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Abstract. In wireless sensor network, in order to effectively reduce the influence of the complex
environment in node localization accuracy, based on trilateral plane positioning algorithm, this paper
proposes an algorithm about the mobile anchor node and fuzzy information (Mobile Anchor Node
Localization on Fuzzy Information, referred to as MANLFI) to achieve a node localization in
three-dimensional space. By constantly updating the speed and position of the anchor node, we
measure the direction angle and pitch angle between anchor nodes and other nodes to achieve node
localization. In this paper, when nodes are located by algorithm, which will act as static anchor nodes
to attach other nodes. Experiment shows that, compared with APIT-3D, the bounding cube algorithm
of MANLFI improves the localization accuracy of nodes and the stability of network and with less
delay.

Introduction

Wireless sensor network 2 (referred to as WSN) is a promising technology at present, with the
continuous advancement of technology, the demand for the application of WSN is increasing. Node
localization is one of the supporting technologies of WSN. If the node position is unknown, the
monitoring information of sensor node will make no sense, and do not work efficiently, that is, the
high performance of network cannot be achieved. WSN usually demands a large amount of
distributed computing while nodes are relatively simple. For node’s performance is limited by
energy™> volume and the network cost, WSN is only equipped with GPS equipment on a smart part
of nodes to obtain their positional coordinates which called anchor nodes. Most nodes must obtain
their locational information through special positioning algorithm. As well as constrained by nodes
hardware volume, functionality, and power consumption, many classic positioning algorithms
applied in three-dimensional space are hard. Therefore, the low-power consumption with
high-accuracy® positioning algorithm for WSN is a hot issue at present P!, Currently, the
positioning algorithm for WSN is mainly focused on two-dimensional space, just a little number of
algorithms are dealing with three-dimensional space 24,

Traditional positioning algorithm models are all concentrating on centroid. The realization of
these algorithms is to calculate the geometric centroid of the anchor nodes among the range of node
communication with its own position. Specifically speakin?, anchor nodes will broadcast its own 1D
and coordinate information signal to their neighbor nodes™>". When the unknown node monitors
the number of signal which is larger than the threshold value preseted, the geometric centroid of the
polygon maked up with these anchor nodes within the communication range is defined as the
location of the unknown node. The algorithm in this paper is not based on centroid algorithm. The
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final coordinate is determined by computing the several possible nodes coordinates to improve the
positioning accuracy and the coverage™® % of space.

The passive sensor network only provides angular measurement, and the destination coordinates
of node can be determined b%/ the cross-sight that observed simultaneously by several sensor nodes or
a single mobile anchor node!?®??, These methods are based on the triangulation measurements in the
condition of none measurement errors to uniquely identify the intersection of the line of sight. In this
paper, we present an algorithm called MANLFI that of analyzing the passive target mobile
positioning algorithm based on fuzzy theory™®?%!, By repeatedly measuring the direction angle and
pitch angle of the passive target to realize the geometric positioning algorithm in three-dimensional
space. Algorithm presented in this paper needs pre-deployment!?®2"! of some anchor nodes. Based on
fuzzy geometry theory, the current fuzzy positioning algorithm is to achieve node localization with
useing anchor node’s fuzzy information, including direction angle, pitch angle to locate the nodes in
three-dimensional space, and constantly update the speed®2? direction, and position of the anchor
node after location.

A Method about Node’s Fuzzy Information Positioning Based on Mobile Anchor in
Three-Dimensional Space (MANLFI)

Define E(X Y. Zi) is the sensor node fuzzy observing position of plane. The fuzzy direction angle

isﬁk , the blurred pitch angle is akand the position of the target node isE(x, Y, z) , using some nodes

that deployed in plane to locate other unknown nodes, then the node’s z,y coordinates can be

calculated by fuzzy geometric positioning algorithm. Cross the line of sight targeting methods which
show that these anchor nodes carry some information such as the fuzzy direction angle and pitch
angle with the unknown nodes. Using the nodes’ positions information and its coordinate has been
determined by the fuzzy direction angle and pitch angle as the node target information. Fig.1 is an

example of the direction angle and pitch angle with two anchor nodes. (55) and (aa) are the

observations sights of an anchor node.

