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ABSTRACT

The parametric block diagram of the electromagnetoelastic actuator nanodisplacement or the
piezoactuator is determined in contrast the electrical equivalent circuit types Cady or Mason for the
calculation of the piezoelectric transmitter and receiver, the vibration piezomotor with the mechanical
parameters in form the velosity and the pressure. The method of mathematical physics is used. The
parametric block diagram of electromagnetoelastic actuator is obtained with the mechanical parameters
the displacement and the force. The transfer functions of the electroelastic actuator are determined. The
the generalized parametric block diagram, the generalized matrix equation for the electromagnetoelastic
actuator nanodisplacement are obtained. The deformations of the electroelastic actuator for the
nanotechnology are described by the matrix equation. Block diagram and structural-parametric model of
electromagnetoelastic actuator nanodisplacement for nanodisplacement of the communications systems
are obtained, its transfer functions are bult. Effects of geometric and physical parameters of
electromagnetoelastic actuators and external load on its dynamic characteristics are determined. For
calculations the communications systems with the piezoactuator for nanodisplacement the parametric
block diagram and the transfer functions of the piezoactuator are obtained.

Keywords: Electromagnetoelastic actuator; Parametric block diagram; Matrix transfer function;
Piezoactuator.

1 Introduction

The parametric block diagram of electromagnetoelastic actuator for nanodisplacement on the
piezoelectric, piezomagnetic, electrostriction, magnetostriction effects, for example, the piezoactuator is
determined in contrast electrical equivalent circuit types Cady or Mason for the calculation of the
piezotransmitter and piezoreceiver, the vibration piezomotor with the mechanical parameters in form the
velosity and the pressure [1 — 11]. The block diagram of electromagnetoelastic actuator is obtained with
the mechanical parameters the displacement and the force [7 - 9]. The electromagnetoelastic actuator is
used for precise alignment in the nanotechnology, the adaptive optics, the communications systems. The
piezoactuator of nanometric movements operates based on the inverse piezoeffect, in which the motion is
achieved due to deformation of the piezoactuator when an external electric voltage is applied to it [1 - 19].

Piezoactuator - piezomechanical device intended for actuation of mechanisms, systems or management
based on the piezoelectric effect, converts the electrical signals into the mechanical movement or the
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force [13 - 15]. The piezoactuators for the drives of nano- and micrometric movements provide the
movement range from several nanometers to tens of microns, the sensitivity of up to 10 nm/V, the loading
capacity of up to 1000 N, and the transmission band of up to 100 Hz. The investigation of the static and
dynamic characteristics of the piezoactuator is necessary for the calculation mechatronics systems of the
nano- and micrometric movements for the communications systems. The piezoactuators provide high
stress and speed of operation and return to the initial state when switched off; they have very low
displacements. The piezoactuators are used in the majority of nanomanipulators for scanning tunneling
microscopes, scanning force microscopes, and atomic force microscopes. The nanorobotic manipulators
of nano- and microdisplacements with the piezoactuators are the key component in nanorobotic systems.
The main requirement for nanomanipulators is to guarantee the positioning accurate to nanometers.

By solving the wave equation with allowance for the corresponding equation of the
electromagnetoelasticity, the boundary conditions on loaded working surfaces of the
electromagnetoelastic actuators, and the strains along the coordinate axes, it is possible to construct the
structural parametric model of the actuator [8, 9, 18]. The transfer functions and the parametric block
diagrams of the electromagnetoelastic actuators are obtained from the set of equations describing the
corresponding structural parametric model of the actuator for the communications systems. The method
of mathematical physics is applied for the solution of the wave equation of the electromagnetoelastic
actuator for the communications systems with using the Laplace transform for the construction the
parametric block diagram of the electromagnetoelastic actuator. As the result of the joint solution of the
wave equation of the actuator with the Laplace transform, the equation of the electromagnetoelasticity,
the boundary conditions on the two loaded working surfaces of the actuator, we obtain the corresponding
structural-parametric model and the parametric block diagram of the electromagnetoelastic actuator.

2 Block Diagram of Electromagnetoelastic Actuator
The parametric block diagram and the matrix transfer functions of the electromagnetoelastic actuator for
the nanotechnology are obtained from the structural-parametric model of the electromagnetoelastic
actuator with the mechanical parameters the displacement and the force. The parametric block diagrams
of the voltage-controlled or current-controlled piezoactuator are determined from the generalized
structural-parametric model of the electromagnetoelastic actuator.

The equation of the electromagnetoelasticity of the actuator [7, 8, 11] has the form

S.

=st"T, +dE, +dnH, (1)

where S, is the relative deformation along the axis i, E is the electric field strength, H is the magnetic field

strength, sijE’H is the elastic compliance for E =const, H =const, T, is the mechanical stress along the
axis j, dt is the piezomodule, i.e., the partial derivative of the relative deformation with respect to the
electric field strength for constant magnetic field strength, i.e., for H =const, E,, is the electric field
strength along the axis m, dt is the magnetostriction coefficient, H, is the magnetic field strength along
theaxism,i=1,2,..,6,j=1,2,..,6,m=1,2,3.

