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ABSTRACT Node positioning or localization is a critical requisite for numerous position-based applications
of wireless sensor network (WSN). Localization using the unmanned aerial vehicle (UAV) is preferred over
localization using fixed terrestrial anchor node (FTAN) because of low implementation complexity and high
accuracy. The conventional multilateration technique estimates the position of the unknown node (UN) based
on the distance from the anchor node (AN) to UN that is obtained from the received signal strength (RSS)
measurement. However, distortions in the propagation medium may yield incorrect distance measurement
and as a result, the accuracy of RSS-multilateration is limited. Though the optimization based localization
schemes are considered to be a better alternative, the performance of these schemes is not satisfactory if the
distortions are non-linear. In such situations, the neural network (NN) architecture such as extreme learning
machine (ELM) can be a better choice as it is a highly non-linear classifier. The ELM is even superior over
its counterpart NN classifiers like multilayer perceptron (MLP) and radial basis function (RBF) due to its
fast and strong learning ability. Thus, this paper provides a comparative review of various soft computing
based localization techniques using both FTAN and aerial ANs for better acceptability.

INDEX TERMS Extreme learning machine, localization, unmanned aerial vehicles, wireless sensor net-
works.
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I. INTRODUCTION

Recent advancements in communication systems have
permitted the use of tiny, low-power, low-cost and
multi-functional sensors [1], [2]. Many such tiny sensors are
connected together to make a WSN that is used for several
applications. Some of the applications of WSN include envi-
ronment monitoring [3], traffic control [4], military surveil-
lance [5], health observation [6], [7], industrial sensing [8]
and so on. These sensors can be deployed in large num-
bers in the area of interest, to monitor and/or control the
environment, homes or buildings. The sensors are connected
together via wireless links and communicate among each
other within their communication range. These low power
sensors are capable of measuring environmental phenomena,
processing information and communicating this information
to other sensors wirelessly. These sensors are capable of
measuring or detecting physical quantities such as pressure,
temperature, or humidity and communicate this information
to short distances [9]. The sensed data is useful only if we
have priori information on the location of the wireless sensor
nodes in the network. The procedure for acquiring location
of nodes is usually called localization or positioning. The
sensors in the given field should be placed strategically to
achieve high localization accuracy [10].

A localization technique commonly used in outdoor envi-
ronments is global positioning system (GPS) [11]. However,
the deployment cost and energy utility will be higher for high
dense sensor networks. In addition to that, GPS also needs
line-of-sight (LoS) communication between the satellite and
the UN. Thus, the usage of the GPS module is not recom-
mended in every sensor node [12]. Instead, some position
aware sensors can be nominated as ANs or beacon nodes
(BNs) and by the use of these ANs, coordinates of remaining
UNs can be obtained. This approach is called localization
or positioning. Such localization is able to minimize energy
consumption and deployment cost, effectively. Localization
can be either FTAN assisted localization or mobile aerial
anchor node (MAAN) assisted localization. In the MAAN
system, the ANs are deployed in low altitude UAVs, whereas
in the FTAN system, the ANs are deployed on the ground
itself. The MAAN offers better localization accuracy over
FTAN because the information from ANs is passed to UN
through air to ground (AG) channel link, where nearly a clear
LoS may occur [13], [14]. The accuracy of the FTAN system
is limited because the information is passed from ANs to UNs
through an erratic ground to ground (GG) channel, which
imposes severe distortions.

Recent developments of software and hardware technolo-
gies and broad availability of UAVs permitted us to use them
in diverse applications such as disaster management [15],
[16], surveillance [17], agriculture fields [ 18] and many more.
Due to aerial advantage the UAV based communication is also
energy efficient [19]. Such unique capabilities of UAVs are
also permitted them to use in 5G wireless networks [20], [21].
One more prime application of UAV is the node localization
in WSN [22]. The node localization can be performed by
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either single UAV [23], [24] or multiple UAVs [25], [26].
Multiple UAVs are useful for fast localization and single UAV
is useful for minimum implementation cost as it requires
only one GPS module. During the past few decades, sig-
nificant research contributions have been paid to develop
various localization techniques using ground ANs. However,
research contribution in localization using aerial ANs still
requires substantial attention. Firstly, in ground AN-based
localization, one of the popular classifications of various
localization schemes is made according to the mobility of
ANs and UNs [27], [28]. Hence, the localization techniques
are classified into four categories namely, static ANs and
static UNs [29], [30], [31], static ANs and mobile UNs [32],
mobile ANs and static UNs [33], [34], [35] and finally mobile
ANs and mobile UNs [36]. Because of the wide application,
this work considers the scenarios of ‘static ANs and static
UNs’ and ‘mobile ANs and static UNs’.

Another classification of localization techniques is based
on connectivity between ANs and UNs. Firstly, localization is
categorized as classical and soft computing technique assisted
schemes. Further, classical schemes are categorized as range
based and range free techniques. The angle or distance data
between server nodes is required in range-based schemes to
obtain node position. Once this data is available, UN local-
ization is performed using geometrical operations such as
multilateration and angulation respectively if distance and
angle statistics are available. Range-free methods require
topological information unlike range-based methods. Range-
based methods involve supplementary hardware complexity
and thus these methods are reliable than range-free methods
[37]. Angle of arrival (AoA) [38], time of arrival (ToA) [39],
time difference of arrival (TDoA) [40], acoustic energy [41],
and received signal strength indicator (RSSI) [42], [43] are
some of the range-based methods. The RSSI schemes require
deployment of an extra radio frequency (RF) antenna in each
sensor node. The AoA scheme needs placement of additional
antennas in a proper direction. All the receiving sensor nodes
need to be perfectly synchronized in the ToA and TDoA
schemes. Thus, as the range-based schemes require addi-
tional hardware, these schemes are complex over range-free
schemes.

