analyses, we can derive out a

theorem as follows.

Theorem 1:

If a UN U(X, Ye) is to be localized by a anchor-union
Ai (%, y), the least localization error can be achieved

when the angle formed by U andia1v2.
Pr oof:

Because Equation (9) is strict convex function, the
resulting extremum is the one and only solutiorervaingle
between two anchors and UN is close®®, the function
value is smaller. In actual application, a reastnajp can
be chosen with the density of anchors and anclardbe
used as localization-union onlyrif2-A, < o < TV2+A,,.

However, for Equation (6), there may be two sohsjo
one of which should be got rid of. In DRBLA, theake
estimation location of U will be verified by anothe
redundant anchor which will be specified as follows

If anchors A and A.; are used as a localization-
union, two estimate locationelAXei, Ye) and U (Xg, Vi)
are obtained from Equation (4-6). Then another anch
A (x;, ;) is employed to validate the real position of UN.
Let de and d; denote the distance betweeg &ind A,

U; and A, respectively. We have Equation (11):

(11)

dy :\/(Xei - Xj)z + (Ve - Yj)2
dvti =\/(Xti =X )2 +(yﬂ =Y )2
The error of d;, dy to the actual range;,dwhich is

computed by RSS ranging model, can be calculated by
Equation (12):

{Errei =||d, -dj‘ 12)
e, =], -]

Then Erg; is compared with Egrand we obtain the
smaller one which is corresponding to the realnest

C, can be considered as the external diamond ABCDjycation of the UN.

as shown irFig. 5, then we have Equation (9):

S(CU) = 2:2(tan% + tan’%j 9)

And also we havex + (Tra) = Ttand (tana)” = 2tan
a(l+tan a) = 0, then the following derivation can be
achieved based on lemma 1 and lemma 2 wheo & 172
Equation (10):

3
S(C,) =42 ><1(tang + tarﬂj
2 2 2 (10)

a+(m-a)

4¢? x tan = QZXtan%

Whena = 1t- o which meansx = 172, the equation
can be achieved. In other words, when angle fortned
two anchors and the UN 2, the least estimate error
can be achieved.

////A Science Publications
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For clarity, anchors Aand A are localization union
and W; (Xen, Ve, Un (Xu, Yu) are the two estimate
position which should be verified as shownFhig. 1.
Here, another anchorsfs chosen to be a verifier and the
distance between this verifier and the two estimate
position are calculated and labeled as, énd d;.
Finally, we can conclude thatyU(xy, W) is the real
estimate position of the UN after we getExrErr,,.

Generally, the unsuitable one of two solutions of
Equation (6) can be get rid of by the above venifyi
method. However, this method won’'t make it if the
verifier is almost in line with the localization-iom.

As shown irFig. 6, Az and A are the localization-union
and U Ug are two estimate positions. If;As chosen as
the verifier and the ranging error exists, theadisé g; and
diz won't distinguish widely because,As almost in line
with the nodes Aand A. In this situation, we will possibly
get Erp>Err,; and take | as the real estimate position of
the UN, which is not the correct decision.

ICCNT
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A Ancho lUNO Estimate location O Pseudo location

Fig. 6. Special case of verification method

A Anchor A VN

Fig. 7. Selection of verifying node

To overcome the above problem, a selection scheme However, the angle can’'t be measured directlytier t

is proposed for the verifying node. As shownFilg. 7,
A; and A.; make up of a localization-union and &
taken as the verifier, then we have the arglghich is
formed by the three nodes;(A; and A.;) Equation (13):

2 2
0 = arcco bc-a (13)
2xbxc

As we all known, 86<mtand® affects the verification if
it is too small or too big. Considering the aboitaasion,
we can choose the angle threst®(@,,<6<6may).

range-only sensors. To circumvent this issue, imate
scheme for relative-angle between nodes is propiwsed
the next subsection.