Let us consider separately effect the electric field strength and the magnetic field strength, therefore the
generalized equation of the electromagnetoelasticity has the form

http://dx.doi.org/10.14738/tnc.63.4641
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S =dy ¥, (1) +s/T,(xt) (2)

where S, = 8§(x,t)/8x is the relative displacement along axis i of the cross section of the piezoactuator,
Y, = {Em,Dm ,H,, is the control parameter E,_ for the voltage control, D,, for the current control, H,, for

is the coefficient

mi

magnetic field strength control along axis m, T, is the mechanical stress along axis j, d
of electromagnetoelasticity, for example, piezomodule, si}l’ is the elastic compliance for the control

parameter ¥ =const.

The main size is determined us the working length | = { d,h,b for the actuator or the piezoactuator in form

the thickness, the height and the width for the longitudinal, transverse and shift the piezoeffect.

For the construction the parametric block diagram of the electromagnetoelastic actuator in
nanotechnology is used the wave equation for the wave propagation in a long line with damping but
without distortions. With using Laplace transform is obtained the linear ordinary second-order differential
equation with the parameter s. Correspondingly the original problem for the partial differential equation
of hyperbolic type using the Laplace transform is reduced to the simpler problem [8, 14, 18] for the linear
ordinary differential equation

d?=(x,s)/dx?* —y22(x,s)=0 (3)

with its solution
=(x,s)=Ce™ + Be™ (4)
where Z(x,s) is the Laplace transform of the displacement of section of the actuator, y = s/c¥ +a isthe

propagation coefficient, ¢* is the sound speed for ¥ =const, o is the damping coefficient, C and B are
constants.

From generalized electromagnetoelasticity equation (3), we obtain the system of equations describing the
generalized structural-parametric model of the electromagnetoelastic actuator for the communications
systems:

(s)= [1/(M152)]><

{-R6)+ 027 ) [ (6)- T /s0007)] [en( B (5)-2, ()]
,(5)= [1/(M232)]><

| F6) ) b)) el . (5)-2,6)])

[1]

(5)

X

[1]

dy3,dy,0;55 Es.E S53511,555 c* i 0
v W
Where Vmi = 933,931,915 , ‘{’m = D3ID1 , si}}l = S;,SS,S; , Cq' = CD , y — ,YD , I = h ) Xij = Sij /SO ’
H oH oH H H
da3,dy,d55 Hs H, S331511 1555 c Y b

then parameters V¥, :{Em,Dm,Hm of the control for the electromagnetoelastic actuator, v, is the
coefficient of the electromagnetoelasticity, for example, d,; is the piezomodule for the voltage-
controlled piezoactuator, g, is the piezomodule for the current-controlled piezoactuator, d,; is the

coefficient of the magnetostriction, S; is the cross section area and M,, M, are the displaced mass on

Copyright © Society for Science and Education, United Kingdom
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the faces of the electromagnetoelastic actuator, Z,(s), Z,(s)and F,(s), F,(s) are the Laplace transform of

the displacements and the forces on the faces of the electromagnetoelastic actuator. Figure 1 shows the
generalized parametric block diagram of the electromagnetoelastic actuator corresponding to the
equation (2) of the electromagnetoelasticity and the set of equations (5).

() .. .
~7,0.5) | 26 E6) )
L\Y P S ) . B ! ]

i
Y
= sh(ly)
Ex:()
7,6)
—_— > V., >
d=|
dx ., y
sh( )
WIRLEIR S 1 1
5y 0 1, s 5
-1,0.5) E.() E.06) 506)

()

Figure 1. Generalized parametric block diagram of electromagnetoelastic actuator for nanodisplacement

The matrix state equations [11, 14] for the piezoelectric effect have the form

(D)=(@)(T)+(")(€) (6)

(8)=5)(T)+ (@) (B) (7)
where the equation (6) describes the direct piezoeffect, the equation (7) depicts the inverse piezoeffect,
and the matrixes: (D) is the column-matrix of the electric induction along the coordinate axes, (S) is the
column-matrix of the relative deformations, (T) is the column-matrix of the mechanical stresses, (E) is
the column-matrix of the electric field strength along the coordinate axes, (d)' is the transposed matrix
of the piezoelectric modules, (SE) is the elastic compliance matrix, (ST) is the matrix of the dielectric

constants. In the equation (6), (7) are the six stress components T,, T,, T;, T,, T, T,. The components

T,— T, are defined to extension-compression stresses, the components T, — T, are related to shear
stresses [8, 11].

Let us consider the transverse piezoelectric effect in the piezoactuator. The equation of the inverse
transverse piezoeffect [8, 11]

Sl = d31E3(t)+ SlElTl(X’t) (8)
where S, = 6é(x,t))/8x is the relative displacement of the cross section of the piezoactuator along axis 1,

d,, is the piezoelectric module for the transverse piezoeffect, s] is the elastic compliance for E = const

along axis 1, T, is the stress along axis 1.

http://dx.doi.org/10.14738/tnc.63.4641
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The solution of the linear ordinary second-order differential equation with the parameter s (3) we obtain
as (4) and subject to the conditions

2(0,s)=Z,(s) for x=0 (9)
2(h,s)=2,(s) for x=h
The constants C and B for the solution are determined in the following form

C=(z,e"” -2, )/2sh(hy)] , B=(=, =™ )[2sh(ty)] (10)
Then, the solution (4) can be written as
2(x,s)={E.(skhl(h—x)y]+ =, (skh(xy)}/sh(hy) (12)
The equations of forces acting on the faces of the piezoactuator has the form
T,(0,5)S, = F(s)+ M, p?E,(s) for x=0 (12)
T,(h,s)S, = —F,(s)- M,s°Z,(s) for x=h
where T,(0,s) and T,(h,s) are determined from the equation of the inverse transverse piezoeffect.