The range-free schemes operate based on pattern or hop
count information. Hence, the hardware complexity of range
free schemes is minimal at the cost of limited localization
accuracy. The centroid algorithm [44], DV-hop technique
[45], and geometric constraint algorithm [46] are some exam-
ples of range free schemes. The centroid algorithm allows
UNs to convey proximity information to ANs and then UNs
are localized to the centroid of the ANs. The DV-Hop algo-
rithm and amorphous algorithm localize UNs with the hop
count information and hop distance information, respectively
instead of distance information. The range-based and range-
free methods thus clearly differ in terms of localization accu-
racy and deployment cost [47]. Hence, metaheuristic search
assisted localization (MSL) has been proposed to balance
this trade-off amongst localization precision and deployment
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cost [48], [49]. The gradient techniques like Gauss-Newton
algorithm has a possibility of trapping local minima while
optimizing MSL technique. Also, gradient schemes need
approximate initial solutions of required parameters and dif-
ferentiable cost functions [50]. The metaheuristic optimiza-
tion techniques (MOTSs) can become an appropriate substitute
to gradient techniques as the MOTs start the search process
with random initial parameters [51]. Various MOTs such as
sequential greedy optimization [52], krill herd optimization
[53], swarm based optimization [54], [55] and differential
evolution (DE) [56], [57] algorithms are applied to MSL
problem to achieve better localization accuracy. However,
all these MSL techniques hardly handle non-linear distortion
imposed in a wireless environment which is assumed to be log
normal shadow-fading model (LNSM). Under such nonlinear
environments, artificial neural network (ANN) architectures
are appropriate substitutes. The multilayer perceptron (MLP)
and radial basis function (RBF) networks are renowned mod-
els in the family of NNs because of their highly non-linear
architectures. The MLP model is able to map input and out-
put space with non-linear boundaries, whereas RBF network
classifies the similar group of input data space in the form
of ellipse or hyper spheres. The MLP based localization
techniques are discussed in the literature [58], [59], [60] and
RBF based localization is discussed in [61]. The RBF model
is slightly better than MLP since the RBF uses Gaussian
activation, which is more suitable for the systems suffering
from Gaussian variables [62].

Recent developments also initiated the MAAN based local-
ization in low power UAVs. From the literature survey of
ground AN based localization, it is observed that soft com-
puting techniques have a prominent role in node localization.
Thus, the soft computing techniques such as OTs and NNs are
also applied for MA AN based localization. The DE algorithm
is one of the efficient OT. However, its convergence speed
is still low as it is delicate to the selection of parameters
like mutation factor and crossover probability. To increase
convergence speed an adaptive DE (ADE) algorithm is pro-
posed for the MSL problem [63]. ADE automatically updates
cross over probability and mutation factor. Similarly, the arti-
ficial bee colony (ABC) process with innovative exploration
and exploitation ability is also applied for MSL for better
accuracy [64]. Further, a highly non-linear MLP and RBF
based node localization is suggested for the MAAN system
in [65] and [66] respectively. The MLP and RBF models
need certainly huge training data sets. Thus, these models are
replaced by the Extreme Learning Machine (ELM) due to its
fast and strong learning abilities. Due to such rapid training
ability, the ELM is used for MAAN based localization in [67].
Thus, a comparative analysis is made in this review paper
amongst various soft computing based localization methods
while using both FTAN and MAAN in a WSN.

The present review paper is prepared as follows. The local-
ization system model for a WSN with MAAN deployed in
UAV is presented in Section II. Section III and Section IV
include respectively the MSL and NN based localization
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TABLE 1. List of notations.

Parameter  Description

Popt Optimal height of UAV

(%, 9%) True coordinate of m™ UN

(£,7) Estimated coordinate of m™ UN

(g, vg) Spatial coordinate of UAV located at ¢ waypoint
M Number of UNs

D Ground sensor field dimension

(0] Number of trajectory points

NS Network area size in (X x Y) meters

Py The RSS value at reference distance dy

d The true distance between m™ UN and UAV
" located at g™ trajectory point

d The estimated distance between m™ UN and UAV
qm

Y

located at g™ trajectory point

The path loss exponent

Gaussian random variable denoting log normal

X shadow—fading effect
P The estimated distance between m™ UN and ¢"
am spatial coordinated of UAV
s, Estimated location if m" UN using RSSI
Py, G Number of populations and generations in ADE
Py, Lo Number of populations and iterations in ABC
w,u v Target, trail and mutant weight vectors of ADE
a, b Target and neighbourhood weight vectors of ABC
F® Adaptive mutation factor of ADE in g generation
g Adapti\{e crossover probability of ADE in g
generation
F, Input vector of MLP, RBF and ELM
Hy, Hy, Hg Number of hidden nodes of MLP, RBF and ELM
U The weight of the connection between 4™ hidden
kg node and ¢" input node of MLP
. The weight of the connection between /™ output
" node and A" hidden node of MLP
W, The weight of the connection between /™ output
h node and 4™ hidden node of RBF
C, (O % 1) dimensional centre vector of RBF
o Spread of the A" hidden neuron of RBF
a The connection weights between all input nodes
" and /4" hidden neuron of ELM
B The connection weights between 4™ hidden neuron
" and both the output nodes of ELM.
biy, Bias of 4™ hidden node of ELM

methods. Section V provides simulation results and analyses.
Finally, this review paper concludes in Section VI with major
findings.

Notations: This research review paper compares various
soft computing techniques to localize UNs with the help
of UAV. Thus, various parameters adopted in all these soft
computing techniques are summarized in Table 1.

Il. SYSTEM MODEL FOR UAV BASED LOCALIZATION
The MAAN-based localization model is shown in Fig. 1,
where M UNs are installed in a 2—dimensional (2D) ground
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FIGURE 1. Architecture of UAV supported wireless sensor network [65], [67].

120 120

110 110

100! @

100!

120

110

90 90

80 80

70 70

60

60

100

90

80

70;

50 50

40 40

30 30

b

1

20

4

60,

50

40

30,

20

Ty
Take-off /Landing
Point

10 10

Point

0 10 20 30 40 50 60 70 80 90 100 110 120 O

(a)

10

20 30 40 50 60 70 80 90 100 110 120 O

(b)

20

Take-off /Landing
Point

10 Point

10 20 30 40 50 60 70 80 90 100 110 120

(©)

FIGURE 2. Trajectories of UAV in a 2D sensor field (a) SCAN (b) DOUBLE SCAN (c) HILBERT [67].

