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ELECTRICAL ENGINEERING

Modeling multi-layered soil by equivalent uniform and
two-layer soil models in grounding applications

Marinko Baruk¢ié, Nenad N. Cvetkovié, Zeljko Hederié¢, Toni Varga

The soil models are crucial for calculating the performances of the grounding systems in electri-
cal engineering. Usually, some approximations and simplified calculation procedures are used in en-
gineering practice. These procedures are based on the assumption of the uniform soil model. Howev-
er, real soil consists of more layers with different resistivities/conductances and thickness. The proce-
dure of obtaining equivalent uniform and two-layer soil models using an optimization approach and
numerical simulation is presented here. The grounding system used in the simulations is the single
grounding rod as one of the simplest grounding structures. The proposed procedure does not require
approximations and neglecting during calculation of the grounding system performances due to using
the simulation tool based on numerical method. The equivalent soil model determination through the
optimization is performed by using the co-simulation setup between the metaheuristic optimization and

numerical simulation tools.

Keywords — co-simulation, grounding system, optimization, soil modeling.

Introduction

In practice, calculation of the grounding system
performances such are grounding resistance, touch
and step voltages, are usually done according to some
standardized procedure. These procedures are given in
some standards such as IEEE Std 80 [1]. Two main
things have an impact on the grounding system per-
formances the system geometry and soil properties.
The standardized procedures assume uniform soil due
to simplification of the grounding system calculations
in everyday engineering practice. Such approximation
makes easier to perform calculations but decreases
accuracy in real applications. Decreasing accuracy is
due to the fact that the real soil is nonhomogeneous
regarding resistivity/conductivity. The real soil can be
modeled as multi-layered soil. The calculation proce-
dures based on uniform (one-layer) soil give inaccu-
rate results in this case. In the case of nonhomogene-
ous soil, some more complex calculation needs to be
employed [2]. However, to make a usable standard-
ized calculation procedure applicable for uniform and
two-layered soil models in case of multi-layered soil
the equivalent homogenous and two-layered soil mod-
els are proposed in the literature. The different tech-
niques to obtain parameters of the equivalent uniform
and two-layered soil based on measurement data are
used in [1], [3].

In this research, the method for obtaining parame-
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ters of uniform and two-layer soil models is investi-
gated. The method is based on using a numerical cal-
culation of the grounding system by using the simula-
tion tool and metaheuristic optimization method.

Description of the method

Thanks to the development of the computer tech-
niques the simulation tools based on numerical math-
ematics methods (Finite Element Method — FEM,
Finite Difference Method — FDM, Boundary Element
method - BEM ...) are available today for application
in complex electromagnetic field calculations. These
simulation tools have satisfactory accuracy in calcula-
tions of the real systems due to fewer approximations
and neglecting during the model building process.
Based on such features these methods are more and
more used in the area of simulation grounding systems
also. Thanks to such numerical methods the simula-
tion tools for numerical simulation of the electromag-
netic fields are used to analyze the grounding systems
in presence of the multi-layered soil. Such an applica-
tion of the numerical simulation tools can be found in
[4]-[6].

Based on the above given it can be concluded that
the numerical simulation tools give appropriate results
and can be used for modeling multi-layer soil as it is
stated in [4].

The parameters of multi-layer soil can be obtained
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from the measurement as can be seen in [7]. Also,
there is the application of the metaheuristic optimiza-
tion for determining parameters of the equivalent two-
layer and multi-layer soil [6], [7].

The proposed procedure is based on the co-
simulation approach of using FEM simulation and
metaheuristic optimization tools as is presented in
Fig.1.The difference from the existing application of
the metaheuristic application in literature is using the
numerical simulation tool in the optimization process
in the co-simulation setup (Fig. 1) in this research.

Dptlimizatiomn tool
DE in this cage

Humerical simulation teol
FEMM in this case

Co-simulation platform
Python enviromment in this case

e — e
—— e

Fig.1. Used co-simulation setup.

The proposed procedure is performed through the

next steps:

e Obtain simulation results for single grounding
rod in multi-layered soil model using FEM simu-
lation tool (this can be replaced with measured
data obtained some of the method (for example
Wenner approach))

¢ Find parameters of equivalent one and two-layer
soil models by optimization using co-simulation
of the FEM tool and optimization method

e Compare results for more complex grounding
system for “real” soil and its uniform and two-
layer models.

Definition of the optimization problem and
optimization method

The general formulation of the optimization prob-
lem is in the form:

(1)  f(X) » min subject to constraints,

where f'is the problem objective function and X is the
solution vector (decision variables vector).

Objective function

The single grounding rod is used in the simula-
tions. The objective function is formulated as a square
of value differences of simulations for multi-layer and
one/two-layer soil models:

@ @D = R~ Re@) 4 (Vs = Vo)

2
)
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where R, and R, are grounding resistances for multi-
layer model and for the equivalent one/two-layer
model respectively, V,,; and V,; are potential value on
i-th distance from the rod for multi-layer and one/two-
layer models respectively, # is a number of the point
where potential is calculated.

The decision variables are conductances of the soil
layers and thickness of the upper layer in case of the
two-layer model or just conductance in case of the
one-layer model:

. (o, o, h two — layer soil
3= { 1 02 Nq | y o
o one — layer soil

3)

This means that it is a one-dimension and three-
dimension optimization problem in case of the one-
layer and two-layer models respectively

Constraints

Because the optimization problem has no any re-
quired constraints, the bound constraints of decision
variables are only used here. The ranges (between
lower and upper bounds — /b and ub) of each decision
variable are defined by the bound constraint:

“4) Xigp < Xi < Xiyp

Optimization method

Because the objective function is calculated by us-
ing the simulation tools, the metaheuristic optimiza-
tion is used to solve the problem (1)-(3). The Differ-
ential Evolution (DE) as one of the very efficient me-
taheuristics is used here. The details of the used opti-
mization algorithm can be found in [8]. The simula-
tion tool used Finite Element Method (FEM) for cal-
culation of the electromagnetic field is the Finite Ele-
ment Method Magnetics (FEMM) [9].