1.2.3. Estimate Scheme for Relative-Angle
Between Nodes

Angle of Arrival (AOA) is a traditional angle
directly-measure method for sensors but it is eperg
consuming and needs else equipments. Moreover, the
performance of AOA is affected by lots of
environment factors such as multipath propagafian.
solve the angle-measure problem in this study, an
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estimate algorithm of relative angle between nodes U, L; to U, A;; d; is the radius vector ang; is the polar

proposed herein. anglewith respect to the point; then the ordered pajr (d
Lo _ ;) is called as the virtual polar coordinate ¢faAd this
Definition 3: coordinate system is called as the VPCS in the

Pseudo Node UX, Vo). communication range area of the UN. Moreover, we

Assume that there are N anchors (&, y) in the ~ Nave @ =d [0, R], oy =0y O[O, 211, _
communication range of a UN named as U and the Until now, the VPCS of a UN is established and can

distance between each anchor and the UN is debgted be used to estimate the angle between the radius

d i =1, 2,...,N, then the pseudo node of the UN is (formed by each anchor and the pole point) and the
defined as the weighted centroid of the N anchodsits polar axis. Specifically, the included anglex;)
position can be calculated by Equation (14): between any two anchors (Ai and Am) and the pseudo
. point (Uc) can be calculated and is used to select
{Zg] {ZZT'] suitable localization-union and verifier which is

®or¥o) = w e (14) mentioned in the above subsections.

S =4 . . .

' ' 1.2.4. Rough Location Estimated by Different
Definition 4- L ocalization-Unions

Polar Coordinate System (PCS) in the As shovyn .in Fig. 1, there are N anchors. in thg
communication range of a UN. communication range area of. the UN and thelr_ locati
As shown inFig. 8, the position of U is taken as the IS denoted as Ax;, y), where i=1,2,...,N. The distance
pole location; a radial W, formed by U and its nearest between U and each anchor is measured by RSS gangin
anchor A, is considered as the polar axis; the model and denoted aa_dhen the pseudo Iocaupn qf U
anticlockwise is defined as the positive directihen,  can be calculated and is denoted ag¥ Yo), which is
for the any point Ain the communication range of U, d used to establish a VPCS. Until now, the localoati
denotes the length of YAn; represents the angle from information accumulated in the memory of U can be
UL to UA;; d is the radius vector and; is the polar  denoted as a matrix as follows Equation (15):
anglewith respect to the point; then the ordered pair (d
a;) is called as the polar coordinate of &nd this 1 (x.y) d o
coordinate system is called as the polar coordinate 2 (X,Y,) dy, o,
system in the communication range of the UN. Data = . e
The above PCS is established using the knowledge of
the actual position of the UN, which is not acdelesi
before node localization step. All the informatisrthat
the neighbor anchors in the communication ranga afe
the UN. Then, there is another problem that how to
establish a coordinate system which is convenient f
angle estimate between nodes.

To solve the above issue, the information about ||d +&|=y(x -x ¥ +(y -y ¥

anchors received by the UN is taken full advaniaigm d -d \/ﬁ 16
DRBLA. The pseudo node Uc of a UN is estimated and | "‘S &%)+ 0 -y) (16)

, (15)
N (X, Yn) dy oy

Any two anchors (Aand A) will be selected as a
localization-union if the below range and angle &%
satisfied Equation (16):

will replace the UN to establish a Virtual PolardBdinate %ok <|o -y <742,
System (VPCS), which will be specified as follows.
Definition 5: Then, we have localization equations as follows

Equation (17):

VPCS in the communication range area of a UN.

As shown inFig. 8, the position of Uc is taken as the |(xj-x)?+(y -y )*=q?
pole location; a radial {1, formed by Uc and its nearest (K- x,) 2+ (e -y ) =
anchor A\, is considered as the polar axis; and also, the **'" ™! A
anticlockwise is defined as the positive directidhen, . e _ .
for the any point Ain the communication range of U, d  Where, (xj,y;) represent the estimate location of the
denotes the length of \A;; a; represents the angle from [ocalization-union (Aand A).