sensor field and a single MAAN is deployed in a UAV
flying at the optimal height Aop. The MAAN is assumed to
know their positions (coordinates) and UNs are unaware of
their positions. The position-aware MAAN is used to find
positions of UNs in the localization procedure. The single
MAAN deployed in a UAV acts as many virtual MAANs
when the UAV is at different locations. The UAV moves with
a specified speed and connects with the UNs with a definite
broadcasting frequency. The UAV is set to fly in a specific tra-
jectory from the take-off point to the landing point to cover the
entire sensor field. Some examples of trajectories are SCAN,
DOUBLE-SCAN and HILBERT as shown in Fig. 2. Among
various trajectories depicted in this figure, the ‘SCAN’ tra-
jectory provides uniform coverage to all UNs as shown in
Fig. 2 (a). The SCAN trajectory includes huge collinear
trajectory points. To avoid this problem, DOUBLE-SCAN
is proposed, where the given sensor field is scanned in both
horizontal and vertical directions, as shown in Fig. 2 (b).
The DOUBLE-SCAN needs the MAAN to travel twice the
distance as in the SCAN. However, the HILBERT trajec-
tory shown in Fig. 2 (c), provides more non-collinear AN
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trajectory points as compared to SCAN and DOUBLE-SCAN
trajectories while localizing UNs. Among these three trajec-
tories, the SCAN trajectory offers minimum localization error
with minimum distance travel when the MAAN travels in the
given sensor field with good resolution. The HILBERT trajec-
tory provides minimum localization error when the resolution
is more than the communication range. However, most of
the literature considers SCAN trajectory for its minimum
travel distance and satisfactory accuracy. It is assumed that
all nodes can communicate with each other as all nodes are
placed within the communication visibility. Each UN is also
assumed to have distance from all ANs through RSS mea-
surement recorded at each UN. Let (X, ¥n) and (x4, y,) are
the true coordinates of m™ UN and coordinates of projection
of UAV located at g trajectory point, respectively. Then, the
distance between MAAN placed at g™ trajectory point and
m™ UN is obtained from the RSS value recorded at m™ UN.
The RSS value recorded in LNSM is given by [65]:

d,
RSS[dgm] dBm = Poldy] dBm — 10y log,, [%] - X,
0
)]
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where Py is the RSS value at reference distance do, dgp, is
the actual distance amongst m™ UN and MAAN located at
g™ trajectory point and y is the path loss exponent. The log
normal shadow—fading effect is denoted by X,, which is a
Gaussian random variable with zero mean and o2 variance.
The estimated distance c;'qm is measured from the RSS value
given in (1) as [65]:

. [ Poldgl—RSSI[dgm] ]
dgm = dp10 10y g=12,...,0 2)
The flying height of the UAV is a significant factor that affects
localization accuracy. In general, environmental absorptions
decrease as the height of UAV increases because of the
availability of a better LoS path. Localization error increases
gradually, beyond the optimal height. Thus, the flying height
of an aerial vehicle has to be optimized first. Let, (x4, ¥4)
be the coordinates of the projection of the UAV located at

! trajectory point and cAZq is the estimated distance between
the UAV and the known reference node (x, y,), which is
generally deployed at the midpoint of the sensor area for com-
putational simplicity. Then, the distance from the projection
of UAV on the terrestrial sensor field to the reference node is
computed as [67]:

rq = \/(xq - xr)z + (g — yr)2 (3)

Using the distance ry, the optimal UAV {flying height in the
range between minimum height /min, and maximum height
hmax 18 conveyed as the least square problem according
to [67]:

Q

hopr = ar: in E
pt g
he(hmin, Amax) =1

2

“

,/dg —hz—rq

Once the optimal height is obtained, the coordinates of m™
UN, that is (X, ym), are computed using a multilateration
procedure. Let the distance measurements from all UAV tra-
jectory point projections to m™ UN be [66]:

(1 = %) + 01 = 5w)” = 7,

(2 = Fn) + 02 = ) = 73,

(X = Xn)” + 00 — ) = 5 )
where 7 r = d2 — hgpl The set of equations given in (5)

is easﬂy solved by writing them in a linear form to the
variables X,,, and y,,. Thus, subtracting the last equation from
all previous equations yields [66]:

2(x1 — x0)%m + 2(y1 — Y0)Vm
A2 a2 2 2,2 2
= Tom — i X _xQJf—yl — Yo
2(x2 — x0)%m + 2(y2 — Y0)Im
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2,2 2
—Xp+¥2—Yp

NP 2
=Tom — Ty +X3
2(xp—1 — x0)%m + 2(y0—1 — Y0)Im

2 2 2 2,2 2
=Tom — To—1m T Xp—1 —Xp TYp-1 — Y0 (6)

In (6), let S, = [Xn Iml”

(x1 —x0) (1 —yo)
(x2 —x0) (v2 —y0)

(xg-1 —x0) (Yo-1—Yy0)

and
A2 A2
rgz)m_rlm+x1 - g+y1_yg
B er_r2m+x2 xQ+y2

~2

2 2 2
Tom ~ Tg—1m T X0—1 —

2 2
Xo TYo-1 7 g
then the position of m™ UN is obtained from [66]:

§, = (ATA) AT %)

Ill. METAHEURISTIC SEARCH ASSISTED LOCALIZATION
(MSL) TECHNIQUES

The precision of the RSS localization is subjected to the accu-
racy of distance measurement between UNs and ANs. This
distance is computed according to the RSS recorded at UNs
through the classical LNSM. However, this distance measure-
ment is not accurate because of the distortions in LNSM.
The location obtained by the RSS multilateration using such
inaccurate distances is also not accurate. To improve the
accuracy of the RSS technique, the localization problem is
defined as an MSL problem. Thus, the MSL problem for the
MAAN system to determine coordinates of m™ UN(%,, $,.)
using distance measurements f"qm is defined as [63]:

Cm Im)

2
= arg min Z <\/(xq —Xm)? + (vg — S’m)z - ;’qm>

Gm Ym) g=1
3)

where m = 1,2, ..., M. The MSL problems defined in (8)
can be optimized efficiently with popular OTs such as ADE
and ABC algorithms.

