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Abstract

With the increasing demand for localization in large-scale and harsh environments, low-cost,
highly scalable wireless sensor network(WSN) localization is one of the key techniques in
wireless sensor networks. The location of nodes in wireless sensor networks is to use the
information between nodes to determine the position of the node through a specific algorithm,
such as connectivity information and distance information. This paper introduces the concept
and application of wireless sensor network and localization technology is briefly introduced and
four common measurement models in wireless sensor network localization are introduced:
AOA, TOA, TDOA, and RSSI. Moreover,we divide the location estimation methods in WSN
into rang-based and rang-free. In the range-based localization technology, we introduce some
common range-based localization technologies; In the range-free localization technology, some
common rang-free localization technologies are systematically summarized and analyzed.
Finally, these localization technologies are compared, and the future development of location
estimation methods in WSN has prospected.
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1. Introduction

The emergence of the Wireless Sensor Network (WSN) is known as the core technology that has
extraordinary significance for the future development of mankind. WSN is composed of many low-
cost sensor nodes, which can realize data collection, environmental monitoring, node positioning, and
other functions. The positioning of nodes is one of the research priorities. [1] Node positioning in
WSN can play a big role in military surveillance, transportation, personnel assistance, environmental
management, etc., such as placing some sensor nodes in a community or factory, when a fire occurs,
fire The sensor node near the source sends the location coordinate information to the network, so that
the rescuer can find the fire location in time, which will greatly help the fire extinguishing and the
evacuation path planning of the personnel; in military monitoring, the wireless sensor network
Positioning technology can be used to determine the position of the enemy and monitor the movement
of the enemy, thus taking a strategic position. [2]

In the WSN localization technology, the anchor node refers to a node pre-configured in the WSN,
and can determine its own position coordinates; the unknown node is a node randomly distributed in
the area to be monitored by means of aircraft throwing or manual arrangement, and has a transmitting
and receiving signal. Ability. According to different classification criteria, the node location
technology can be divided into different algorithm groups. For example, according to whether the
anchor node is needed in the network, it can be divided into anchor node location and anchor node-
free positioning. According to the calculation method, it can be divided into centralized positioning
and distributed positioning. According to the measurement information, it can be divided into ranging
positioning and non-ranging positioning. [3] In classifying the positioning according to the
measurement information, the ranging positioning needs to measure the distance or angle between
the nodes, and the measurement model mainly includes AOA (Arrival Of Angle) [4], TOA (Time Of
Arrival). [5], TDOA (Time Difference Of Arrival) [6], RSSI (Received Signal Strength Indicator) [7];
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Ranging and positioning technology mainly includes trilateral positioning technology, triangulation
technology, multilateral positioning technology, Chan [8] algorithm, MDS [9], DV - Distance [10].
Non-ranging positioning uses the connectivity of the network or the number of communication hops
to locate the nodes. There are mainly centroid positioning algorithms [11], convex position algorithms
[12], DV-hop [9, 13], APIT [14].

2. Measurement Models
2.1 AOA

The theory of AOA is to measure the angle between the unknown node and the anchor node in the
communication range through the array antenna. [4] However, since the AOA requires the node to
have an array antenna, the cost is high, which is not common in practical applications, and the signal
When it is transmitted in the air, it is easily interfered by electromagnetic waves, non-line of sight
(NLOS), etc., and has a certain influence on the accuracy of measurement. In view of the influence
of non-line-of-sight on AOA, the literature [15] corrects the NLOS error by RBF neural network and
then uses the least-squares method to obtain the estimated coordinates Q=(x;,y;), and the mean value

1
the first M data of Q is used as the starting point trace X =QA2 , and the distance gate G is set to

determine whether G <\/(ai ~x.,,) +(b —y,.,)" holds true to update the tracked coordinates, but the

neural network algorithm has a long training period and requires a large number of samples. The
literature  [21]  performs  wavelet  decomposition on  the  measured  signal

N
ft)=>>d, 0,0+ c,d, 1, the wavelet coefficient valve is set to remove the noise, and finally

j=1 kez kez
the LS is used for coordinate calculation, which avoids the shortcomings of the training period based
on the neural network algorithm in the literature [20], and the measurement result is better. .