Therefore we obtain the system of the equations for the mechanical stresses at the faces of the
piezoactuator for the transverse piezoeffect in the form

Tl(o’s) = <]/31E1) dE(X’S)/dXL:o —d3E, (S)/SlEl (13)
Tl(hvs) = (1/51E1)d5(x,s)/dx|xzh —dyEy (S)/SZI.E:L

The set of equations (13) for mechanical stresses in piezoactuator yields the following set of equations
describing the structural parametric model and the parametric block diagram of the voltage-controlled
piezoactuator for the transverse piezoelectric effect on Figure 2

El(s =[1/(|V|1$2)] X (14)
[0, 5)- /st fen(tw 2, (5)- =, )]}

[1]
N
—_

w
SN

I
—_

<
N

w

N
™ ~

X

[0,,E4(s)~[y/sh(ny)] [en(im)2,(6)-=,(6)]

where 5 =s5/s,, I=h.

Copyright © Society for Science and Education, United Kingdom
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EGE) . .
~1,0.5) ' E6) E26) 506
% S, Y| — > l > l

—

=

x=0

¥

> S, L 1 > !
st ’ - | M, s s
7]3(11’ S) Io (Y) 2 (‘S) Ez (‘) EZ(V)
2 (¢

Figure 2. Parametric block diagram of voltage-controlled piezoactuator for transverse piezoeffect

[1]

The parametric block diagram of the voltage-controlled or the current-controlled piezoactuator for the

transverse, longitudinal, shift piezoelectric effects are determined from the generalized structural-
parametric model of the electromagnetoelastic actuator.

3 Matrix transfer function of electromagnetoelastic actuator

From (5), (14) matrix equation of the Laplace transforms of the displacements with the matrix transfer
function of the electromagnetoelastic actuator is obtained in the form

(B(s)=W(s)(P(s)) (15)
(E(s))= (El(S)J W)= (Wn(s) W,y (s) Wy (3))

E,(s) ’ W,y (s) Wiy(s) Wig(s)
¥, (s)

(P(s)=| F.(s)

F,(s)

i

where (Z(s)) is the column-matrix of the Laplace transforms of the displacements, (W(s)) is the matrix

transfer function, (P(s)) the column-matrix of the Laplace transforms of the control parameter and the
forces.

The generalized transfer functions of the electromagnetoelastic actuator are the ratio of the Laplace
transform of the displacement of the face and the Laplace transform of the corresponding control
parameter or the force at zero initial conditions

Wll(s) = El(s)/LPm (S) = Vi [M ZX;,‘I‘SZ + yth(|y/2)] /Aij

X =Sy /S0

http://dx.doi.org/10.14738/tnc.63.4641 | 6 |
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Ay = MM, (! F s+ {(My + M, /e th(y)]js° +
[M +M )x oc/th ly) +1/( )ZLZ-FZOLS/CW-FOLZ

W21(S) = ( )/\P [M1XiT52 +Yth(|Y/2)] /Aij

[1]

W,y ()= ,(8)/R(s) =~ Moy s? +v/thlhy)] /.

W13(3) = E1(5)/ F, (S) =
=W,,(5)=2,(s)/F(5)= [ v /sh(iy)/ A,

Was(s) = Z,(8)/Fals) = Mz s* + v/tn(in)] /A,

The static displacements of the faces for the voltage-controlled the piezoactuator for the shift piezoeffect
are obtained from (15) at m<<M,; and m<< M, in the form

};1(00)= (M2U0d15 b/S)/(Ml + Mz) (16)
3;2(00)2 (M1U0d15 b/s)/(Ml + Mz) (17)
For the voltage-controlled the piezoactuator from PZT under the shift piezoeffect at m<<M,; and

m<<M,, d,; =4-10""m/V, b/3=10, U =50V, M, =1kg and M, =4 kg the static displacements of the
faces the piezoactuator are determined &,(»)=160nnm, &,(w)=40nm, & (o0)+&,(o0) =200 nm.

The transfer function of the voltage-controlled transverse piezoactuator is obtained from (14) for elastic-
inertial load at M; - o, m<< M, and the approximation the hyperbolic cotangent by two terms of the

power series in the form

W(s)=E,(s)U(p)=k /(T7s? + 2T s +1) (18)

k= (d31 h/6)/(1+ Ce/clEl)f T, = v Mz/(Ce+C1E1)f En = ahZCIEl (3CE\/ Mz(Ce + ClEl ))

where U (p) is the Laplace transform of the voltage, k; is the value of the coefficient of the displacement
for the voltage-controlled piezoactuator, T, is the time constant and &, is the damping coefficient of the

piezoactuator.

For the voltage-controlled transverse piezoactuator at M, > , m<<M, and d, =25-10" m/V,
h/5=20, M, =1kg, C;=2-10" N/m, C,=0.5-10" H/m we obtain the value of the coefficient of the
displacement and the time constant of the actuator k, =4nm/V, T, = 0.2-107¢.