(17)
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A Anchor m UN O PN

Fig. 8. Polar coordinate system and virtual polar coorgina

Here, another problem will come out as the numlifer o of the UN and these estimates contribute diffeyetul
anchors increase quickly. Considering that theem®e of the final estimate result of the UN. For more asady
localization-unions will bring huge energy consugiand  the distance between the UN and each anchor evelift
computation consuming but not obvious improvemdnt o but the RSS ranging model has the property thateclo
accuracy, a threshold nameg,Nis designed in DRBLA.  distance is relatively accurate and far distance is
Specifically, if the number of received anchormisre than  relatively fuzzy. Thus, the anchors in a localiaati
Nmay the anchor will take part in the range-angle ded if union should contribute differently to the calcidat of
its RSS ranks in the topspl This method may not only cut  the final estimation of the node position. In DRBLtAe
the consuming down but also improve the localiratio Method of weighted mean is employed and the difiere
accuracy because greater RSS means more precige ranfough estimates are cc.)mbllned_ to the final e_sumallﬂae.
measurement which is beneficial to node localiratio The corresponding weight is given by Equation (19):

Another anchor A (X, Y«) is employed as a
verifier when there are two solutions for the

localization-union and the verifier should satisfihe ~ W = L (19)
following angle test Equation (18): mzzl\d%1 2|
00 SO0, (18) where, @, d, denote the distance between anchoisf
and the UN, respectively. Finally, we can achieke t
where,0 is mentioned in Equation (13). final location estimate of the UN by Equation (20):
In this way, every localization-union can achieve a
estimate location kJ (Xm, Yim) Of the UN after the node (iw « j [iw y J
verification step, where m = 1,2,...,M means thatreahe o T, 4 mam
are M localization-unions. e” M Ye= T m (20)
2 Wi 2 Wi
1.2.5. Refinement m=t m=t

We can conclude from the Data matrix that different  For the reason that Data matrix is updated perédigtic
localization-unions achieve different estimate tams the anchors which are broken-down because of energy
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exhaustion will be detected and abandoned in the and denotes the level of noiseéigure 9 (a), (b)

localization step. Thus, the robustness of DRBLA bé show the radio propagation when DON = 0.1 and
guaranteed because a small quantity of broken-down DON = 0.2, respectively
anchors won't affect the localization badly. e Average Localization Error (ALE) is defined as

1.2.6. DRBLA Overview Equation (21):

The proposed DRBLA can be summarized as follows:

Ny

Z\/(xei - Xai)2 + (yei - ya\i)2

Stepl: Initiation after node deployment ALE == NxR (21)
Step2: Anchors broadcast beacon information !

Step3: UNs receive beacon information and calculate h q h ber of localized q
the distance between self and neighbor anchors ~ Where, N denotes the number of localized UNs an

according to RSS ranging model in (5) (Xai» Ya) is the actual position of the corresponding

Step4: Process according to the number (N) of ascho gNS while ()f." ye‘)ols thﬁ eztlmg:)e p_c>3|(tj|ofr_1. d h
received by a UN ommunication Overhead (CO) is defined as the

If N = 0, then the UN is unable to be localizedan average Number of Messages (NMs) broadcasted in
the localization is over the whole network
Else if 0<N<3, then take the pseudo location a&s th
estimate of the UN as shown in (14)
Else if 3¥N<N,, break and go to step 5;

In this simulation, other important parametersés s
to beAq = 16, Bpan = 5176 andB,,, = 6. For a fair

Else if NeNipg,, pick out these anchors whose RSS evaluation, we made a total of N = 100 independent

rank in the top-Nay, then break and go to step 5 Monte Carlo runs using MATLAB,
End if 1.3.2. ALE Varying AAH
Step5: Calculate the coordinate of the pseudo aode When DON = 0.1Fig. 10 and 11 indicate the ALE

establish the VPCS, then achieve the relative . .
. varying AAH when nodes are deployed uniformly and
angles between different anchors :
) . randomly, respectively.