A. ADE ASSISTED MSL TECHNIQUES

In the family of OTs, the DE algorithm is the popular tech-
nique that is used for optimizing several problems [68].
The DE algorithm has several similarities with the genetic
algorithm (GA) [69]. Both of these two techniques are
population-based and use the same operations like initializa-
tion, cross-over, mutation and selection. The DE processes
its operations in a decimal format unlike the GA, which
processes its operations in binary format. Thus, GA requires
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an additional algorithm to convert binary entities into decimal
entities. The DE algorithm became popular as it determines
the optimal solution irrespective of its initial parameter and
it uses limited control parameters. The DE algorithm tries
to optimize the given problem iteratively and finds the opti-
mal solution. This algorithm uses a mutation process for
exploring solution space and a selection process to exploit
solution space for the optimal solution. However, the conver-
gence speed and performance of the DE algorithm depend on
the selection of cross-over probability and mutation factor.
Improper selection of these parameters may result either
in poor performance or in low convergence speed. Thus,
the ADE algorithm is suggested which has a self-adaptive
strategy to select cross-over probability and mutation factor
in each generation [70]. The ADE algorithm exhaustively
explores solutions in the early generations and exploits more
optimal solutions in the last few generations. The ADE
assures an enhanced solution and also offers great conver-
gence speed over the DE algorithm. Thus, the ADE algo-
rithm has been applied to several optimization problems [71],
[72]. Moreover, due to the merits of ADE over simple DE,
the DE-assisted MSL technique proposed in [56] and [57]
is modified as ADE-assisted MSL technique in [63]. ADE
method includes main stages such as initialization, mutation,
crossover and selection. The brief localization process is
explained as follows [63].

In the initialization stage of ADE, a population of Py
individuals is randomly initialized. Each individual consists
of two variables representing x and y locations of m™ UN. The
randomly initialized p™ population w,,, is denoted as [63]:
Wi =[x i’

,p=12,...,Ps, g=1,2,....G

©))

where m refers to the index of the UN and g refers to the index
of generations. Mutation discovers the search area using an

adaptive mutation factor F and the mutant vector vj; is

obtalned from three mutually different individuals wé;"", wi;"

andw 2 wherery, m,r3 €{1,2,..., Py} as [63]:

vl =i+ F(ws"? —wi’3) (10)

Crossover is used to improve the range of initial vectors.
Crossover creates a trial vector u,, by replacing some param-
eters of the vector w,, with randomly selected parameters
of vector v,,. The trail vector obtained from the cross-over
operation is [63]:

Va2 randg(0,1) < Gy,

g.p.d _
U - g p.d
m

(11)

otherwise.

where d is equal to 1 or 2 corresponding to the x-axis position
or y-axis position, respectively.

In each generation, the ADE adopts an adaptive mechanism
for changing crossover probability C, and mutation factor F
to obtain an optimal solution with high convergence speed.
The obtained adaptive mutation factor F¢+! and crossover
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probability Cgﬂ in (g + 1)™ generation are [63]:

petl _ F1 + rand\F>, if rand.z <1, (12)
Fé, otherwise

C;;"H _ rands, if rand.4 < T2, (13)
Clé,', otherwise

where rand; € {1,2,3,4}, are random numbers lying
between 0 and 1. F' and C, are defined by the constants 7
and 1, respectively, in each generation. The section stage
depends on the cost value of both trail and target vectors.
Thus, the fitness values of both target and trail vectors are
computed respectively according to [63]:

Y 2
fwfy{p = Z (\/(xq - p )2 + (y Wm ’2)2 - 'A’qm>
g=1
(14)
2
gp = (\/(xq_uip 1)2+(Yq_um ) _rqm>

15)

The ADE uses a greedy selection procedure, which com-
pares the cost values of all individuals in the vectors w,,, and
vu- The population with minimum cost value is carried to
the next generation. The other individual may be discarded
according to [63]:

wsthp — { wl fup” < fwil (16)
mn wiP otherwise
The entire process is reiterated from the mutation stage till
the termination criterion is encountered.
The optimal position m™ UN is obtained from the best
individual with minimum cost value in the last generation (G).
The position of m™ UN is computed from [63]:

X Im)

= arg mm

2
P )z_rqm>

o))

(u—d”¥+m—

where p = 1,2,..., Ps. The entire procedure is repeated
to obtain locations of remaining (M — 1) nodes. The pseudo
algorithm for ADE-based localization is given as follows:

B. ABC ASSISTED MSL TECHNIQUES

The artificial bee colony (ABC) method introduced by
Karaboga [73] has become popular with its capability to
find the optimal solution in recent years. This algorithm
has an innovative exploration and exploitation strategy by
mimicking the intellectual foraging actions of honey bees.
ABC handles exploration and refinement tasks by classifying
the swarm of bees as employed, onlooker and scout bees.
The exploration of a solution is done by the employed and
scout bees and the refinement of a solution is taken care of by
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Algorithm 1 ADE Algorithm for Node Localization

Input: Q, 7, D, NS, (x4, yg) forg=1,2,..., 0

Output:Estimated location of m™ UN (%, $n)

1. Initialize G, P4, F, C, and target vector w,, = NS x
rand(Py, D)

2: forg=1:Gdo

3: forp =1: P; do

4. Select three mutually different individuals
wo w8 and w5, where 11, 2, 13 €

{1,2,..., P4}

5: Compute mutant vector v;” using (10)

6: Compute trail vector uj,;” using (11)

7: Update mutation factor F&¢+! and crossover
probability Cf,’“ according to (12) and (13)
respectively

8: Compute fitness value of target vector fiwy;”
and fitness value of mutant vector fis;”
using (14) and (15) respectively

9: if fus,? < fwh” then

10: Wi P

11: else

12: wiﬂ’p <~ wyl

13: end if

14: end for

15:  end for

16: Computefwg‘p,p =1,2,...,Pg using (14) in the
final generation G
17:  Find ppjy, that yields minimum fitness value in the

final generation G, ppyin < arg min (fw,ﬁ”’ )
p

18:  Estimate location of m™ UN: (%, ) < GPmin

the onlooker bees. Thus, the ABC algorithm obtains optimal
solution by skipping premature convergence [74], [75]. The
process implemented for MAAN-assisted node localization
using the ABC algorithm is described briefly as follows.