The matrix transfer function of the actuator is determined for control systems with the
electromagnetoelastic actuator in the communications systems.

The generalized parametric block diagram and generalized structural-parametric model of the
electromagnetoelastic actuator are obtained. From generalized structural-parametric model of the
actuator after algebraic transformations the transfer functions of the actuator are determined.

Copyright © Society for Science and Education, United Kingdom
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The parametric block diagram, the structural-parametric models of the piezoactuator for the transverse,

longitudinal, shift piezoelectric effects are determined from the generalized structural-parametric model

of the electromagnetoelastic actuator for the communications systems.

4 Conclusion

The generalized parametric block diagram and the generalized structural-parametric model of the

electromagnetoelastic actuator are constructed with the mechanical parameters the displacement and

the force.

The parametric block diagrams of the piezoactuator for the transverse, longitudinal, shift piezoelectric

effects are determined. The matrix transfer function of the electromagnetoelastic actuator is obtained for

the communications systems.
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ABSTRACT

Compared with the traditional method of detection tracking, space sensor networks for its good character
of the traditional tracking methods inadequate. For the localization algorithm and route planning of space
sensor network exists a big positioning error in high altitude platform station (HAPS) space
communication. Space sensor network communication system is researched. According to the anchor
nodes and unknown nodes, location algorithm and node route planning method of HAPS are proposed in
this paper. The performance of the node density and location error are simulated and analyzed in HAPS.
The simulation results show that the performance of proposed location error is better than the traditional
algorithms.

Keywords: Network Communication; Location Algorithm; Anchor Node; Mathematical Model

1 Introduction

The high altitude platform stations (HAPS) is a new information system that has been developed at an
early stage in recent years. Stratospheric HAPS is a key instrumentality for broadband wireless
communication, as it could complement and cooperate with satellite and terrestrial communications. So
far, in the process of studying and developing of space sensor networks, security has been concentrated
less. As a new network, the space sensor network is a multi-discipline, highly intersecting researched hot
field, which is of both military and business values. Topology control is one of the most fundamental
problems in space sensor networks [1-3], which are the newest technology of information collecting and
processing, have a wide range of application including military and business. But the node localization
information played a key role in the application of space sensor network. The uplink capacity formula for
the HAPS-terrestrial CDMA system is deduced and the capacity of the ring structure and that of the multi-
layer structure are compared [4-5]. Research of the space sensor network gradually gets the focus from
the industrial and academe [6-7]. It has a great application future in the military and civil area. Reducing
power consumption to extend network lifetime is one of the most important challenges in designing space
sensor networks.

Anchor node positioning usually depends on manual deployment or using GPS. The manual deployment
of anchor nodes is not only limited by the network deployment environment. It also severely restricts the
DOI: 10.14738/tnc.63.4714
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scalability of networks and applications. With GPS positioning. The cost of anchor nodes will be two orders
of magnitude higher than that of ordinary nodes. This means that even if only 10% of the nodes are
anchor nodes, the price of the entire network will increase by 10 times. In addition, the range of
positioning accuracy increases with the increase of the density of anchor nodes. When it reaches a certain
level, it will not increase again. Therefore, the density of anchor nodes is also one of the important
indicators for evaluating the performance of positioning systems and algorithms.

References [8-15] prolonged network lifetime, good scalability and proper load balancing are important
requirements for many sensor network applications. Clustering sensor nodes is an effective technique for
achieving these goals. Clustering Algorithm based on Node Correlation (CANC) is proposed. CANC utilizes
received signal strength, residual energy and connectivity to choose cluster-heads. It takes the node
correlation into account to determine cluster members. Analysis and simulation results show preliminarily
that, the new CANC algorithm can make cluster-heads well distributed and achieve good performance in
terms of system lifetime, scalability and LBF (load balancing factor). Classic clustering algorithms in space
sensor networks are studied and find two main reasons causing unnecessary energy consumption, which
are fixed operation periods and too much information exchanged in cluster-heads selection. Then an
Energy-Efficient Clustering Algorithm (EECA) is proposed, whose kernels are adaptive operation period
model and a new cluster-heads selection method [16-18]. Simulation results show that the proposed
protocol can adjust operation period adaptively and reduce the information exchanging in choosing
cluster-heads, is more energy-efficient and suitable for space sensor network.

A new location algorithm and route planning for use in space sensor network are studied in References
[19-20]. References [21-22] presents the analytic and simulation results of the performance of UWB
relative location estimation in space sensor networks, and analyze and evaluate the energy consumption
models in space sensor networks with probabilistic distance distributions. References [23-24] propose
resolving schemes of data collection in space sensor networks of both plane model and linear and
nonlinear mathematics model, and proposed a new node route planning method.

The rest of this paper is organized as follows. In Section Il, the space sensor network system of HAPS model
node route planning is researched. In Section Ill, the location algorithm and route planning is built up for
the space sensor network communication system. In Section IV, simulation results are presented. Finally,
conclusions are drawn in Section V.