Numerical examples

The three different designs of experiments are used
to research the proposed procedure. All cases are for
four-layer example of the soil. The first example has
decreasing conductivity and increasing thickness of
the layers depending on the depth. The second exam-
ple has increasing conductivity and increasing thick-
ness of the layers depending on the depth. The third
example has random conductivity and thickness of the
layers. The numerical data for these designs of the
experiments are given in Table 1. The radius of the
rod is 0.05 m, the rod length 7; is 2.2 m and the cur-
rent value is 10 A. All above given numerical data are
arbitrary that is any value can be used in the simula-
tions. The voltage values used in (2) are obtained for
the eighth distances from the rod on the ground sur-
face: on the rod, 0.5, 1, 1.5, 2, 3, 4 and 5 meters. The
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bound constraints (3) used in the simulations are:

5) 0<0,04,00<1 0Z<h <21
Table 1
Overview of the design of experiments (DoE) used in the
simulations
Conductivity Thickness
DoE Layer [S/m] [m]
1 1-2-3-4 0.05-0.04-0.02- | 0.2-0.5-0.8-
0.01 o0
0.01-0.02-0.04- | 0.2-0.5-0.8-
2 1-2-3-4 0.05 -
0.01-0.02-0.06- | 0.8-1.0-0.5-
3 1-2-3-4 0.02 o

The obtained optimal values of the one and two-
layer soil models, as well as the objective function
values (OFv) and the grounding resistances for multi-
layer soil and one/two-layer models are given in
Table 2.

Table 2
Optimization results
One layer: Two-layer:| riie | One- Two.laver
DoE | o[S/m]- | .. %% |layerRg| layer y
OFv [S/m] — h; Q] |Re[Q] Rg [Q]
[m] - OFv
0.26181
0.01866- | 0.01038-
U | Sosan | oos. | 14275 15377 14.188
1.385
0.02839-
0.0404- | 0.05178-
2| 13145 | 1.546. | 7274 | 72611 7.268
0.067
0.03502-
0.02417- | 0.02178-
3 14.761 0.592- 11.655 | 11.871| 11.654
0.236

After the parameters of the equivalent one/two-
layer soil models are obtained through the optimiza-
tion these values are used to calculate quantities for
the length of the rod different than used in the optimi-
zation. Such a simulation can give information about
the applicability of the soil models in a more general
case. The lengths of the rod of 1.2 and 3.2 m are used
for the difference of the rod length of 2.2 m (basic
length) used in the optimization. The results of these
simulations are presented in Fig.3 and 4 for the rod
length lower and higher than basic length respectively.
The grounding resistances for these simulations are
given in Table 3. As can be seen from these results
(Fig.3 and 4 and Table 3) the parameters of the soil
models (one and two-layer) cannot be used in general
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form (for any length of the grounding rod) in case of
the one-layer model.
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Fig.2. Comparison of the potential distribution on the
ground surface for multi-layer soil and equivalent one/two-
layer models for all used DoE — basic rod length.

In the case of the two-layer model the obtained
model parameters give very good results for the case
in which the rod length is higher than one used in the
optimization process.
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Fig.3. Comparison of the potential distribution on the
ground surface for multi-layer soil and equivalent one/two-
layer models for all used DoE — the rod length lower than
one used in the optimization.

This indicates the need to take care of the rod
length in possible practical measurement set to meas-
ure the grounding resistance and the voltage profile.
This can be explained by the fact that the simulation
results highly depend on the rod length.
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Fig.4. Comparison of the potential distribution on the
ground surface for multi-layer soil and equivalent one/two-
layer models for all used DoE — the rod length higher than
one used in the optimization.

The results presented in Table 3 indicate that one
needs to be careful about the length of the rod in pos-
sible practical implementation of the presented proce-
dure. This impact of the rod length on the simulation
result is worth further research.

125



Table 3
The resistance of the grounding rod which length is
different than the one used in the optimization

Rod Multi- | One- E;;(:- Two- Etr;](;r-
)| e |
[%] [%o]
1 16925 |23.862| 41.0 [16.705| -1.30
1.2 2 14.227 |11.021 | -22.5 |14.624 2.79
3 28.489 | 18.422 | -35.3 |16.682| -41.44
1 12.541 |11.538 | -8.00 [12.233| -2.46
3.2 2 5.077 5329 | 496 | 4978 -1.95
3 9.349 8.907 | -4.73 | 9.000 -3.73
Conclusion

The proposed method uses a simulation approach
to find the parameters of the equivalent one and two-
layer models of non-homogenous soil. The model
parameters obtained through the proposed procedure
can be used to apply in the method for calculating the
grounding systems. Further research will be focused
on applying the proposed method on more different
non-homogenous soil examples to confirm using the
proposed procedure in general, independent of the
type of soil non-homogeneities.
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TELECOMMUNICATIONS SCIENCE

Links throughput evaluation
in the telecommunication networks

Seferin Mirtchev

When planning the telecommunication networks it is important to determine the link throughput
to provide quality of service, to prevent network overloading and to avoid bottlenecks. In this paper, a
method for evaluating the link throughput in the modern telecommunications networks with packet
switching based on the classical teletraffic system M/M/1/k is proposed. It is shown the dependence of
the carried traffic from the queue size at a defined loss probability, and the dependence of the carried
traffic from the defined waiting time, normalized to the average service time at a certain probability to
wait more than a defined waiting time and a queue size. The presented graphic dependencies allow at
defined quality of service, namely the probability of packet loss and admissible delays, to determine
the allowable carried traffic of the lines. The determining the link throughput allows for efficient
mechanisms operation of the congestion management in the modern telecommunications networks
with packet switching.

Ouenka Ha RPONYCKAMENHAMA CROCOOHOCM HA JAUHUUmME 6 mMeNeKOMYHUKAYUOHHUMmE
mpedxcu (Cepepun T. Mupues). Ilpu nianupane Ha mereKoMyHUKAYUOHHUME MPEICU e BANCHO 0d ce
onpeoeny nponycKkameIHama cnocoOHOC Ha TuHuume, 3a 0a ce NPedoCmassam KauecmeeHu yCiyeu,
da He ce 0onycKka npemosapsane 8 mpedcama u oa ce uzbseeam mecHume mecma. B mosu doxnao e
NPEeonodcer Memoo 3a OYeHKA HA NPONYCKAMENIHAMA CNOCOOHOC HA JUHUUME 6 CbEPEMEHHUMme
MENeKOMYHUKAYUOHHU — MPEJCU ¢ NAKemHa KOMYMayus HA OCHO6AmMA HA  KIACUYeCKamd
menempaguuna cucmema M/M/1/k. Ilokaszana e 3asucumocmma Ha 0OCHYIHCEHUS MpaAPuKk om
pasmepa Ha onawikama npu 3a040eHd 6epoAMHOCH 3a 3a2y0u, a Cvbwo U 3aA8UCUMOCMMA HA
obcnyoicenuss mpaguk om 3a0a0eHo epeme 34 HaKawe, HOPMUPAHO CHPAMO CPEOHOMO 6peme 3d
obcrysiceane, npu onpeoenieHu 6epoOSMHOCH 0d Ce 4aKa noseye om 3a0a0eHomo epeme u pasmep Ha
onawkama. l[lpedcmasenume epaguynu 3asucumocmu 0a8am b3MONCHOCH NPU 3A0A0EHO KAYeCE0
Ha obcnysceane, a UMEHO BepPOSIMHOCM 3a 3a2y6a HA nakemu u OONYCMUMU 3AKbCHEHUS, 0d ce
onpedenu oonycmumus oodcayicen mpaguxk Ha aunuume. Onpeoenanemo Ha NponyckamenHama
CNOCOOHOCI HA TUHUUME 0ABA 8b3MONCHOCH 3 ePeKmUHa paboma Ha MeXaHusMume 3a ynpasieHue

Ha npemoeapsanusama 6 Cb8peMERHUmMe mejaeKOMyHUKAYUUOHHU MPEIICU C naKemHa KOMymayusl.