Initially, the ABC algorithm randomly initializes a popu-
lation set containing P, populations, where each papulation
comprises two variables analogous to the x and y coordinates
of m™ UN. The p'" population in the i iteration is described
as [64]:

. . AqT
I, I, I, ;] —
am”——[xm”,yn{’] ,p=1,2,...,Py, i=1,2,..., Inax

(13)

where x,;” and yi,’f are the randomly generated x and y coor-
dinates within the sensor network size (NS) in meters. Every
employed bee produces a new solution in the neighborhood
of its current solution. Thus, the neighborhood vector is
expressed as [64]:

b = aif + ¢, (aif i) (19)

where ¢, is a random number with limits -1 < ¢, < 1, and
k is a randomly selected population index that is different
from the current population p. The fitness values of both the
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target and neighborhood vectors are computed respectively
according to [64]:

0 : - 2
fai},p = Z (\/(xq —ay” 1)2 +Oq — an” 2)2 - 'A’qm>
q=1
(20)
' 0 - ip.2 :
=3 (/ (g — b 2+ (g — bl 2 — 7 ‘”")
q:l
2

ABC uses a greedy selection strategy after generating new
food positions [64].
ip _ b;zp fbihp Sfaihp,
ay =4 : (22)
a,l otherwise
The onlooker bees obtain data about the food source from
the employed bees and compute the cost value (fa,; ) accord-
ing to (20). Then the onlooker bees pick a food source, pro-
portional to the probability that depends on the nectar amount
PB,,. The roulette wheel selection is used for this probability-
based selection, which is mathematically expressed as [64]:

Jalf

PB, =

P
> fay!
p=1

(23)

After this selection, a new position is produced by onlooker
bees in the neighbourhood of its current food position accord-
ing to (19). The fitness values of new and old positions are
again evaluated and the food position with minimum fitness
value is retained. If a food position is not improved after
‘limit’ number of iterations, which is a prefixed number,
then the food position is considered to be abandoned. The
scout bees are used to discover a new food position according
to (18).

The whole procedure will be repeated from the selection
of food source for employed bees stage till the termination
criterion is met. After reaching the termination criterion, the
best food position with minimum cost value is treated as the
location of mh UN according to [64]:

Gm Im)

0 2
3 ImaXv ) 1 Imax9 ) 2 -
:arglnp}n Z(\/(xq_am P )2+(yq_am r )2_’"qm>

g=1

(24)

The whole procedure is reiterated to find the locations of
remaining (M — 1) nodes. The pseudo algorithm for ADE-
based localization is given as follows:

IV. NEURAL NETWORK MODELS FOR LOCALIZATION

The localization accuracy of the classical RSS and proposed
MSL techniques is limited, because the distance measure-
ment obtained in LNSM is noisy due to the non-linear dis-
tortion induced in the wireless channel. Thus, the position
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Algorithm 2 ABC Algorithm for Node Localization
Input: Q, F, Limit, D, NS, (x4, yg) forg =1,2,..., Q0
Output: Estimated location of m™ UN (&, ym)

1. Initialize Imax, Pa, F, Cp and target vector a,, = NS X

rand(P,, D)

2: fori=1:Iyx do

% food source selection by employed bee

forp=1:P,do

4: Select ¢, and al:¥ where k is a randomly

selected population index that is different
from p .

5: Compute neighborhood vector b, using (19)
Compute fitness value of target vector fa,;
and fitness value of neighborhood vector
ﬂ)ﬁ}lp _according to (20) and (21) respectively
if bl < fa,! then

ayf < by
end if
end for

Compute probability of each food source using (23)

% food source selection by onlooker bees

12:  Initialize ] =1

13: forp=1:P, do

14: Select food source a.;* according Roulette

wheel selection procedure using the
probabilities obtained in Step-11

15: Compute neighborhood vector b, using (19)

16: Compute fitness value of neighborhood

vector ﬂJ;,’f and fitness value of target
vector fa,! according to (20) and (21)

a b

— = \O 00

lk

respectively
17: if fb,y < fa,! then
18: al < bY?
19: else
20: Il <—1+1
21: end if
22: if / = Limit
23: New food position is determined by scout
bees a,,’ < NS x rand (P,, D)
24: end if
25: end for
26: end for

27:  Compute falm™? p=1,2,...,
final iteration 7,4
28:  Find pp;n that yields minimum fitness value in the

P, using (15) in the

max,P

final iteration 1,4y, Pmin < arg mln (fa

Imax ,Pmin

29:  Estimate location of m™ UN: (xm Vm) < @y

estimate obtained from such noisy distance measurement is
also not accurate. Thus, the use of highly non-linear NN
structures is particularly needed for node localization under
such non-linear systems. The standard NN architectures such
as MLP, RBF and ELM are efficiently used for UAV aided
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node localization. The well trained NNs are capable of find-
ing coordinates of UNs instantly even if they move to a
new position within the same sensor field, whereas the RSS
and MSL techniques have followed their entire localization
procedure to find location of new positions.

A. UAV ASSISTED NODE LOCALIZATION USING MLP

The multilayer perceptron (MLP) is a popular feed-forward
NN architecture with highly non-linear classification ability
[76]. The MLP architecture is an effective structure for non-
linear signal classification among various NN models [77],
[78]. Thus, MLP is used for complex classification tasks
like channel equalization [79] and signal detection [80], [81],
[82], [83]. The well-trained MLP model is applied effec-
tively for node localization as it is also a classification task.
The back propagation (BP) supervised learning algorithm is
used for training weights of the MLP network [84]. The BP
algorithm starts its working process by initializing network
weights randomly and then the input data vector is supplied
to the MLP to produce the output vector. The error vector
is computed from the deviation between output and desired
data signal vectors. This error vector is then fed back along
the network to update connection weights.

The configuration of UAV-assisted node localization to
find coordinates of m™ UN using the MLP model is depicted
in Fig. 3. The MLP architecture presented here contains Q
input nodes, Hys hidden neurons and two output neurons. The
x and y coordinates of m™ UN are expected to be obtained
from two output neurons. The number of input elements is
chosen according to the number of virtual MAANS. The input
elements and hidden neurons are coupled through weighted
feed-forward connections. Similarly, hidden and output neu-
rons are also coupled with weighted feed-forward connec-
tions. Each neuron in the hidden layer is designed with a
simple summer and a non-linear activation function. Thus,
the output of each hidden neuron is computed as [65]:

a=¢ | Ungign |, h=1.2.....Hy (25

In the above equation, Up, is the weight of the connection
from 4™ hidden node to ¢ input node. The non-linear acti-
vation function ¢ is chosen according to requirement. In the
present paper, the unipolar sigmoid function is used as an
activation function. So ¢(t) = 1/(1 4+ 7).

There exists a connection weight Vy;, for the connection
from A" hidden node to the first output node and a connec-
tion weight Vy;, for the connection from h™ hidden node to
the second output node. The two output neurons are treated
as simple summers and the estimated x and y locations
of m™ UN are respectively computed from these neurons
as [65]:

Hyu Hy

fcm = Z Vinzn and _)A)m = Z Vonzn (26)
h=1 h=1
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FIGURE 3. MLP model for UAV-assisted localization mth UN [65].