2 Node Route Planning
The space sensor network is drawn in Figure.1l. Space sensor network includes a anchor nodes and
unknown nodes. It can be implemented with a laser or microwave communication between them. It is a
challenging problem about the location algorithm. The traditional location algorithm of SCAN [25] for
space sensor network can be seen in Fig.1.

(%3, ¥3)
(X2, 2)

(0, %1)

Figure 1. SCAN location algorithm
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As can be seen from Fig.1. First, in one direction (such as scanning from outside to inside), the sequence
of the requested service is sequentially accessed during the scanning. Scan backwards when scanning to
the innermost service sequence. Note here that assuming the innermost layer is track 0. The sequence of
the innermost request service is no. 5. After visiting no. 5, it is reversed, and there is no need to sweep
back. In the better understanding of the elevator process, when the elevator accesses people, it is clear
that the lowest level is no one. It will not go any further. We suppose some node that is the beacon node,

the position is (1) ,one node is the unknown node, the position is (*'¥) \We suppose the distance from
d

the beacon node to unknown node is “*,so we can get:
(% =x)"+(y,-y) =/ (1)
st. 0<x<1,0<y<l, (2)

The traditional location algorithm of CIRCLES for space sensor network [20-21] is shown in Fig.2.

OQ

Figure 2. CIRCLES location algorithm

The relationship of multilateral localization of the unknown node is shown in Fig.3.

P

Figure 3. Multilateral localization of the unknown node

There are two beacon nodes in the space sensor network system.The position of beacon node C (%,¥212)

, AC=d, , the mathematics model can be denoted as

http://dx.doi.org/10.14738/tnc.63.4714
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2 2 2_42
(xi—x) +(y1_y) +(Zl—Z) =d,
2 2 2_ 12
(Xz_x) +(y2_y) +(22_Z) =d, (3)
y=0ory=lorz=I,
st. 0<y<l,0<z<l,

There are three beacon nodes in the space sensor network system, the mathematics model can be
expressed as

(% _X)Z +(% - y)2 +(z _2)2 =d,

(% = %) +(¥, = y)" +(z, ~2)" =d;’

(x3 —x)2 +(y3 - y)2 +(z3 —2)2 =d,? (4)
y=0ory=lorz=I,

s.t. 0<y<lI,0<z<l,

The distance of anchor nodes can be calculated as follows:
I
[Z(ski - in)a]l/a k=1
dg=1 " k=12,.,M;j=12. (5)
[Z(Ski - Xj(i+|H))a]1/a k>1
i=1
3 Location and Route Planning Algorithm

For space sensor network node location, due to the location of the mobile node insert uncertain nodes,
so the inserted into the virtual anchor nodes, which helps to limit the location error. The node system
model is shown in Fig.4.

(O Unknown node

o Anchor node
Figure 4. The node system model
The node movement route plan is obtained. So we can get:

X = Xp + ' xtxcos(2zt + @)
Y =Yg+ xtxsin(2zt + @) (6)

Similarly, in the triangle, we can get:

_(d3/4)+d —dg
d,d,

coséd

(7)

Combined with formula (6) and (7), d, can be expressed as:
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JJ2d2 +2d2 —d?
do =

2

The total path length can be expressed as

20
D= z\/rz +4r? 72 + Ar’tsin(4xt) + 4r’tcos(4xt)
t=1

The flow chart of space sensor network node location is shown in Fig.5.

Anchor node
position

L

Broadcast message

packet by {T.q.(a,b)}

Calculate the
relative distance
of nodes

Compare node
information
CX=>Y7?)D

unknown node
model and

location
algorithm

End

Figure 5. The flow chart of location

Where, the anchor node broadcast message is shown in Fig.6.

We assume that the received packet position is triangle.

Figure 6. The anchor node of broadcast message

Node relative positioning and the radial error can be expressed respectively:

error, =42 . x100%
nx

http://dx.doi.org/10.14738/tnc.63.4714
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(9)
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iabs(xi —X;)

error, =11 x100% (11)
nxR

4 Simulation Analysis

Considering the 150 nodes to be mounted on the random uniform topology. The relation between node
radius and location error is shown in Fig.7.

—*— Proposed algorithm
—8— Traditional SCAN
—&— Traditional CIRCLES

1.8

1.6

1.4

1.2

Location error(m)

08 W i
2 4 6 8 10 12 14 16 18 20
Node density

Figure 7. Relation between node density and location error

As can be seen from Fig.7.The location error performance of proposed space sensor network node
location algorithm is better than traditional SCAN and CIRCLES.The relation between node density and
location proportion is shown in Fig.8.

100

98

96 1
94 B
92 1

90

88

Location proportion(%)

86

—— Proposed algorithm
—H&— Traditional SCAN
——©— Traditional CIRCLES | -

82

80 L L L L L L L L
2 4 6 8 10 12 14 16 18 20
Node density

Figure 8. Relation between node density and location proportion

As can be seen from Fig.8. The location proportion performance of proposed space sensor network node
location algorithm is better than traditional SCAN and CIRCLES methods. The relation of movement speed
of nodes and location error is shown in Fig.9.
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Figure 9. Relation of movement speed and location error

As can be seen from Fig.9. With the increase of movement speed of nodes, the
shows different changing tendency along with different location error. In all, the proposed algorithm is
better than the traditional SCAN and CIRCLES methods. Location time under different movement speed is
shown in Fig.10.