1. Introduction

The random processes in the modern packet-
switched telecommunications networks are usually
described by single-channel waiting systems. The
packet switching itself requires the packets to be
stored in memory and then transmitted to the
corresponding output. The behavior of the outputs of
the switches and the routers is described by single-
channel waiting systems with finite queues. The
throughput if the outputs, namely the maximum
carried traffic at a given quality of service, determines
the throughput of the lines connecting the switching
nodes in the network. The throughput depends on the
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capacity of the lines or, in other words, on the
bandwidth. In the core networks is usually accepted a
Poisson arrival flow and an exponential distribution
service time, which simplifies the analysis. This
assumption is accepted at the lines throughput
evaluation in this articlee. When planning the
telecommunications networks, it is important to
determine the throughput of the lines to provide
quality of service, to avoid network congestions and
bottlenecks.

The purpose of this article is to propose a method
for estimating the throughput of the modern packet-
switched telecommunication networks based on the
classical teletraffic system M/M/1/k.
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2. State of the problem in the literature

The teletraffic engineering provides useful tools
for modeling random processes in telecommunications
networks [1]. Usually, the queuing systems models are
widely used in the network planning and in the quality
of service evaluation [2]. The queuing systems are
used to evaluate service quality parameters such as
probability of packet loss, average packet delay, and
throughput.

Formulas for the M/G/1/k system are presented in
[3]. Their results are compared with the formulas for
the M/M/1/k system and with simulation modeling.
The characteristics of the M/G/1/k system are
evaluated and the applicability of the approach for
practical design, optimization and control problems is
demonstrated.

A new analytical model of the IEEE 802.11
network with distributed channel access coordinating
function based on the single-channel waiting system
M/M/1/k is introduced in [4]. The proposed model
makes it possible to evaluate the bandwidth, delays
and loss of frames.

The characteristics of a finite-capacity femto cell
network are evaluated in [5] using the single-channel
waiting system M/M/1/k by the probability of packet
loss, the average packet delays and the usability.

A wireless fully-connected network is investigated
in [6] by load balancing and model nodes via a single-
channel waiting system M/M/1. The traffic
distribution algorithms for wireless full-area networks
are analyzed in [7] using a line model based on the
waiting teletraffic system M/D/1.

The nodes of the wireless fully-connected network
are modeled in [8] as a combination of two single-
channel teletraffic systems M/M/l/k to distinguish
between forwarding and local generated traffic. With
the developed analytical model is evaluated the
throughput and the delays of a clustered FiWi
network.

A single-channel continuous-time M/M/1 system is
analyzed in [9], in which the server operates at two
different speeds. The behavior of a single-channel

A A

system determines the behavior of a fluid buffer,
which allows with this model to describe the process
of shaping of the traffic with two levels in an ATM
network.

The relatively complex single-channel system
M(N)/G/1/k with state dependent arrival intensity,
generally distributed service time and service
interruptions is studied in [10].

3. Single channel waiting system M/M/1/k

We consider the classical single-channel waiting
system M/M/1/k with a Poisson arrival flow,
exponentially distributed service time and limited
queue size [1], [11]. It is described by the following
intensities of arrival and departure

| A=A by i=012..k+I
1 py=u by j=123..k+1"
where: A is the packets arrival intensity;
1 1s the service intensity;
k is the size of the queue.

The state transition diagram of the teletraffic
system M/M/1/k is shown in figure 1.

The state probabilities P; of the investigated system
are obtained by the common solution of the birth and
death processes

J —
2 P - Al(1-4)

e by =012kl

where A is the offered traffic that is equal to the ratio
of the arrival and service intensities.
4. Characteristics of the M/M/1/k system

The carried traffic is equal to the probability that
the system is busy

3) 4,=1-5.

The loss probability by time is equal to the
probability that the queue at the system is full

@) B=F,,.

The average number of packets in the system is

A A

AN

H u

Y7, H

Fig. 1. State transition diagram of the M/M/1/k system.
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determined by the state probabilities
k+1

(5) LZZJP/-

J=1
The average waiting time in the system is
determined by the Little formula
(6) w=L/.

The queue size at given loss probability by time
and offered traffic can be determined by the following
formula obtained from (2)

o k{zn [B/(I-A—A4B) }]'
In (4)

The probability of arrival packets to wait is
determined by the probability that the system is busy
without the probability that the queue is full when the
arrival packets are not served

k
@®) P(1,>0)= Y P;=1-PF,~Py,.
=1

The probability of arrival packets to wait more
than a defined time ¢' in the service discipline of “first
come — first served” is determined as follows

©) Plt,>1)=3 PO(>1 ).
i=1

When a packet enters the system and it is in a state
from / to k, there is a probability that it will wait
longer than the defined time. This will happen when
the number of the finishing service of the packets in
the defined time interval is less than the system state
number. Once the service time is exponentially
distributed and the server is busy for the defined time
interval, the departure process is described by a
Poisson distribution. The probability to have j
finishing services for the defined time interval ¢’ is

rJ
(10) Q/(z')=—(";,) et

The conditional probability that a packet will wait
more than the defined time interval ¢ when the system
isinstate i (/ <i<k)is
(11) 0.1 )= ¥ W e

=0 !

5. Numerical results

This section presents graphically the numerical
results obtained with a computer program. The carried

traffic at a given quality of service is calculated using
the iterative method of splitting.
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The dependence of the carried traffic on the queue
size at a given loss probability is shown in figure 2. It
is seen that with a queue size of less than 15 packets
the throughput is relatively low. In order to have
usability above 90%, the queue size needs to be larger
than 45 packages. The large queue size leads to longer
delays.

The dependence of the carried traffic on the
defined waiting time, normalized to the average
service time, with a given probability of waiting more
than the defined waiting time, queue size k = 100 and
service intensity 4 = I is presented in figure 3. In the
modern IP networks, packets with a length of 500,
1000 and 1500 bytes are usually handled. When we
know the transmission speed of the line, we can easily
calculate the average service time. The admissible
delays for the various services will determine the
normalized waiting time. By using this normalized
waiting time and for the selected low probability of
waiting more than this waiting time, the carried traffic
can be calculated.