B. UAV ASSISTED NODE LOCALIZATION USING RBF
Another great variety of NN models is the Radial Basis Func-
tion (RBF) model, which has a high degree of nonlinearity
during input data classification [85], [86]. The centre, spread,
and the network weights are free parameters of this network.
The RBF network can be used for highly non-linear classifi-
cation problems upon the proper selection of these parameters
and number of hidden neurons. The Gradient Descent (GD)
algorithm is generally applied for training the free parameters
of the RBF [87]. The GD algorithm that is used for network
training computes response for the given input training data
vector. Then, the error vector is computed from the variance
between the RBF response vector and desired vector. This
error vector is used to modify free parameters of the RBF net-
work such as output weights, centres and spreads. The RBF
model is widely used for several problems due to its complex
nonlinear mapping and adaptive learning abilities [88], [89].
Since node localization in wireless sensor networks is also
viewed as a pattern classification problem, the RBF model
is also used for such node localization problems. The RBF
with Gaussian activation is expected to be more suitable than
the MLP during node localization as the log-normal shadow-
fading effect of the wireless channel is also modelled with
Gaussian random variables.

The RBF architecture for finding location of m™ UN in a
WSN using UAV is portrayed in Fig. 4. The RBF described
in this figure comprises three layers namely input layer
containing Q elements, hidden layer containing Hr neurons
and output layer containing two neurons. These neurons in
the output layer give x and y locations of m™™ UN. The
number of input elements is equal to the number of virtual
MAAN:Ss. There exist imaginary connections between input
and hidden nodes. Since the imaginary connections do not
carry any weights, the data from the input layer is directly
transferred to the hidden layer. However, the hidden and
output nodes are coupled with weighted connections. Hence,
the weighted hidden layer outputs are transferred to the output
layer.
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The RBF model for node localization has hypothetical
input weights. Since these connections do not carry any
weights, the input vector 7, directly appears at the hidden
layer. Since the hidden neurons consist of Gaussian acti-
vation, the output from each hidden neuron is represented
as [66]:

|#n — €l
Zp = exp —T , h=1,2,...,Hy (27)
h

where Fy = [Fim, Fim, ...,?Qm]T, C), is the (Q x 1) dimen-
sional center vector and oy, is the spread of the /™ hidden
neuron. Similar to MLP, there exists a connection weight Wy,
for the connection from 4™ hidden node to the first output
node and a connection weight Wy, for the connection from pth
hidden node to the second output node. Since the two output
neurons have simple summers, the x and y coordinates of mth
UN are computed respectively from both the output neurons
as [66]:

Hg Hg
Xn = Z Winzy and y,,, = Z Wanzn (28)
h=1 h=1

C. UAV ASSISTED NODE LOCALIZATION USING ELM

Though the NN models such as MLP and RBF attain satis-
factory localization accuracy, their training speed is the major
bottleneck for practical implementation. The MLP and RBF
models require huge training data sets to train the networks.
Thus, the ELM proposed by Huang can substitute MLP and
RBF models due to its fast and strong learning ability during
network training [90]. ELM contains only a single hidden
layer between input and output layers. The input connection
weights from input to output layers are randomly initialized
and the output connection weights from hidden to output lay-
ers are selected methodically in a single step [91]. This kind
of analytical selection of output weights avoids users spend-
ing much time on training a network. Thus, the ELM has
fast training speed and it also has much better performance
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FIGURE 4. RBF model for UAV-assisted localization of mth UN [66].

through its strong learning ability. Due to these abilities, the
ELM has numerous applications [92], [93], [94]. The ELM
architecture for finding location of m™ UN in WSN using
UAV is depicted in Fig. 5. The ELM presented here consists
of Q input nodes, Hr hidden neurons and two output nodes.
The vector of distances from projections of all UAV trajectory
points on ground sensor field to m™ UN deployed on the same
sensor field is considered to be input vector. The two output
nodes compute x and y location of m™ UN. Thus, the input
vector P = [Fim, Pams - - - ?Qm]T € R2, and the output
vector £, &,n]T € R? of the ELM are precisely mapped
as [67]:

Hg
> Bug (hin+bin) = [im, 0] m=1,2,....M
h=1

(29)

where g(r) denote the non-linear activation function. Unipo-
lar sigmoid is the most preferred activation. Further, a;, =
leein, o2m,s vy th]T represents connection weights between
the input signal vector and A™ hidden neuron, B, =
[Bn1, ﬂhg]T represents connection weights between K™ hid-
den neuron and both the output nodes and bij, indicates a bias
of h™ hidden neuron.
The ELM is trained to match the target vector, [/, ¥ ]T
T

by feeding input training vectors 7 = [?{ P ?‘Qi]
where i = 1,2, ..., Mg and Mg represents the total number
of training symbols. Similar to (29), the input and output
training vectors are mathematically related as [67]:

H
iﬂhg (oe,ffﬁ +bih> = [, yg]T, i=1,2,...,Mg
- (30)
The matrix form of (30) is [67]:
HB=T (31)
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where
gWTit +bir) - g (Wh, i+ bing )
H = :
Tsl : T o :

| & (WP, +bit) - g( He My +blHE) -

[ Bu B2 oW
B=| i and T=| ©

L Brgt Brg2 Ly, 0 Ty Yoty Mg x2

During network training, the ELM computes the output
weights (B) using randomly initialized input connection
weights (o) and hidden node biases (bi) by finding the least
square solution of the linear equation HB = T, which is
described according to [67]:

B = argrr}gin IHB — T (32)

The solution to the least square problem given in (32) is [67]:
B=H'T, where H' = H'H)'H (33)

This single step of the training process guarantees minimum
training time and appropriate learning. These trained output
weights, random input weights and random hidden node
biases are used to compute coordinates of m™ UN according
to (29).

V. SIMULATION RESULTS

In the simulation section, the localization accuracy of various
techniques such as RSS, MSL, MLP, RBF and ELM are com-
pared by the use of both FTANs and MAAN. In the present
paper, we assumed deployment of 100 UN in a 2D sensor
field of (120 x 120) square meters dimension. To eliminate
ambiguity in the position estimates, all estimated locations
are averaged for 100 runs. The simulation parameters of UAV
are chosen by extensive experimentation as listed in Table 2.
The parameters required to represent GG and AG channels
are also presented in the same table [13], [14]. The parameters
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FIGURE 5. ELM model for mth UN localization using UAV [65], [67].

TABLE 2. Simulation parameters of UAV and channel models.