2.2 TOA

The principle of TOA is to measure the distance by recording the signal propagation time between
nodes. [3] Assume that anchor node A sends a signal at time t, the propagation speed of the signal is
¢, and the time when the signal reaches unknown node B is t,, then the anchor The distance between

node A and unknown node B is d =c(t, —t) . Since the node that transmits the signal and the node that

receives the signal record time, the TOA measurement model requires high clock synchronization for
the node. TOA is also affected by non-line-of-sight (NLOS) interference and non-strict
synchronization of the signal during signal transmission. For this paper [16], the Newton iteration
method is used to iteratively calculate the estimated coordinates to reduce the influence of time
measurement deviation. The measurement accuracy is improved without increasing the cost. In [17],
the initially estimated coordinates are iteratively calculated using the Taylor expansion formula to
obtain the quadratic coordinates, and the difference between the quadratic coordinates and the
distance between the anchor node and the TOA measurement distance is corrected as the NLOS
deviation, and then iteratively processed by Taylor series. Finally, the weighted least squares method
is used for estimation, and the suppression effect on NLOS is better.

2.3 TDOA

TDOA is an improved TOA measurement model. The anchor node in the TOA transmits a signal to
the anchor node and simultaneously transmits two signals (the propagation rates of the two signals
are different). The distance between the nodes is calculated by the time difference of the signals, [6]
reduces the need for clock synchronization. It is assumed that the propagation rates of the signals are
v, and v,, respectively. The time at which the unknown node receives the two signals is t, and t, ,

respectively, and the distance between the anchor node and the unknown node is d =(v, -v,)(t,-t,) .

For the influence of noise on the signal during propagation, the literature [18] performs filtering
analysis and amplitude processing on the collected signal based on TDOA ranging, which reduces
the influence of noise on signal interference.
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2.4 RSSI

The RSSI-based localization technology calculates the distance between the unknown node and the
anchor node by the strength of the signal sent by the unknown node. [10] Since the node modules of
most wireless communication networks have the ability to obtain RSSI values, the sensor nodes do
not need to add additional hardware devices, which greatly reduces the cost of the sensor network, so
the RSSI is located in the sensor network. Applications are very common. There are currently three
main types of wireless signal propagation models: the Free-Space model, the Two-Ray Ground
Reflection model, and the Shadowing model. The Shadowing model is generally used to match the
actual environment. The Shadowing model is expressed by:

P ()= Pr(do)—lonlg[di]+ X, 1)

Where P,(d) is the received signal power of the unknown node from the anchor node d, and P, (d,)
is the received signal power of the unknown node from the anchor node d, , where d, is The

reference distance is generally 1 to 2 m, where n is the path loss factor, the general value is between
2 and 4 and X is azero-mean Gaussian random variable.

In actual RSSI measurements, the measured RSSI values are generally inaccurate due to
environmental factors. Literature [19] proposed a weighted probability localization algorithm, which
divides the intersection region of anchor nodes received by unknown nodes into several grids, and
assigns each RSSI valued differently according to the distance between the anchor nodes and the
unknown nodes. The weight of each grid, through the confidence of each grid, to find the nearest grid
to the unknown node, its centroid as the coordinates of the unknown node, compared to the traditional
RSSI model, the accuracy has been greatly improved. Reference [20] used least squares to obtain a
n +n,+---+n,
X

According to the difference from the mean, each n is given a weight. The smaller the difference is,
the larger the weight is, the more accurate the path attenuation index can be obtained, and the distance
measurement effect is better.

set of measured path attenuation index N=(n,n,,---,n,) , and the mean is M =

3. Range-based localization

The range-based localization technology uses the distance information between the nodes obtained
by the measurement model to calculate the coordinates of the unknown nodes. Several common
ranging-based positioning techniques are introduced below.