1000E
9004 —— Proposed algorithm
—H&— Traditional SCAN
800 —O©— Traditional CIRCLES

700

600

500

Location time(s)

400

300

200

100 . . . . . .
0.5 1 15 2 25 3 3.5 4
Movement speed(m/s)

Figure 10. Node density and location error

As can be seen from Fig.10, the location time is different when the movement speed is different. With the
increase of movement speed, the location time is becoming less.

5 Summary
Based on the analysis of the space sensor network, some conclusions are obtained. First of all, the
space sensor network communication system is set up. Then, location algorithm and node route planning
of space sensor network are proposed. Some mathematics model is built according to the space sensor
network communication system. Lastly, mathematics model and location algorithm and route planning
method are simulated. The performance of the proposed location algorithm and route planning method
is better than the traditional methods.
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ABSTRACT

The methods of ecological assessment of the environmental quality of growing birch trees on fluctuating
asymmetry of leaves after their stop in growth are briefly presented. In comparison with the average
values of parameter measurements, each of the five leaves from at least three birches improves the
accuracy of modeling and seven times reduces the complexity of measurements.

Key words: three birches, on five leaves, 10 parameters, factor analysis, correlation coefficient, strong
regularities

1 Introduction
In environmental technology is gradually coming to an understanding of the need for modeling

relationships between the parameters of structure of plant leaves identification method (Mazurkin,
20144, b).

Our Russian inventions (Mazurkin, Semenova, 20163, b, c, d, e, f) refers to the engineering of biology and
bioindication of the environment quality measurements of the growth of the organs of different plant
species, mostly woody plants, for example, samples in the form of leaves of birch trees with a simple and
small leaf blades.

The technical result is an increase in the accuracy of indication of the quality of the surrounding birch
leaves of the local environment, as well as simplifying and improving the performance of measurements
of leaf parameters. Thus, we completely restore the principle of individuality of biological measurements
on the geometry of fluctuation of each sheet.

2 The Method of Measurement and Analysis
Figure 1 shows a diagram of the dimensions of each sheet: 1 - the width of the left b’ and right b” halves
of the leaf (the measurement was carried out in the middle of the leaf blade), mm; 2 - length |’ and |’
the second from the base of the leaf veins of the second order, mm; 3 —distance I/, and I/ between

the bases of the first and second veins of second order, mm; 4 —distance |’ and |” between the ends of

these veins, mm; 5 —angle &' and " between the main vein and the second from the base of the leaf
vein of the second order. Collection of material should be carried out after stopping the growth of leaves
(in the middle lane since July).
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For environmental assessment of anthropogenic impact on the territory take at least three birches in
approximately the same conditions of growth, with each birch take at least five leaves of different sizes
on the part of the estimated area, then the measurement of the five parameters of the sheet is carried
out with the use of geodetic protractor with the price of dividing the measuring scale of 0.1 mm, with all
at least 15 leaves are taken for the population of individual individuals, therefore, the table of
measurement results without averaging the measured values is further compiled, and the resulting
sample is statistically simulated and subjected to factor analysis to identify binary relations between 10
indicators, with all 100 biotechnical laws identified in the software environment CurveExpert-1.40 by the
formula of the form

y =a,x* exp(—a,x*) +a;x* exp(-a,x*) (1)

where Y - an indicator or a dependent quantitative factor (10 parameters for five indicators from two
halves of the sheet); X - an explanatory variable or an influencing factor (the same 10 parameters from

each sheet); @,...a5 - the model parameters obtained by identification.

Figure 1

Corresponding Author: Peter Mathveevich Mazurkin, Volga State University of Technology, 424000, the
Republic of Mari El, Yoshkar-Ola, Lenin Sq., b. 3, Email: kaf_po@mail.ru

According to the results of factor analysis by identifying binary relations between 10 indicators perform
environmental assessment of the territory by the coefficient of correlation variation, and then from 100
biotechnical laws are selected having a correlation coefficient of at least 0,7 and consider pairwise five
parameters of the sheet, as well as environmental assessment is carried out by differences between the
structure and parameters of specific equations.

The results of the measurements in a clean area of the city of Zvenigovo Republic of Mari El

According to the principle of individuality of each leaf, the results of measuring the parameters of 15
leaves of only three birches in a clean area are listed in table 1.

http://dx.doi.org/10.14738/tnc.63.4874
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Table 1. Results of measurements of birch leaves growing in the clean zone of the city

(on 5 of leaves with 3 plants)

Width b, mm Length, | _,mm Distance | ,mm Distance |_,mm Corner « , degree
Ne trees sh’\oleget left right left right left right left right left right
b’ b” e | | loen I M a' a’
1 18 17 32 30 8 8 10 10 30 28
2 19 21 33 36 9 8 12 13 34 39
1 3 22 19 36 32 6 8 14 14 37 33
4 17 20 31 31 5 7 13 11 44 34
5 16 17 29 31 12 11 12 16 30 31
6 16 17 28 29 5 6 10 10 34 37
7 17 15 31 29 3 2 10 9 43 37
2 8 18 18 33 32 5 5 11 9 37 36
9 16 19 28 32 5 5 10 11 38 42
10 23 21 37 40 5 6 12 13 38 37
11 18 19 31 33 5 4 13 12 49 49
12 17 16 30 30 5 4 10 11 46 43
3 13 23 21 40 40 4 3 15 15 48 42
14 16 20 37 35 6 8 13 12 44 44
15 23 22 37 40 6 7 14 15 46 44

Full factorial analysis includes 10 factors and 102 = 100 factor relations. For all of them the equation has

the form of (1).