TABLE 3. Simulation parameters of MSL and NN models.

Parameter Value Parameter Value
UAYV Parameters ADE
Broadcasting frequency 1/sec Number of Generation (G) 20
UAV speed 40 m/s Population Size (P,) 20
Troin a0 Py 20 m and 100 m Initial Cross-over Probability (Cp) 0.6
Optimal Flying height 41.663 m Initial Mutation Factor (F) 0.5
AG Channel [71, 7, F1, F] [0.1,0.1, 0.1, 0.9]
Reference distance (dy) 1m ABC
N fi i Lyax 2
Path-loss at reference distance (Py[do]) —34.906 dBm umber of iterations (/) 0
Papulation Size (P,) 20
Path-loss exponent (y) 2.6533
e Limit (L = 0.6 X [,ix X D) 24
Standard Deviation (o) 2.15 NN Model
odels
GG Channel -
- Number of input nodes (Q) 9
Reference distance (do) Lm Number hidden neurons (Hy), (Hz) and (Hg) 18
Path-loss at reference distance (Py[d]) —30.446 dBm Number of output neurons (D) 2
Path-loss exponent (y) 2.835 Weight Learning rate of MLP () 0.08
Standard Deviation (o) 53 :
Learning parameters of RBF [u,, e, is] [0.08, 0.05, 0.06]
Number of training symbols for MLP and RBF (M7) 10000
Number of training symbols for ELM (M) 2000

of ADE and ABC-based MSL and NN techniques are listed
in Table 3.

The performance measures such as average localization
error (ALE), root mean square error (RMSE) and m™ node
localization error (LE,,) are used to evaluate performance of
various techniques as expressed respectively as follows [65]

1 M
ALE = - mgl VG =50 + G — 50?34

RMSE

M
1 L o
i n; G — %n)? + Gm — Im)®  (35)
LEm == \/()Acm - )~Cm)2 + (}A’m - )N’m)2

where (X, V) and (X, yn) are the actual and estimated
positions of m™ UN respectively.

(36)
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TABLE 4. Performance comparisons of RSS localization for various UAV
trajectories.

Trajectory Number of Distgnce Covered  ALE in

Trajectory Points in meters meters
SCAN 9 320 2.9697
DOUBLE SCAN 17 640 2.3369
HILBERT 17 680 2.1351

Firstly, the ALE values obtained using RSS for different
UAV trajectory paths are presented in Table 4. It is observer
from this table is that the ALE of HILBERT trajectory is
minimum because this path offers more trajectory points
through longest distance travel. On the other hand, SCAN
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FIGURE 6. Localization accuracies for different broadcat frequencies [65],
[67].

trajectory leaves little high ALE, but not bad as compared
to HILBERT trajectory. The SCAN trajectory achieves this
ALE with a very less number of trajectory points compared
to HILBERT trajectory. The DOUBLE SCAN trajectory has
an intermediate performance between SCAN and HILBERT
trajectories. Since there is not much improvement in ALE
using HILBERT trajectory and also since SCAN trajectory
has less number of trajectory points, we have chosen SCAN
trajectory for the rest of our simulations. Additionally, since
the longest travel also imposes extra energy consumption, the
SCAN trajectory is selected as it travels the shortest distance.

The localization error of RSS—multilateration is computed
as shown in Fig. 6 when the UAV is flying in SCAN trajec-
tory at a height of 41.663 meters and broadcasting signals
at frequencies 0.5, 1 and 2. The flying height is obtained
through height optimization problems. The localization error
is measured in terms of ALE and RMSE. It is witnessed
from this figure that the localization error becomes lesser for
higher broadcasting frequency because the higher broadcast-
ing frequency arranges more virtual ANs. The UAV traveling
at 40 m/s results in 5, 9 and 17 numbers of virtual ANs for
the broadcasting frequencies 0.5, 1 and 2, respectively. The
localization error is the minimum for broadcasting frequency
2. However, the broadcasting frequency is chosen to be 1/s
for the remaining simulations because localization error is not
greatly deviated for broadcasting frequencies 1 and 2. Also,
the computational complexity of broadcasting frequency 1/s
is lesser than the broadcasting frequency 2/s.

The localization accuracies in terms of both ALE and
RMSE for various methods using both FTANs and MAAN
are listed in Table 5. These results convey the efficacy of
MAANSs over FTANs. For example, the ALE and RMSE
values attained by the ELM with 9 fixed ANs are 0.7444
m and 0.8992 m respectively, whereas the ALE and RMSE
values attained by the same ELM with a single UAV are
just 0.3763 m and 0.4426 m respectively. Thus, the MAAN
offers better localization accuracy with minimum cost. It is
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TABLE 5. ALE and RMSE of various localization schemes.

Localization FTANs MAAN
Technique ALE RMSE ALE RMSE
RSS 4.9845 6.2561 2.8993 3.4554
ADE 2.1984 2.5407 1.6911 2.0184
ABC 2.0788 2.4901 1.6441 1.9019
MLP 1.1009 1.3272 0.9261 1.1352
RBF 1.0482 1.2822 0.8571 1.0474
ELM 0.7444 0.8992 0.3763 0.4426

TABLE 6. Complexities required for various localization techniques.

Technique Complexity Order ~ Numerical Complexity
ADE GxP;xM 4 x 10*

ABC Lyax X Py x M 4 x10%

MLP Mr+M 1.01 x 10*

RBF Mr+ M 1.01 x 10*

ELM ~M 100

also found from this table that the ADE and ABC-based MSL
techniques perform well over the poor RSS. The localization
accuracy of MSL techniques is still not satisfactory due to the
non-linear distortions induced in the wireless channels. Under
such situations, the non-linear techniques such as MLP, RBF
and ELM perform fairly well over the RSS and MSL tech-
niques. The ALE of ELM is consistently outperforming all
other techniques with an accuracy enhancement of (40-85)
% over RBF, MLP, MSL and RSS schemes. Similarly, the
RMSE of ELM has an accuracy enhancement of (42-87) %
over RBF, MLP, MSL and RSS schemes. This performance
improvement is attained in cases of both FTANs and MAAN
as seen in Table 5.