It can be seen from figure 3 that when the line
speed and the admissible delay determine the defined
waiting time less than 20 times the average service
time the throughput is relatively low. In order to have
usability above 90%, the defined waiting time must be
greater than 70 times the average service time. The
large values of the defined waiting time lead to greater
throughput and longer delays.

6. Conclusion

The presented method for determining the carried
traffic of the lines at the defined admissible loss
probability and the low probability of waiting more
than a defined waiting time on the basis of the
classical queueing system M/M/1/k enables accurate
sizing of the telecommunication networks and
improvement of the quality of service. The presented
graphical dependencies of the carried traffic on the
queue size and on the defined waiting time enable at a
given quality of service to determine the usability of
the lines. The calculation of the lines throughput
enables the efficient operation of congestion
management mechanisms in modern packet-switched
telecommunication networks.

This paper is reported in the XIII National

conference with international participation
ELECTRONICA, Sofia, Bulgaria, 2016.
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Simulation design of piezoelectric ultrasonic IoT-sensor (PMUT)

Mila Ilieva-Obretenova

Piezoelectric Micromachined Ultrasonic Transducer (PMUT) is a microelectromechanical system
(MEMS). Unlike bulk piezoelectric transducers which use the thickness mode motion of a plate of
piezoelectric ceramic, PMUT are based on the flexural motion of a thin membrane coupled with a thin
piezoelectric film. The paper offers algorithm for simulation design of PMUT sensor with high level of
detail. It is intended for students, professors and designers. The design of experiment (DoE) includes
application of theory for: PMUT, Amplifier, Schmitt-trigger, SR-trigger, sample-and-hold scheme,
analog-to-digital converter, controller and RF-transmitter. The methodology belongs to edge
computing. With the chosen detail level, the algorithm is a good base for design of network element in
lol-environment.

Keywords: DoE, edge computing, loT, MEMS, PMUT

Cumynayus Ha nueszoenexkmpuuen ynmpazeykoe loT-cenzop (Muna Hnueea-Oopemenosa).
Huesoenexmpuunuam  yampaszeykos — muxpooamyux  (PMUT) e  mukpoenekmpomexanuuua
cucmema(MEMS). 3a pasiuka om 2oiemume NuUe30€IeKMPUYHU CEH30PU, KOUMO U3NOA36AM
osudicenuemo om oeberunama Ha naacmunka om nuesoenekmpuuna kepamuxa, PMUT ce ocnosasa na
BLIHOOOPAZHOMO OBUIICEHUE HA MBHKA MeMOpPAana, C8bp3aHad C MBbHBLK NUE30eNeKMPUdeH Quim.
Hacmoswama cmamusi npednaza aneopumvm 3a npoexmupane Ha cumynayus na PMUT-cenzop c
BUCOKA CMener Ha 0emaunu3ayus u npeocmass QyHKYuu 3a npozpamupane Ha KOHMpoaep om GUCOKO
Hueo. Ilpeonasnavuena e 3a cmyoenmu, npenooagameny u npoekmanmu. Ju3atinvm Ha eKcnepumenma
exntouea npunacane Ha meopuume 3a: PMUT, ycunsamen, [Lmum-mpueep, SR-mpucep, cxema
,, Clle0eHe-3anomMusane ,  anano2o80-yudposo npeobpasysane, KOHMPONEp U  PAOUOHECHOMHO
npedagane. Memoodonoeusma npunaonexcu Kom edge computing. C uzbpanama cmenen Ha
oemauuzayus areopumvmMvm e 000pa 0CHO8a 3a NPOeKmupane Ha mMpexcos enemenm 6 cpeoa Ha loT.

Knwuoeu Oymu: oOusailn Ha eKcnepumenm, MUKDOEIeKMPOMEXAHUYNA cucmema, edge

computing, loT, PMUT
. applications. There are no PMUT simulations in recent
Introduction . . .
] ) ] ) ) research, e.g. [2] and [3], or simulations are with low
Piezoelectric Micromachined Ultrasonic

Transducer (PMUT) [1] is a microelectromechanical
system (MEMS). Unlike bulk piezoelectric transducers
which use the thickness mode motion of a plate of
piezoelectric ceramic, PMUT are based on the flexural
motion of a thin membrane coupled with a thin
piezoelectric film. In comparison with bulk
piezoelectric ultrasonic transducers, PMUT can offer
advantages such as increased bandwidth, flexible
geometries, natural acoustic impedance match with
water, reduced voltage requirements, mixing of
different resonant frequencies and potential for
integration with supporting electronic circuits
especially for miniaturized high frequency
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level of detail [4]. The paper offers algorithm for
simulation design of PMUT sensor with high level of
detail. It is intended for students, professors and
designers.

Methodology

Methodology for simulation design is defined from
the working of sensor. Fig.1 shows the working of
PMUT. Pulses with resonant frequency of sensor cause
oscillation and ultrasonic wave, which travels to the
object and back. Returning to the sensor the ultrasonic
wave causes electro pulse, which is processed and gives
information for the distance to the object, e.g. liquid.
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B oMUT Smax 4

Smin v

l fluidDepth_max

fluid
Depth
Fig.1. Working of PMUT.
The design of experiment (DoE) includes

application of theory for: PMUT, Amplifier, Schmitt-
trigger, SR-trigger, sample-and-hold scheme, analog-
to-digital converter, controller and RF-transmitter [4].
The methodology belongs to edge computing. Fig.2
shows test bench for simulation research.

The time-of-flight t begins when the microcontroller
sets the SR-trigger, which begins accumulating charge
on a sample-and-hold integrator. At the same time the
microcontroller produces a series of pulses at the
resonant frequency of the PMUT (122 kHz) and
voltage 2.5 V. The pulse is amplified to 32 V. The
transducer receives these pulses, creating a pressure
wave in the tank that is reflected at the liquid interface.
The reflected wave is received by the PMUT, creating
a voltage signal on the membrane with a peak
amplitude of 500uV. The PMUT signal is amplified

with a gain of 70 dB and feeds a Schmitt-trigger. The
Schmitt-trigger, with built-in hysteresis, resets the SR-
trigger when the reflected amplified signal rises above
the threshold voltage (Vref) of 1.25 V. The trigger reset
the sample-and-hold integrator, which has accumulated
charge on its output capacitor. An ADC before the
microcontroller converts the output voltage of the
integrator Vout to a digital value (number of counts),
that is a linear measure of the time-of-flight. By
subtraction, the number of counts is a linear measure of
the fluid depth inside the tank. Then the liquid depth is
transmitted to server by RF-transmitter.

Results

The results include calculating of simulation.