The correlation matrix of the factor analysis for assessment of a condition of the environment is given in

table 2.

Table 2. Correlation matrix of the full factorial analysis of plastic signs of leaves of a birch for assessment of a
condition of the environment

The influencing factors Dependent factors (indicators Y ) Sum | Place
X [ [ e e e | | N
Width b’, mm 1 |0,6530(0,81050,82100,1700 |0,0905 |0,6621|0,6639 |0,2740|0,1222 | 5,2672 6
Wwidth b, mm 0,7179| 1 |0,7139|0,9185 |0,2413 |0,4052 | 0,7404 |0,5721|0,4132|0,3913 | 6,1138 2
Length I’ ,mm 0,8058|0,6806| 1 |0,8340|0,2299|0,1746|0,75720,5652 | 0,4036 | 0,2785 | 5,7294 5
Length 1”7 ,mm 0,8175|0,9144|0,8133| 1 |0,3181|0,3546|0,71900,6315 | 0,3420 | 0,4419 | 6,3523 1
Distance 1/, ,mm 0,2712|0,4867|0,3173|0,2346| 1 |0,8960|0,17010,4796 | 0,6639 | 0,4962 | 5,0156 8
Distance 1/ ,mm 0,2776|0,4977 | 0,0818|0,22260,9262| 1 |0,2068|0,5337|0,6369 | 0,5953 | 4,9786 9
Distance I’ ,mm 0,5290|0,7585 | 0,7693 | 0,6791 | 0,4647 |0,3308| 1 |0,7367|0,5290|0,2888 | 6,0859 3
Distance 1”,mm 0,5851|0,7079 | 0,4921 | 0,6560 | 0,5585 | 0,4618 |0,7553| 1 |0,2643|0,4204 | 5,9014 4
Corner &', degree  |0,2573|0,3117|0,3686 | 0,3450 | 0,7079 | 0,6413 | 0,4834 |0,1871| 1 |0,7796 | 5,0819 7
Corner ", degree |0,1405|0,3644|0,2091|0,4233 | 0,4177 | 0,5406 | 0,2787|0,1283(0,7796| 1 |4,2822| 10
Sum Zr, 5,4019 | 6,3749 | 5,5759 | 6,1341 | 5,0343 | 4,8954 | 5,773 |5,4981 | 5,3065 | 4,8142 | 54,8083 -
Place I, 6 1 4 2 8 9 3 5 7 10 - 0,5480
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The coefficient of correlation variation of the ecological set of 15 leaves (5 leaves from 3 trees) is 54,8083
/ 10? = 0,5480. This criterion is used when comparing different sampling sites of birch leaves. In
comparison with table 2, variability in fluctuating asymmetry increased significantly, as 0.5480.

3 Analysis of Binary Relations between Factors

To do this, we exclude monarny relations from the data 1, we leave only binary relations with strong

- has the

factorial relations (table. 3). There are 22 strong binary dependencies left. The formula "eex =
highest strength. The distance between the bases of the first and second veins on the right side of the
leaves most affects the distance between the bases of the first and second veins on the left side of the

leaves.

Table 3. Correlation matrix of strong binary relations of plastic signs of birch leaves under condition r=07
The influencing Dependent factors (indicators Y )
factors X b’ b" | e oo | Loe L. I a' a’
Width b’, mm 0,8105 | 0,8210
Width b", mm 0,7179 0,7139 | 0,9185 0,7404
Length I/, mm 0,8058 0,8340
Length 1”.,mm 0,8175 | 0,9144 | 0,8133 0,7190
. ’
Distance I/, mm 0,8960
Distance |7 ,mm 0,9262
Distance I/ ,mm 0,7585 | 0,7693 0,7367
Distance | ,mm 0,7079 0,7553
Corner o', degree 0,7079 0,7796
Corner " , degree 0,7796

Lo the distance between the bases of the first
and second veins on the right side of the leaves by the distance between the bases of the first and second
veins on the left side of the leaves when measured by the proposed method on 15 leaves in three birches.
e of the influence of the width on the right side of the leaves
on the length of the second vein on the right side of the leaves.

For example, figure 2 shows a graph of the effect of oo >

Figure 3 shows a graph of the result b" —
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16.7 18.1 22.3

Figure 7. Graph of the formula b’ — 17

19.5

N
o
o

On figure 4 - graph of the result Le > b" influence of the length of the second vein on the right side of

the leaves on the width on the right side of the leaves. On a figure 5 shows the graph of the result b —

Locu of the influence of the distance between the bases of the first and second veins on the left side of the

leaves on the distance between the bases of the first and second veins on the right side of the leaves. On

a figure 6 - graph of the result Le — L influence of the length of the second vein on the left side of the

leaves on the length of the second vein on the right side of the leaves. On a figure 7 shows the graph of
b — L effect of width on the left side of leaves on the length of the second vein on the right side of

leaves

4 Comparison of the Proposed Methods with the Prototype

Thus, the comparison shows that the proposed information technology for processing the values of the
same parameters in individual leaves 57 / 22 = 2,59 times stricter than the prototype.
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The correlation coefficient is also 0,7538 / 0.5480 = 1,38 times less, which indicates better variability.
Therefore, it can be concluded that the adoption of the arithmetic mean values of the parameters of birch
leaves up to 100 (10 trees for 10 leaves) is artificial, smoothing the variability of fluctuating asymmetry. In
reality, it is much more variable.