The projections of UAV on terrestrial sensor area, true
locations of UNs, and the computed locations of UNs using
different localization techniques are illustrated in Fig. 7.
From this figure, it is observed that the NN techniques are
outperforming MSL techniques and the accuracy of ELM
is high over RSSI, MSL, MLP and RBF techniques. Thus,
we can observe that the true and estimated location using
ELM almost coincide as we see in Fig. 7(f), whereas there
exists a huge deviation between the true and estimated loca-
tion of RSS as we can see in Fig. 7(a). This attribute is because
the ELM has a high nonlinear structure with strong learning
ability.

The localization error obtained for each UN using sev-
eral localization methods with MAAN is illustrated Fig. 8.
As perceived in this figure, the RSS results in significant
deviation in localization error for different UNs as shown in
Fig. 8(a) because the RSS scheme fails to estimate coordi-
nates of UNs situated far away from all ANs. Unlike RSS,
the MSL techniques result in less localization error for each
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FIGURE 7. UAV assisted UN localization using: (a) RSS (b) ADE (c) ABC (d) MLP (e) RBF (f) ELM [65], [67].
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TABLE 7. Comparison among various localization techniques based on their features.

Feature RSSI [42] ADE MSL [63] ABC MSL [64] MLP [65] RBF [66] ELM [67]
Performance Poor Sub—optimal Sub—optimal Near —optimal Near—optimal Optimal
Complexity Very Less High High Moderate Moderate Less
Mobility of UNs  Not Supports Not Supports Not Supports Supports Supports Supports
Search time Very Less High High Moderate Moderate Very Less
Requirements Extra receiving ~ Metaheuristic Metaheuristic Huge training data ~ Huge training data ~ Minimal training
Antenna optimization optimization set set data set
Main Benefit Low Fast convergence  Capability to find =~ Highly non-linear Highly non-linear Highly non-linear
Complexity with Fand C, optimal solution classification classification classification with
fast and strong
learning ability
35 depicted in Fig. 9. Furthermore, the MLP, RBF and ELM
O— techniques have low localization error as compared to RSS
3 1 o and MSL techniques with an increased number of UNs.
— S RSSI O~ The complexities required to localize M UNs have been
g T ADE s made among various techniques as shown in Table 6. The
E | ——aBC e AMOng VArIous N ) ° >
223 e MLP ) numerical complexities computed for various techniques are
% RBF as per the parameters presented in Table 2 and Table 3. In this
% o —F— EIM work, the complexity denotes the number of cost function
:O; K*\* .evaluaftions. .In the present Work, the MSL problem given
% v V——— in (8) is considered as a cost/fitness function. Further, to make
8 15 = A 5 N an appropriate comparison between ADE and ABC algo-
< rithms, we have considered approximately equal complexity
1 Fo—s for both ADE and ABC algorithms. Thus, the complexities
T + i 4 considered for both ADE and ABC algorithms are the same as
* * e = 1 * 1 .ﬂl‘. seen in Table 6. On the other hand, the complexities in MLP,
0'520 40 60 80 100 120 140 160 180 200 RBF and ELM techniques refer to the number of training
Number of UNs symbols required. Table 6 also clearly declares that the MLP

FIGURE 9. Average localization error of various localization schees with
increased number of UNs [65], [67].

UN because of their capability to find global optimal solution.
The MLP, RBF and ELM schemes are able to find optimal
positions for all UN irrespective of their locations due to
their exhaustive training mechanisms. Thus, error distribu-
tions of these techniques are almost uninformed as observed
in Fig. 8(d) to Fig. 8(f). Further, ELM has an edge over MLP
and RBF as ELM results in localization error approximately
below 2 m for all UNs as shown in Fig. 8(f), whereas some
of the UNs localized by MLP and RBF occasionally yield
localization error up to 4 m as shown in Fig. 8(d) and Fig. 8(e),
respectively. This is due to the strong learning ability of ELM.

The ALE is computed for various localization methods
while varying the number of UNs as presented in Fig. 9.
Usually, the ALE in a highly dense network is lower than
in a low dense network because the number of UNs under
the proximity of each ANs increases as the number of UNs
increases. The ALE decreases as the connectivity between
ANs and UNs increases. Thus, the ALE of all localization
techniques decreases with an increased number of UNs as

VOLUME 10, 2022

and RBF techniques have a substantial complexity gain over
the MSL schemes. The ELM has further complexity gain over
MLP and RBF as the ELM trains the network in a single
iteration. From this table, it is also observed that the MSL
scheme enforces exponentially increased complexity with an
increased number of UNs. By contrast, the NN techniques
need only linearly increased complexity.

Finally, Table 7 provides the brief comparison among var-
ious soft computing based localization schemes in terms of
major features. Thus, this paper includes major finding of this
paper and supports the usage of NN schemes.

VI. CONCLUSION AND FUTURE SCOPE

Estimation of node coordinates is essential for many appli-
cations of WSNs. Node localization using FTANs suffers
from poor localization accuracy and high execution cost
because FTANs use unreliable GG channel link to estimate
the location of a node. The MAAN deployed in UAV is
preferred over FTAN to make the network more viable and to
improve localization accuracy because MA ANSs uses reliable
AG channel link to estimate the location of UNs. Among
various localization techniques, soft computing techniques-
based localization is preferred over the RSS-multilateration
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because the RSS technique suffers from poor localization
accuracy. Though the OT-assisted MSL schemes perform
well over RSS, the non—linear distortions induced in the wire-
less channel limit their MSL’s performance. Thus, the non—
linear techniques such as MLP, RBF and ELM are considered
to be better choices. Among these NN techniques, the ELM
outperforms the MLP and RBF due to its fast and strong
learning ability. The ELM approximately has an accuracy
gain of (40-85) % over RBF, MLP, MSL and RSS schemes.
NN-based schemes are also efficient as they support the
mobility of UNs. The well-trained NNs are capable of finding
the coordinates of UNs instantly even if they move to a new
position within the same sensor field, whereas the RSS and
MSL techniques follow their entire localization procedure to
find location of new positions.

In the present work, we aimed to localize UNs deployed
on 2—-dimensional ground sensor fields using aerial ANs.
However, in some circumstances, UNs may also be placed in
3—dimensional aerial environment instead of always placing
them in a 2-dimensional ground plane. Since there exist
several factors influencing the localization of aerial UNs,
localization of such UNs placed on 3—dimensional plane
would be an interesting and challenging task.

The present study estimates locations for virtual UNs in the
ground sensor field. This study could be more challenging in
future by considering the impacts of the natural phenomenas
such as RSS values obtained through non LoS paths, energy
requirements, acoustic emission, speed of the mobile UNs
and so on.
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