1. Defining the parameters of test bench:
e Maximum tank high: S,4, = 2.1 [m],
e Minimum distance to liquid: S;,;;, = 0.21 [m],
e Sound velocity in air: V = 343 ["/4],
e ADC bits: ADCpjts = 8,
e ADCrange: ADCrgnge = 2.2 [V],
* Sample-and-hold offset: Vfser = 2x1073 [V].

2. Calculating the slope of sound velocity Vs in

seconds per meter:

(1) Vi =—=2915x10"3 [5/p]

343

VDD

2.5V 122kHz

xmrroxX—-H200

fluidDepth ... ,
| RF-Transmitter r ------------------ >

ncounts
* ADC

500uVv
—

Vref=
1.25v

Schmitt
trigger

- Sample/
R Q Hold

Fig.2. Test bench for simulation research.
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3. Calculating the maximum time for travel to
liquid and backwards:

(2) tmax = 12.243x1073 [s]

4. Calculating the minimum time for travel to
liquid and backwards:

(3) tyin = 1.2243x1073 [s]
5. Calculating the ADC counts:
(4)  ADCoynes = 28 = 256 [counts]
6. Calculating the active ADC counts:
(5)  ADCutiy = 255 [counts]
7. Calculating the counts of flight:

(6) Flycounts = ADCyctip — 1 =
254 [counts]

One count for pulses with frequency 122 kHz is
foreseen.

8. Calculating the factor of time T in seconds
per count:

M T = _fmax  _ _50510~6 [S/count]

Flycounts

9. Calculating the time offset: 1 count

(8) toffset = ].XTf = 50x10_6 [S]

10. Defining the function Time of flight t = f(S)
Time of flight is linear function of the kind y =
ax + b, where
y is the Time of flight in seconds,
a is the slope Vs in seconds per meter,
x is the distance S form sensor to liquid in meter and
b is the time for pulse feed with frequency 122 kHz

toffset-
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Therefore
(9) t = VSxeS + toffset-

The sonic wave travels the distance from sensor to

liquid and backwards: x = 2xS. Function Time of
flight has the following analytical form:

(10) t=5.83x10"3xS + 50x107° [s]

11. Calculating the maximum time of flight:
(11)  tpax = 12.293x1073 [s]
12. Calculating the minimum time of flight:

(12)  tpin = 1.2743x1073 [s]

Fig.3. shows the function t = f(S).

12.293x10"

1.27x10°3

50x10°6

> S [m]

Fig.3. The function t=f(S).

13. Calculating the ADC factor in volts per count:

= 2DCrange _
(13) ADCfactoT - ADCcounts Bl

=8.59375x1073 [V/ . punt]
14. Calculating of ADC scale in counts per volt:

ADC,
(14) AD Cscale — counts —
ADCrange

=~117 [countS/V]

15. Calculating the voltage slope in volts per
second:
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(15)  VoltageSlope = m _
f

=171.875[V/]

16. Calculating the output voltage:
The output voltage is a linear function of Time of

flighty = ax + b,
where

y is the output voltage V¢,

a is the voltage slope in volts per second,

x is Time of flight in seconds,

b is the intercept voltage in sample-and-hold
scheme Vs fet-

The output voltage V,,,,+ has the following analytical
form in volts:

(16)  Vour = VoltageSlope x t — Virsser [V]

17. Calculating the maximum output voltage

Vout,max:
(17) Vout,max =2111[V]

18. Calculating the minimum output voltage

Vout,min:
(18) Vout,min = 0.217 [V]

Fig.4 shows the function V. = f(t) with
minimum and maximum output voltage.

19. Calculating the ADC counts, responsible for
output voltage:

(19) ncounts = Vyy;: xADCgpqie [counts]
20. Calculating the maximum ADC counts:

(20) ncounts;q, = ~247 [counts]

“E+E”, vol.54, 7-8/2019

Vout [V]
2.111

0.217

2x10°3

>t [s]
12.293x10°3

Fig.4. The function Ve = f(t) with minimum and
maximum output voltage.

21. Calculating the minimum ADC counts:
(21) ncounts,,, = ~26 [counts]

Fig.5 shows the function ncounts = f(t) with
minimum and maximum ADC counts.

ncounts [counts]

r

247

26

>t [s]

1.27x10°3 12.293x10°3

Fig.5. Function ncounts=f(t) with minimum and maximum
ADC counts

22. Calculating the distance factor in meters per
count:

(22)  factor = _Smax

ncountsSmax

= 8.5x1073["/ .o mt]

Fig.6 shows the function ncounts = f(S§).
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ncounts [counts]

A

247

26

0.21 2.1 S [m]
1.89 0 fluidDepth [m]

Fig.6. The function ncounts=f{S).

23. Calculating the fluid depth in meters:
(23)  fluidDepth =

= Spmax — ncounts x factor =

Smax
= Spmax — ncounts x ————— =
ncountsS,, g
S (1 ncounts )
max NCOUNES, gy

Fig.7 shows the function fluidDepth =
f (ncounts).

fluidDepth [m]
Smax

1.89|—

, hcounts

26 247 [counts]

Fig.7. The function fluidDepth=f{(ncounts).
24. Calculating the fluidDepth in percent:
(24)  fluidDepth = S,,,,(100% — S%) [%]

Fig.8 shows the function fluidDepth = f(S%).
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fluidDepth [%]
Smax p

0= —

» S [%]

10 100

Fig.8. The function fluidDepth=1(S%)

25. Controller programming

The controller programming must match exactly the
simulation design and include periodically conversion
of output voltage (ncounts) in fluid Depth, monitoring
of fluid level and reporting of any significant changes.
For the periodically calculation of fluid depth the
following program is represented:

real fluidDepth (int ncounts) {
real Smax;
real Smin;
int SoundVelocity;
int ADCbits;
real ADCrange;
real Voffset;

/* model for piezoelectric pressure sensor:
VelositySlope = 1/SoundVelocity
TimeMax = VelocitySlope*2*Smax
TimeMin = VelocitySlope*2*Smin
ADCcounts = 2*ADCbit
ADCactiv=ADCcounts - 1
FlyCounts = ADCactiv—1
Tf = TimeMax / FlyCounts
toffset = 1* Tf
Tflight = VelocitySlope*2*S + toffset
TflightMax = VelocitySlope*2*Smax +

toffset
TflightMin = VelocitySlope*2*Smin +
toffset
ADCfactor = ADCrange / ADCcounts
ADCscale = ADCcounts / ADCrange
VoltageSlope = ADCfactor / Tf
Vout = VoltageSlope*Tflight — Voffset
VoutMax = VoltageSlope*TflightMax —
Voffset
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VoutMin = VoltageSlope*TflightMin -
Voffset
ncounts = Vout*ADCscale
ncountsMax = VoutMax*ADCscale
ncountsMin = VoutMin*ADCscale
factor = Smax / ncountsMax
*/

return Smax — ncounts*factor;

Conclusions

The paper represents an algorithm for simulation
design of piezoelectric ultrasonic IoT-sensor (PMUT).
Requirements of designers and service developers are
considered. The paper contributions are the following:

1. Steps of algorithm for simulation design of
piezoelectric ultrasonic sensor (PMUT) are
defined with high level of detail.