3.1 Trilateration localization algorithm

As shown in Figure 1, suppose that there are three anchor nodes A, B, and C in the communication
range of an unknown node D, and the coordinates are (x,,y,).(%,.¥,)and (x.y,), and their distances

to the unknown node D(x,,y,) are d,, d,and d_, respectively, and the relationship between the
coordinates and distance between them can be obtained (2):
(X =% ) + (Yo —v,) =7
(% =%) +(Ya—¥,) =0 (2)
(% =%) +(¥o—,) =d?
Available from ( 2):

2(%, =%, )% +2(Ya = Ye ) Vg —x§+yf y:=d2-d?
{Z(Xb—XC)X +2(Y, yc)y Zoxt+yi-yi=d?-d?
2
;

Let Ac| 272 2%am2¥ely X0 |y [de =it =X +ye -y
2% 2%, 2y, -2y, Yol o LdZ-di+xi-x+yi-y

(3)
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So Equation (3) can be written in the form of a linear equation AX = b. We can obtain x = A% and
the coordinates of D(x,,y,).

NV
i

Figure 1: Trilateration localization algorithm

The trilateration algorithm is ideally well positioned. However, when the distance measurement is
not accurate because the equation (3) simplifies the three nonlinear constraint equations into two
linear constraint equations, although the calculation is simplified, the positioning accuracy is
degraded.

3.2 Triangulation localization algorithm

The triangulation localization algorithm uses the measurement of AOA, as shown in Figure 2. The
communication range of the unknown node D(x,,y,) has three anchor nodes A(x,,y,) , B(X,.Y¥,) »

C(x.Y,) ,andthe angles of D to A, B, and C are ZADC, ZADB, and £/BDC, respectively. For the

anchor nodes A and C, the arc AC can only get one circle if it is within the ABC. Assume the
coordinates of the center of the circle is (x,,y,) with a radius of d, .

8= ZAOC = (2 —2/ADC) (4)
d, =06 =) +(¥o =¥
dy =(% %) + (Yo =) 5)

2d? —2d? cosﬂ:\/(xa —Xc)z +(Y, —yc)z

From the formulas (4) and (5), the center coordinates (x,,y,)and radiusd, of the circle O can be

obtained. Similarly, the center coordinates and radius of A, B, and £ ADB and the center coordinates
and radius of B, C, and £/ CBD can be obtained, and then the coordinates of unknown node D is
calculated according to the trilateration localization algorithm.

Y%
A

Figure 2: Triangulation localization algorithm
3.3 Multilateral positioning
If an unknown node A(x,y) in the WSN can receive the signal from n(@3<n) anchor nodes, the
coordinates of which are (x.y;).(x,.y,)---(x,,y,). The distance between the unknown node and each
anchor node are d,,d,---d,, then the distance between A and n anchor nodes can be expressed by:
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(x=%) + y—yz)2=d22 (6)

Equation (6) can be rewritten as:
2

X =Xy =Yy —2(% =%, ) x=2(y, -y, )y =d —d;
X=X+ Y —Ya =206 =% )x=2(y, =, )y =di -d; 7)

an—l _Xr? + ys—l - ys _Z(Xn—l _Xn)x_z(yn—l - yn)y = dnza _dnz
Equation (7) be rewritten as the form of the equation AX =b, where
2X1—2Xn 2y1_2yn

2X, —2X 2y, -2
a=| a7 22, x:D}mMB:

2X —1_2Xn 2yn—1_2yn

dZ—df +x = X3+ Y, —yh

2 2 2 2 2 2
dn _dn—l X=Xt Yy~ Y

n

The coordinate matrix x =(AT A)’l A"B can be obtained by solving the least-squares method.

3.4 Chan algorithm

The principle of the Chan algorithm is to calculate coordinates by TDOA measurements, and the
positioning is better when the noise in the TDOA measurement is subject to Gaussian distribution.
With an unknown node A with a coordinate of (x,y), and the coordinate of the anchor I is (x,,x,) . The

distance between Aand | is D, = \/(xi -x)*=(x -y)* , and squared on both sides is available at the same
time can obtain:
D =(x—x) =(y,—y) =K, —2xx=2y,y + x* + y* (8)

Where K, =x?+y? and the distance difference between the unknown node to the 1" anchor node and
the i" anchor node is:

D, =D -D :\/(Xi _X)2 _(yi _y)z -

. i 9)
O =x) = (v, -y)
D’,+2D,,D, + D} =K; —2xXx—-2y;y +X* +y* (20)
Assume i=1:
D7 =K; —2xX—2y,y +X* +y* (11)
Equation (10) minus formula (11) can obtain:
D +2D,,D, =-2%,X~-2y,,y +K; — K, (12)