Fig.1. Geometric positioning fuzzy information of two sensor nodes
Using the angle Eq.1 in three-dimensional space to calculate the fuzzy error:

e.: e.=ssinp ¢y
Specific calculating means following from Eq.2 to Eq.5:

Mine=> w.e. 2
p—cos?| —Ll-*mm.+n.n, 3)

Jrmiens L mien,
In EQ.3,

|,= cos(gpk)-cos(gk) m,= cos(gpk)-sin(gk) , nlzsin((pk)
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InEg.4and Eq.5, i=1..,N-1 j=i+l..,N,k=12..N, § isthe distance between the fuzzy

node Ekand the target nodeP .

The weighted calculation formula can be used to update the node’s position. Assume a node
named P(X, Y, z) which has n-possible coordinates,

ie. P,(XsY,2.) Po(Xo Y, 22) o Po(Xo Y, Z,)- X is the average value in x direction

of P(x,y,2), § is the average value in y direction of P(X, y, z), Zis the average value in z direction
of P(x,y,z), and described as Eq.6:

- 1 - 1 - 1

X=;;wa:;;yil:;;2i (6)
3 Xi y L : i
¥ Xy xé

leilliy: : 11Z:|:1i (7)
D D oD S
i=1 X i=1 X i=t Z;

Eq.7 is the weighting Equation, through these steps we obtained the latest coordinate(x,y,z) of the

unknown node.

After each round of the algorithm, when the distance between anchor nodes is not within the above
mentioned range in three-dimensional space, then the speed and direction of the anchor nodes will be
updated by Eq.8:

Vi=Vt(1-n)ve d,=nd,.+(1-n)d ®)
In Eq.8, y,and (], are the speed and direction of anchor node in k moment, vand d are the

average speed and direction of anchor node,7is a random parameter and its range is in0<zn <1.

When the speed and direction of anchor node are confirmed, the new position of the anchor node can
be calculated by Eq.9:

Xia = X TV (COS(%jj ! yk+1= yk TV, [Sin[cg(]j 1 Za = 2 TV '\/ESin(%j'COS(%j (9)

In Eq.9, (Xm’ ym,zkﬂ),(xk,yk,zk)are nodes positions in k and k +1 moments. After all the
anchor nodes’ positions are updated, the algorithm will start the next round positioning.

Time delay in MANLFI algorithm calculated from 4 aspects: the time that anchor node broadcasts
information, namedt, _; the time that the anchor node moves, namedt  ; the time that the

unknown node responses the signal, namedt _, and the time that uses fuzzy information to locate

node ¢, , the total time can be calculated as Eq.10:

T = tbcast + t ret + tmove + tloca (10)
According to Eq.10, the total time of MANLFI, APIT-3D and Bounding cube can be described
with Eq.11, Eq.12 and Eq.13:

T NMANLFI :(m(qZ. AH _1)+ n)' ND .tbcast+iz_ml:dea(k,k+l) ’ tmove+(n _m)'AH .tret+%.(n_m)tloca (11)

(i)
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T oo :(m((q“+3-q)~AH —1)+n)- ND-t,+m-AH t,+5(n-m) t,, (12)

m
T Bounding cube = |:n +m ((q3+5q) AH _1)j| 'tbcast +m- AH .tret+§.(n - m) .tloca (13)
The result of Eq.12minus Eq.11 is described as Eq.14:

T APIT-3D _T MANLFI (q4+3'q _qz)' AH -ND .tbcast_;Zk da(k’k+]_)(i)'tmove

o (14)
+(2m-n)- AH -tret—z(n—m)-tIoca
The result of Eq.13 minus Eq.11 is described as Eq.15:
3 2 i
T Bounding cube _T MANLFI (q +5q _q ) AH -ND .tbcast_;Zk da(k’k_}_l)(i).tmove (15)

+(2m—-n)- AH -tret—%(n—m)-’[Ioca

q>1, the power of J is increased with exponential, andt, . >t 'ty >t SO the items

with t_ t, . can be ignored, so the eventual results of comparison are described as Eq.16 and Eq.17.
4 2

TAPIT—3D_TMANLFI zm(q +3'q_q ) NDtbcast (16)

T Bounding cube _T MANLFI m(q3+2 q _qZ) ’ ND'tbcast (17)

From the above analysis, it can be seen obviously that the results of Eq.16 and Eq.17 are both
greater than 0. In other words, the time delay of MANLFI is less than APIT-3D and Bounding cube.