2. With the aim of verification, the algorithm is
illustrated with sensor for liquid level
measurement.

3. Integration of both areas is demonstrated —
simulation design and controller programming
— by interaction of steps of both levels.

4. Reusable steps are developed — on the same
level — for simulation of different kinds of
sensors (e.g. parking sensors) or for
management of different functional elements
(PMUT, sample-and-hold scheme, ADC);
between both levels — for simulation
calculating and for controller programming.

Future work could be considered in following
aspects:
1. Sensor adaptation for working with different
aim: e.g. sensor for parking;
2. Controller programming in other functional
areas (security, maintenance, performance,
accounting);

“E+E”, vol.54, 7-8/2019

3. Modeling of sensor communications and tis
consideration as network element.
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Academic writing and integration of technology

Maria Todorova, Elena Koleva

Communication in a foreign language is already becoming a daily routine for many, personally,
professionally and academically. Professional realization requires skills for writing documents such
as biographies, cover letters, and correspondence, while in academic growth genres such as formal
and informal communication, academic essay, article, abstract, and more are present.

Modern students are expected to take an active part in the classes, to read and process scientific
literature, to prepare and present abstracts, to write coursework, to participate in poster sessions and
conferences, i.e. they are presumed to have the necessary competences (linguistic and textual). But at
university, in a real-world setting, students are confronted with a "foreign" language for many of them
- a scientific language whose norms are only partially learned in high school and at the same time
these scientific texts are in a foreign language - mainly English.

Keywords - Academic Writing, Blended Learning, Teaching English with Technology,
Competence Approach

Akademuuno nucane u unmezpupaune Ha mexuonozuume (Mapusa Tooopoea, Enena Konesa).
Obwysanemo Ha 4ydco e3ux eeye e exnceOHedue 3a MHO3UHA 8 TUYeH, NPODEeCUoOHaNeH U aKadeMuyeH
nian. Ilpogecuonannama peanusayus u3UCK8A YMeHUs 34 Cb30déaHe HA OOKYMEHmU Kamo
buocpaguy, MOMUEAYUOHHU NUCMA U KOPECNOHOeHYus, O0OKaAmo 6 aKa0eMUiyHOmo U3pacmeaHe
NPUCHCMBATN JCAHPOBE KAMO (OPMATHA U HEeDOPMATHA KOMYHUKAYUS, AKAOEMUYHO ece, CMAmusl,
pesiome u Opyeu.

Ouaxea ce cvepemenHume cmyOeHmu 0a 3eMam aKmugHoO yuacmue 8 3aHAMmuAma, 0a vemam u
obpabomeam uayuna aumepamypa, 0a nOO20Mesm U npeocmassm pegepamu, 0a RUWAM KYPCOBU
pabomu, oa yuacmeam 6 NOCMepHU cecuu U KOoHpepenyuu, m.e. npuema ce, ye me NpumeiCcagam
HeobXoOoumume 3a YCHNEWHO cled8ane KOMnemeHmHocmu (e3ukoéa u mekcmosa). Ho @
VHUBepCUmemad, 6 peainama ywebna cpeda cmyoenmume ce cOIbCKeAm ¢ ,,uyxHco‘ 3a 2oaama yacm
om MAX e3UK — HAYYHUA e3UK, YUUMO HOPMU Ca YC80EHU CAMO OMHACMU 8 CPEeOHOMO yuuauuje, a
CHUEBPEeMEHHO me3U HAYUHU MEeKCMOo8e Cd HA YYHCO e3UK — OCHOBHO HA AH2AULICKU e3UK.

Knrouoseu oymu - Akademuuno nucane, cmMeceHo od0yyeHue, npenooasane Ha AHZIUICKU e3UK ¢

mexHojiocuu, Komnemenmuocmu nooxoo

Introduction - competence approach

The pursuit of being relevant to current trends
implies the transition of education from qualification
to a competence approach.

The trend toward competence-oriented education is
no longer only European but also global [1]. Since its
emergence in the 1960s up to the present, the concept
of "competence" has been widely interpreted and has
been the subject of serious and in-depth research in
various scientific fields. The individual's ability to
present oneself effectively in different situations and
contexts is linked to a dynamic complex of
knowledge, skills, attitudes, values, and behavior.
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Prof. K. Dimchev argues for a reorientation from a
knowledge-centered approach to a competence
approach [2]. This new, modern concept shifts the
priority from factual knowledge to competence. This
is an approach that focuses on educational outcomes,
i.e. for a competence approach in language learning as
well, which is expressed in the ability to respond and
act in a variety of communicative situations.

The purpose of this article is to present the
practical application of ICT for academic writing at
UCTM. Modern students have grown up with
technology but in order to be successful in the
network environment of the network society, students
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need to be able to control their learning, adjust and
interpret information according to their personal
needs. The application of ICT for academic purposes
gives the learner a chance to become a more
autonomous, motivated and responsible individual.
This article is an attempt to explain how using
different tools of ICT can help academic writing to be
more effective for the students.

Communicative competence and interactive
training

Numerous studies confirm the need for interactive
methods to be used in the implementation of
competence-oriented training.

Mixing (Internet) technology in teaching is usually
applied to a course where all students meet with a
teacher in a classroom in attendance, but the course
includes a parallel component for self-study, e.g.,
access to Internet-based materials. The technology of
blending attendance and e-learning shows that if there
is a connection between the content of the lesson and
the e-learning materials involved, it will create
enthusiasm among the learners. In blended learning,
students can use their electronic devices even during
attendance classes to successfully use Internet
resources according to their needs. It is no
exaggeration to say that blended learning can make
the most of the attendance class as well as the internet
technologies that can motivate students by introducing
authentic classroom materials. However, the success
of mixing involves the choice of technology and
materials suitable for the course being taught.

The competence approach and interactive learning
are complementary and when integrated, the required
educational results are achieved. This co-operation
promotes learning  activities, "enhances the
characteristics related to emotional intelligence" as
part of professional competence, "develops thinking
and promotes self-regulation of personality” [3]. In the
context of language training, we are to discuss
communicative competence. According to [4], the
scope of communicative competence implies that not
only the language code is essential but also what can
be said, to whom; how to construct and how to
interpret the discourse according to social roles and
situations, knowledge and value orientations in
communication or speech [4].