Where X1 =(Xi _X1) and Yia :(Yi _Y1)'

The coordinates of the unknown node A can be obtained if the unknown node can receive 3 anchor
node information sets:

-1 2 _
|:X:| _ _|:X2,1 y2,1:| % D,, D +1 Dzz,l Kz + Kl (13)
y X1 Yau ’ 2 D3,1 - K3 + K1
When an unknown node can receive information sets of 4 or more (n>4) anchor nodes, its position
with TDOA noise is estimated as:

Z, ~ ((G; Q'c,) 6! Q’lh) (14)
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X2,1 y2,1 D2,1 Dzz‘l _X§ _Y§ +X12 + Y12

X D DZ _XZ _y2 + 2 + 2 . . .
Where G, =| yf'l 2 h =% TR T TR th and Q is the covariance matrix of

Xn,l yn,l Dn,l Dnz,l - Xr? _ylf +X12 +y12

TDOA.

Assume Z, = {((X_Xl))zl, can get the formula (15)
y-— y1

2
Zz'11 _ I:(X_ X1)2:| ~ (G; BilGaQilGaBilG; )-1 (G; BflGanlGaB—l)h’ (15)
(y-v)
10 (Za,l_xl)2
Where G, =0 1|h' = (Za,z—y1)2 B’:diag{xo_xl,yo_yl,rlo}
11 22

We can get the final estimated coordinates as:

z, =—\/Z+Dj or z, :\/Z{Xl}

Yi

4. Range-free localization.

4.1 Centroid Algorithm

The Centroid Algorithm was proposed by Bulusu et al. of the University of Southern California. [11]
The main steps are as follows:

The anchor node sends a set of information to the nodes in the communication range, and the
information set includes the anchor node's own ID and coordinates.

The unknown node determines whether the received information set of the anchor node exceeds the
set threshold M. If the unknown node A receives the information set broadcast by N ( N < M) anchor
nodes within its communication range, record the ID{B,,B,,---,B,} of these anchor nodes and the

position coordinates {(x,, Y, ), (X, Y, ).+ (X Yo )} -

The estimated coordinate A of A is the centroid of the two-dimensional figure formed by the
neighbor anchor node of A:

A (x y):(mxz:--ﬂn | y1+y2:---+ ynj

The centroid algorithm is a positioning algorithm that only needs to rely on the connectivity of the
network, without the need to additionally increase the cost of the wireless sensor network. When the
anchor nodes in the network are evenly distributed and have a high density, they have a good
positioning effect. However, when the density of anchor nodes in the network is low and the anchor
nodes in the network are unevenly distributed, the positioning error is very large. According to the
data [21], the distance from the anchor node to the unknown node measured by the RSSI model is
used. The weight of each anchor node is weighted by the reciprocal of the distance, and the
positioning error is lower than the traditional centroid localization algorithm. The paper [19]
combines each of the N anchor nodes of the unknown node into a triangle and sets the coordinates of
the three anchor nodes A, B, and C as (x.,v;), (X.¥,), and (x,y;), respectively. d,, d, and d, are the

distances from anchor nodes A, B, and C to unknown nodes, respectively. Then the weights of anchor

nodes A, B, and C are ! , ! and
d,+d, d,+d, d,+d,

, respectively. Positioning accuracy is improved.
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The literature [22] changed the weight of the literature [19] in+i 1.1 i+i, where n is the

d’ d;'d; df'd] d
correction factor. Compared with the literature [114], the anchor nodes closer to the unknown nodes
have larger weight values and higher positioning accuracy.

4.2 DV - hop

The DV-hop algorithm is an algorithm proposed by NiCuleScu et al. to use node hopping for node
location. [9, 13] The main steps are as follows:

All nodes in the network send information to nodes within the communication range, including
{iid,xi,yi,hopij}. Where i, is the label of the signal transmitted by node i, (x,y,) is the coordinate of
i, (passed if the coordinates are known, otherwise it is empty), hop, is the number of hops between
nodes i and j, and the initial hop count hop; is set to 0. hop; increments by 1 after node I receiving

the information passed by another node j. Traversing the entire network, if the node receives multiple
hop, values of the same i, , it compares with the same iid in its own data table, and records the

smallest hop; it receives, so that each node stores it except itself. Minimum hop count information of
other nodes

The distance between each anchor node is calculated by the known coordinate information of the
anchor node. The minimum hop count between each anchor node can be obtained by step 1, and the
average distance per hop can be calculated by the formula (16).