Step6: Cho.ose_ some swtablg anchors to form As shown in therig. 10 and 11, ALE of the three

Iocgpzaﬂon—umons according FO (16) and select algorithms decreases as AAH increase because the

ver|f|er_ to get the rough estimate of the UN more useful information utilized in the node

according to (18) ) _ ) localization as more anchors deployed in the néetwor

Computer the weight corresponding to differe  5iously, DRBLA outperform the other two

rough estimate according to (19) and get the final 5| rithms at all the point of AAH no matter nodee

fusion result according to (20) deployed uniformly or randomly for the reason that

1.3. Numerical Illustration DRBLA has taken more advantage of anchor

) ) ) information and employed some effective scheme like

1.3.1. Simulation Setting localization-union configuration and verification.
Without loss of generality, the unit of range However, when AAH is close to 20, ALE of the three

parameter is set to be meter and is denoted as m: algorithms  converge gradually. The unsolvable

localization error is mostly caused by other

« Experiment scenario: All nodes are deployed in aenvironment factors like multipath propagation and
100x100 m size standard square area and the majhe increase of AAH can’t essentially solve the bad
communication range of all nodes is R, which cap al €ffect brought by ranging error.
be used to adjust the density of anchors in thearkt In addition, in the aspect of localization scheMe,

» Average Anchor Heard (AAH) represents the Centroid mainly use the method of weighted meanisind
average number of anchors received by each node ilmver dependent on the regular deployment of anchors
the network RSSI-MLE can achieve equal localization accuracy by

» Degree of noise (DON) is defined as the standardmultiple iteration but this method will definitebrise the
deviation @) of a Gauss distribution with zero-mean time-consuming and energy-consuming.

Step7:
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Fig. 9. Radio propagation pattern when DON exists, (a) DOWN1, (b) DON = 0.2
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Fig. 11. ALE varying AAH, DON = 0.1, Random

However, the effect of topology of anchors to node range-angle information has been employed
localization is taken into account in DRBLA and effectively to improve estimate accuracy. Specifica
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if DON = 0.1, the ALE of DRBLA can be guaranteed
below 15% if only AAH3. The divide-and-conquer

and refinement method are key factors for improving

the localization accuracy.

when nodes are deployed in a 100mx100m size
standard square area.

In theory, anchors need to broadcast the beacon
messages once and UNs can realize localizationlyf o

Specially, when AAH = 4 and nodes are deployed messages are received in the three algorithms. @aup

uniformly, the simulation results show that DRBLA
improve the localization accuracy in ~16% of W-
Centroid and ~8% of RSSI-MLE. For the randomly
deployment case, DRBLA reduces the localizatioorerr
in ~17% of W-Centroid and ~9% of RSSI-MLE. These
results indicate the distinct advantage of DRBLAhe
sparse-anchors network.

1.3.3. ALE Varying DON
When AAH=10, Fig. 12 and 13 indicate the ALE

with W-Centroid and RSSI-MLE, DRBLA improves the
localization accuracy by utilizing the relation Wween
anchors and UNs and it doesn’'t cause additional CO,
which is showed iffrig. 14.

1.3.5. Complexity Analyses

Obviously, the computation complexity of DRBLA is
O(M), where M is the number of localization-uniofs.
only needs several matrix addition and multiplicatin
the calculation of a rough estimate. On the otldg,sa

varying DON when nodes are deployed uniformly and threshold Ny is set in DRBLA to avoid the infinite

randomly, respectively.

As shown inFig. 12 and 13, DON affects ALE
severely and it means that the ranging error cabsed
signal interference brings negative effect on laegion.

increase of computation caused by the increasedbf. A
On the whole, DRBLA is a distributed hybrid

localization algorithm which does not need any

additional equipment like AOA and the UNs can rzali

As a whole, the average improvement on ALE of easy and effective localization after receiving duea

DRBLA is about 10%-12% compared with W-Centroid

messages in the network and then, the CO of DRBLA i

and about 4%-6% compared with RSSI-MLE. Specially, acceptable because only anchors in the network teeed

the ALE of DRBLA is below 30% if only DON 0.3,
which meets most applications.

1.3.4. CO Varying AAH

broadcast messages once and the UNs only receive
messages. Moreover, the robustness of DRBLA can be
guaranteed because anchors update their neight@r da
periodically so that some wrong or broken-down ansh

Figure 14 indicates the average CO of the three will be detected in time and abandoned in the node

algorithms mentioned in this study varying AAH
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Fig. 12. ALE varying DON, AAH = 10, Uniform
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Fig. 14. CO varying AAH
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