In sum, communicative competence and its
constituent competencies can be represented as shown
in Fig.1.

Linguistic competence means the ability to
construct grammatically correct forms and syntactic
constructions, as well as to understand semantic parts
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of speech organized in accordance with existing rules
in language and to use them in the sense in which they
are used by the native speakers of the language.
Linguistic competence or language competence is a
major component of communicative competence.
Without the knowledge of words and rules for the
formation of grammatical forms and structuring of
meaningful phrases, no verbal communication is
possible.

Fig. 1. Schematic representation of communicative
competence [5].

Sociolinguistic competence is a prerequisite for
successful social realization. It is the ability to choose
the right linguistic form depending on the
communicative act: the situation, the communicative
purpose, and intention of the speaker, the social and
functional role of the participants in the
communication.

Socio-cultural competence means awareness and
knowledge of the national-cultural specificity of
speech  behavior of native speakers. Social
competence is the willingness and ability to
communicate with others. They are both represented
as actional competence by [5].

Strategic competence is the ability and strategies to
make up for some lack of language skills, as well as
lack of speech and social experience.

Discourse competence refers to the ability to use
certain strategies for the perception and construction
of oral and written speech products (discourses),
characterized by cohesion and coherence. These
discourses are subject to the requirements of different
genre forms. Discourse competence is the ability to:
(1) to perceive information in discourse; (2) to create
discourse.

Thus the construct in Fig.1. deliberately makes the
discourse component central, i.e., places it where the
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lexicogrammatical building blocks, the actional organ-
izing skills of communicative intent, and the sociolin-
guistic context all come together and shape the dis-
course, which, in turn, also shapes each of them [5].

These five types of competences have separate
dimensions, but they are part of a whole and it is
communicative competence. As van Ek [6] calls them,
they are "different aspects of the same concept.”
Undoubtedly, each of them has a connection with the
rest. The central one is discourse competence, which
is at the center of our investigation.

Knowledge of the language or linguistic
competence is not sufficient to "understand and
construct texts". Therefore, textual competence or
discourse competence is not 'linguistic competence
but competence to use language in a specific way”.
The focus of our research is "textual competence",
that is, the ability to read, understand, reflect,
reproduce/reproduce and produce/produce  texts
according to their characteristics. Textual competence,
in turn, forms the basis for the acquisition of scientific
textual competence, which is an important prerequisite
for successful academic study. Scientific textual
competence is defined as the competence to use the
language, i.e. as "competence in the use of cross-
domain but also domain-specific" language [7]. In this
sense, it 1is about mastering domain-specific
expressions and constructions in order to read and
create texts successfully.

Academic writing

Although students have some experience of
working with different text genres at school, the
acquired text competencies are not sufficient to satisfy
the requirements of the university. Many students find
it difficult to take notes during lectures and seminars
in a structured and clear manner, to participate in
discussions, to read, understand and analyze/interpret
specialized texts, to reflect on the reading and to
process it.

Academic writing is completely different from
writing in high school. It is equal to the acquisition of
successful writing skills in the process of academic
communication. The purpose of academic writing is to
develop and improve the skills of students/doctoral
students from different specializations and faculties
for writing and editing texts of posters, reports,
articles, diploma papers, dissertations, presentations,
essays, etc. in Bulgarian and foreign languages.

The most common form of academic writing is
essay writing. Essay writing requires the effective use
of the language - appropriate vocabulary, adequate
knowledge, good grammatical knowledge, as well as
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the requirements for correct writing together with the
appropriate writing format. A basic requirement for
enhancing written communication skills is improving
the ability to read and understand texts. Specialized
literature (up-to-date articles) and databases are
increasingly available.

However, what usually happens in practice is that
essay writing skills are limited to routine topics and
most of them are repeated annually. Students are able
to guess the main or frequent topics, and in most
cases, they are even instructed by their teachers to
memorize some important topics or materials. This
helps students remember the basics and get good
grades in exams. However, their writing skills never
really develop. This practice hinders students' ability
to express their thoughts in writing effectively. It also
damages their confidence when they cannot write
what they have already learned or show the
knowledge they possess. Teachers need to convey
these strategies that help students improve their
writing skills to express their ideas the way they think.

One of the main goals of learning a foreign
language for academic purposes is to develop the
ability to read and understand academic texts.
Different types of reading are distinguished depending
on the purpose of the activity. From a methodological
point of view, it is essential to note the distinction
between in-depth reading, also called detailed reading,
in which all the information in the text is important to
the reader, and selective, also called searching,
scanning, orientation, or non-deep reading, ie., reading
which helps the student find a certain piece of
information in the text.

Selective reading, which is characteristic of
reading electronic texts, should play a leading role in
the early stages of language learning when the
language is not yet sufficiently proficient. With a
higher level of proficiency as vocabulary and reading
skills increase, profound reading provides better
learning opportunities.

The second major objective of academic language
training is to build and foster the ability to write. In
English literature, the term academic writing
encompasses the ability to create adequate texts in a
variety of academic genres: from emails to a teacher
or colleague, to the writing of a dissertation and a
thesis.

The integration of modern technologies into
foreign language learning as a result of the current
trends in education is also reflected in their integration
in academic writing [8] (as a subfield of foreign
language training). Creating an academic text is a non-
linear process that is usually described as consisting of
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the following stages: idea generation, structuring,
drafting, concretization, and evaluation [9]. The
academic essay using the wide possibilities of the
essay as a genre is both a tool to develop and evaluate
the textual competence of the students and thus
prepares them for writing the more serious research
work and a larger volume of academic texts that
students themselves have to create in their learning
process.

For the purpose of the current investigation,
students were taught to and were expected to:

* be able to identify the problem contained in the
topic;

* be able to take a position on the issue;

* be able to express this position as a clearly and
accurately formulated thesis;

* be able to defend this thesis in a reasonable
manner by presenting a sufficient number of
convincing arguments;

* be able to create a meaningful, coherent,
argumentative text to show that they are proficient in
the rules and capabilities of the language.

Similar investigations can be found in [10,11].

Methodology

The study of skills building and the use of
strategies for writing and correcting academic text
using ICT has been done with the help of a specially
adapted questionnaire containing 29 questions
(Appendix 1). 13 students took part in the
investigation of their discourse competence skills.

In order to complete the survey, respondents use a
five-step assessment scale: Yes; Rather yes; Neither
Yes or No; Rather not; No. In the inquiry, 13 valid
questionnaires were collected for the purpose of the
report. The assessment values are estimated according
to the score correspondence table (Table 1).