Simulation and Analyze

In this section, the MATLAB programming environment is used to compare the performances of
MANLFI, APIT-3D and Bounding cube, such as coverage ratio, error ratio and time delay . Assume
the wireless sensor network deployed within the cube area of 1000 x 1000 x 100m? and sensor nodes
are randomly deployed.The simulation parameters are shown in Tablel.

Table.1The parameters in simulation

Parameters: values:

Total number of nodes n 200

Node communication radius 10m

Node sensing radius r, 5m
Time of anchor nodes broadcast signal tbcast 10ms
Time of unknown node return information ot 10ms
Time of using fuzzy information to calculate tloca 5ms
Time of moving the anchor node t 2ms/m

move
parameter 1 0.4
parameter ( 5

When anchor nodes occupy different proportions, the positioning error y of these three

algorithms are compared.  can be calculated with y = (n - n')/n , N is the total number of unknown

nodes, n' is the number of nodes that has been located. The comparison shown as Fig.2:
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Fig.2. Comparisons of the locating error ratio

We can obviously see from the results of Fig.2 that the result is fully consistent with the forecast
before simulation. In different proportions of anchor nodes, MANLFI has the lowest localization
error compared with APIT-3D and Bounding cube. Especially when the anchor node is in a half
number of all nodes, the positioning error will greatly reduce. This is owing to MANLFI based on
mobile anchor node’s fuzzy information to locate node. And after locating, using coordinates’
average values to fix the position. After the comparison, we concluded that the positioning accuracy
of MANLFI is higher.

When node is in different communication radius, the coverage rate of three algorithms are
compared. The coverage ratio is defined as ratio that the volume has been covered with the total
volume in space. The comparison shows as follows Fig.3.

T T T
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Fig.3. Coverage rate compared with different node’s communication radius.

The coverage ratio is the key indicator value of the effectiveness. If the value is too low, it will
seriously affect the application of the algorithm. From the simulation results in Fig.3, we can
obviously see, with the communication radius increased, the coverage rate increased in each
algorithm. All of these can be explained as when the communication radius increased, the perceived
distance also increased. Especially in MANLFI, the anchor node can move and it will move to a
suitable position before locating other node. When the positions of any nodes are fixed, they can
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locate other nodes but their positions will not change with the algorithm goes. So the coverage rate of
MANLFI is greater than the other two algorithms.
The time delay comparison of MANLFI, APIT-3D and Bounding cube follows as Fig.4.
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Fig.4. Comparisons of time delay
From the simulation results, we can see the range of time delay is fully consistent with our analysis
before simulation. With anchor nodes occupying different proportions, we can see the time delay of
these three algorithms is various, and the total trends are different. From Fig.4(b), we can find that the
time delay of APIT-3D is increased with exponential trend. In Fig.4(a), the various trends of time
delay in Bounding cube are uncertain and the trends of time delay in MANLFI tend to be a stable
value and is the lowest value compared with APIT-3D and Bounding cube.

Conclusions

Both Bounding cube algorithm and APIT-3D algorithm have problems of low coverage ratio and low
position accuracy. Through detailed analysis of the discrete network model, this paper presents an
algorithm named MANLFI, based on mobile anchor nodes fuzzy information, to solve the nodes
positioning problem in three-dimensional space. The knowledge of fuzzy information in
three-dimensional space is introduced. In MANLFI algorithm, the anchor nodes can move constantly
and the nodes will act as static anchor nodes to locate other nodes after being located. With simulation
experiments, we analyzed and compared MANLFI with APIT-3D and Bounding cube from the
aspects of positioning error ratio, coverage ratio, time delay. Experimental results show that
MANLFI algorithm has greatly improved the coverage of the algorithm and reduced the positioning
error. When the number of anchor nodes is less and the average connectivity is low in the network,
compared with other traditional and improved algorithms, the algorithm proposed in this paper will
significantly increase the coverage ratio as well as in ensuring network connectivity, MANLFI
algorithm improves the position accuracy and greatly enhances the usefulness of the algorithm. So we
can draw a conclusion that the MANLFI algorithm is more efficient in positioning and is in better
performance compared with APIT-3D and Bounding cube.
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