All 22 strong links in table 3 are arranged without the loss of a row and form a geometric pattern. This fact
also points to the application of the principle of individuality, that is, without averaging the results of
environmental measurements.

Write out the formula 22 binary factor strong ties, ranging in table 4 in descending order of correlation

coefficient.
Table 4. Options patterns binary strong ties factors

y =a,x* exp(—agx*) +a,x* exp(-a,x*) _
Ne Correlation
n/n X—>Yy The first component Second component coeffricient

a a, a, a, as ag a, ag

N O I 3,071555 0 0,071176 | 1 | 0,037407 | 0,39827 | 0,36397 1 0,9262
2| b" > 1" | 21690035 0 018129 | 1 | 0,48931 | 0,82839 | 0,079967 | 1 0,9185
30 12 —>b" 0,13005 | 2,26719 | 0,057208 | 1 | 35,24084 0 0 1 0,9144
a | U, -1 0,37763 | 2,21272 | 0,18243 1 0 0 0 1 0,8960
5 . -1 285,55703 0 0,13188 1 0,61588 | 0,94539 | 0,016692 1 0,8340
6 b — 1. 83,922 0 0,10854 | 1 | 0,62999 | 0,88169 | 0,050474 1 0,8210
7 I —b" | 429,19236 0 0,15290 | 1 | 0,25493 | 0,89348 | 0,028748 | 1 0,8175
g | 1 —> 1. 9,96212 0 0,019433 | 1 | 0,74876 | 1,025059 |0,00041489 | 1 0,8133
9| b I, 45,87364 0 0,081235 | 1 | 0,85588 | 0,92382 | 0,029908 | 1 0,8105
10| I, —>Db" | 00097932 | 2,10278 |0,0099842| 1 | 7,62307 0 0 1 0,8058
11| a -»a 5,52381 0 0,0057460 | 1 | 2,68220 | 0,62964 | 0,0054722 | 1 0,7796
2| o ->da 1,99219 0 0,039772 | 1 | 1,065425 | 1,035282 | 0,010853 | 1 0,7796
13 1=, 33,97637 0 0,041107 | 1 | 0,39111 | 0,61879 | 0,15405 1 0,7693
14| 1l > b 0,098318 [3,010187| 0,19554 | 1 | 2,58419 0 0 1 0,7585
5 LI 0,017059 | 3036064 | 0,19256 | 1 | 4,97922 0 0 1 0,7553
16| b"—1 110,10051 0 0,40834 1 0,60848 | 1,01504 |0,00041684 | 1 0,7404
17| L= 427876 | 0,78319 | 0,023133 | 1 | 10,46382 0 0 1 0,7367
18| LI 0,087963 | 2,27808 | 0,058024 | 1 |25,015367 0 0 1 0,7190
19| b"—> 0 125,22754 0 0,16146 | 1 | 0,13403 | 0,73296 | 0,12324 1 0,7179
20| b"— 1, |138011555 0 0,16128 | 1 | 0,75209 | 0,91987 | 0,043949 | 1 0,7139
21| Il —>Db" 0,14397 |3,050669| 0,22213 | 1 0 0 0 1 0,7079
2| o -1, 33,68506 0 0,044599 | 1 0 0 0 1 0,7079

Matrix representation of the model (1) is compact, but for clarity we will write the first three binary

relationships separately in the form of formulas:
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- effect of the distance between the bases of the first and second veins on the right side of the leaves on
the distance between the bases of the first and second veins (Figure 2) on the left side of the leaves

|' =3,071555exp(0,0711761”. )+

OCH

+0,0374071" **%" exp(0,398271" )

; (2)
- effect of width on the right side of the leaves on the length of the second vein (Figure 3) on the right side
of the leaves

I =216,90035exp(0,18129b") +  +0,489310" "% exp(0,079967h") ; 3)

- the effect of the length of the second vein on the right side of the leaves on the width on the right (Figure.
4) side of the leaves

b” = 0,13005I" ***"* exp(~0,057208l" ) — 35,24084 (4)

5 Conclusion

Thus, fluctuating asymmetry can be captured by statistical modelling from a much smaller volume of
measurements. The smallest volume of measurements we recommend 15 (three trees of five different
leaf sizes from different places). This will reduce the volume of measurements 100 / 15 = 7 times.
However, this increases the accuracy of the analysis of fluctuating asymmetry.

The advantage of the proposed method is the technical simplicity of execution, since the equipment
requires only a measuring pair of compasses and surveying protractor with scale division 0,1 mm.
Therefore, the invention can be widely implemented in school environmental clubs, school forestries, and
even kindergartens, as well as in geographical and other expeditions with additional study of the quality
of the territory on the properties of the leaves of the birch trees.
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