2 2
Z\/(Xi =) +(%-yy) (16)
Dsize = =
> hop,
i#]j
Calculate the estimated distance between the unknown node and the anchor node D =hop;, *D,
and then calculate the coordinates by the rang-based localization technique.

As shown in Figure 3, it is a micro-WSN consisting of 10 nodes. X, y, and z are three anchor nodes,
and o is an unknown node. The distance between x and y is dxy , the distance betweeny and z is dyz,

the minimum hop count from x to o is 3, the minimum hop count from y to o is 3, and the minimum
(dxy' +dyz)

ize !

hop count from z to o is 2. The average distance per hop for this network is

3*(dxy +dyz) 3*(dxy +dyz)

,then calculate

the distance from x to 0 is

2*(dxy' +dyz)

, the distance fromy to o is , and the distance

fromztoois . Finally,we can obtain the coordinates of o.

Figure 3: Dv-hop

4.3 Approximation point-in-triangulation test(APIT)

APIT is also called the approximate triangle inner point test method. [14] The main idea is that the
anchor node broadcasts a set of information to the neighbor unknown node. The set includes the 1D
of the anchor node, the distance between nodes, and connectivity. The positioning error is reduced by
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removing some anchor nodes that are less correlated with unknown nodes, thereby achieving a
reduction in positioning error.

Assuming that the unknown node receives signals from n anchor nodes, the n anchor nodes can form
C? triangle regions. It is judged whether or not the unknown node is within these triangles, and if so,

the anchor node IDs constituting the triangular area are recorded so that the centroid of the intersection
of these triangles is used as the estimated coordinates of the unknown node. Ideally, to determine if
a point is inside a triangle, we can move the point in either direction. If the point is away from the
three vertices of the triangle, then the point is outside the triangle, otherwise, the point is inside the
triangle. However, this method is not suitable due to the slow movement of the node and the non-
movability of the special node. Therefore, in the wireless sensor network, it can be judged whether
the neighbor node of the unknown node is away from or close to the three anchor nodes at the same
time. Inside the triangle. In [23], for the nodes in the network that do not meet the APIT positioning
conditions (such as the anchor nodes communicating with unknown nodes are on the side of the
unknown node), an improved algorithm IAPT is proposed to use the nodes that do not meet the APIT
positioning conditions. Three-sided measurement method and other methods are used for processing,
and the scalability is good. Reference [24] proposed to reduce the positioning error by setting the
movable anchor node and multiple positioning to reduce the positioning error and improve the
positioning accuracy.

5. Conclusion

Due to the distance information obtained by the rang-based localization technology through these
models is relatively accurate, the positioning accuracy is higher than that of the range-free localization
technology, but its higher hardware cost leads to the lower application level, generally in some small
WSNs requiring high precision positioning. Application. The range-free localization technology is
greatly affected by the distribution and number of anchor nodes. It only uses the connectivity of the
network to locate. The location estimation error of unknown nodes is large, and the positioning
accuracy is low. However, due to its low network deployment cost, It is widely used in many large
WSNs.

This paper summarizes and introduces the measurement models in WSN and some common
localization techniques, and compares these localization techniques. At present, the localization
problem in wireless sensor networks is not limited to the positioning of two-dimensional space and
the positioning of fixed nodes. The positioning of mobile nodes [26-27] and the positioning of three-
dimensional space [25] are also hot topics. Although some of the current localization technologies
are also very mature, there are still many problems to be solved in node positioning, such as
insufficient node energy, ranging accuracy, and network optimization. With the increasing
requirements for positioning accuracy and positioning range, the research of WSN positioning
technology tends to the fusion of localization algorithms, the cooperative localization between nodes
[28], the combination of localization technology and machine learning [29-25], etc. direction
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