Table 1
Score correspondence table
Rather | Neither Yes, | Rather
Answer |Yes Ves nor No No No
Score 5 4 3 2 1

The stages of this study are:

1. Asking students to write an essay on a topic
based on their background knowledge and school
education. Analysis of their mistakes - structural,
grammatical, lexical and other gaps. A further
acquaintance of the students with the database, current
articles and vocabulary in the field of their
specialization with the help of ICT (scientific textual
competence) and writing of 2 essays; (distance, self-
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directed learning, tailored to individual
psychophysiological  conditions).  Analysis and
feedback on their mistakes - structural, grammatical,
lexical, etc. gaps (language competence).

2. Introduction to strategies for improving
academic writing and ICT use.

3. Rewriting an essay on a topic in their field of
study (Organic Synthesis) and evaluation according to
predefined criteria after familiarizing themselves with
specialized dictionaries, a minimum of 3 articles in
their scientific field and strategies for academic
writing.

4. Comparisons and statistical data processing.

Table 2
Results from the survey before and after the course,
correlation coefficients

x; Vi r Sign.
ql 3.0769 4 0.4279 | no
q2 3.6923 4 0.6967 | yes
q3 3.7692 4.3077 0.6233 | yes
q4 3.8462 4.2308 0.7841 | yes
q5 3.3846 4.0769 0.8022 | yes
q6 3.4615 4.2308 0.7359 | yes
q7 4.384615 | 4.769231 0.433 | no
q8 4| 4461538 0.7868 | yes
q9 3.769231 | 4.307692 0.5471 | no

3.538462 | 0.4726 | no
3461538 | 0.6947 | yes
3.923077 | 0.7305 | yes
ql3 | 3.538462 | 4.307692 | 0.2166 | no
ql4 | 3.384615 | 4.076923 | 0.7554 | yes
ql5 | 3.461538 4| 05578 | yes
ql6 | 3.769231 | 4384615 | 0.2282 | no
ql7 | 4.076923 | 4.384615 | 0.6857 | yes

ql0 | 2.692308
qll | 2.769231
ql2 | 3.307692

ql8 | 3.615385 4| 03138 | no
q19 | 3.692308 | 4.076923 | 0.8108 | yes
q20 | 3.538462 4] 0.8229 | yes

q21 | 3.153846
q22 | 3.615385
q23 | 3.615385
q24 | 3.923077
q25 | 3.153846
q26 | 3.307692
q27 | 3.153846
q28 | 3.230769
q29 | 3.538462

3.615385 | 0.9363 | yes
4.153846 |  0.9021 | yes
4230769 |  0.8199 | yes
4230769 |  0.8484 | yes
3.692308 | 0.6396 | yes
3.923077 | 0.7455 | yes
3.846154 | 0.6207 | yes
3.846154 |  0.6832 | yes
4.153846 |  0.8733 | yes
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Analysis of the results of the survey before and
after the course

The results being discussed (Table 2) are from the
initial analysis of the survey, consisting of 29
questions named “Self-assessment of English writing
skills” (Appendix 1).

The means of the estimated assessment levels for all
students before and after the training are presented by X;
and y;. The correlation coefficient r is estimated by:

Z(xi =X —¥)
_ i=l

Xy

(n—=1s,s, ’
where s, and s, are the corresponding standard
deviations.

The correlation coefficients are tested for
significance, by applying the t-test and criterion. Two
classifications are considered here — by the difference
of the means before and after the training (Fig.2) as
well as by the correlation coefficient. These two
classifications give a different point of view for the
estimated skills.
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= N NN D - M InNN O MmN O
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Fig. 2. Difference in mean assessment evaluation before
and after the training for each skill (q,-q29).

ml

m2

m4

m5

Fig. 3. Classification by the difference of the means before
and after the training: 1 (q17, q24, q2, q4, q7, q18, q19):
0.3-0.399; 2 (q21, q8, q20, q15, q25, q9, q22, ¢3): 0.4-
0.599; 3 (q12, q26, q28, q16, q23, q29, q5, q14, q27, q11):
0.6-0.699; 4 (q13, q6, q10): 0.7-0.899; 5 (q1): 0.9-1.00.

The first classification gives an idea about the
overall mean improvement for each skill for all the
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students. There is an improvement in all skills. The
smallest is for q17 and is 0.3077 and the biggest is for
ql - 0.9231. All results are presented in Fig. 3.

The second classification by the correlation
coefficient (Fig.4), calculated for each skill and
considering the evaluation result for each student
before and after the training, gives an idea about the
individual  improvement of each  student,
independently of his/her initial level of knowledge. A
higher correlation coefficient means that more (or all)
students showed an improved level of knowledge after
training connected with the considered skill. So, the
training was flexible and beneficial. On the contrary,
if the correlation coefficient is low, some students
may have improved the given skill but others did not
show improvement; or the improvement of some of
the students was too big compared to the other
students. That is why such skills should be considered
to be improved by more interesting and/or distributed
according the students’ capabilities tasks.

ml

m2

m4

m5

Fig. 4. Classification by the correlation coefficients of
individual assessments before and after the training. 1
(q13, q16, q18, ql, q7, q10, q9, q15): below 0.599; 2 (q27,
q3, 25, q28, q17, ql1, q2): 0.6-0.699; 3 (q12, q6, q26,
ql4, q4, ¢8): 0.7-0.799; 4 (q5, q19, q23, q20, q24, q29):
0.8-0.899; 5 (q22, q21): 0.9-1.00.

1) Questions 21 and 22 are the questions with the
highest correlation coefficient > 0.9. These are
questions about worrying about writing an academic
essay. Most students realize that writing an essay is
not that complicated after learning about the format
and writing strategies. It is just a task that needs to be
accomplished to show their knowledge and attitude on
a topic by wusing appropriate language and
conventions.

2) For questions 5, 19, 20, 23, 24 and 29, the
correlation coefficient is above 0.8. These are
questions concerning the use of appropriate
vocabulary - we take into account the improvement of
students' self-esteem after reading texts purposefully
in their scientific field and expressing attitude on a
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topic in their scientific field. Students also declare that
after taking the course it is not so difficult for them to
edit what they have written, generate ideas, and use
word processing programs.

3) For questions 4, 6, 8, 12 and 26, the coefficient
is above 0.7. These are questions that take into
account their real writing skills, namely writing
paragraphs and organizing ideas within them; use of
different sentences and writing styles; writing a
summary of the information read; writing an
introduction to an academic essay; knowledge of the
format of the academic essay. Most of the investigated
students improved these skills.

There are also results like that for skill ql, which
show big improvement toward the difference of means
and small correlation (Fig. 5). This result shows that
there were students, who significantly improved their
skills while others could not. The reasons for this
should be further investigated.

y(q1) n=13
LS .
475 |
45
425 |
4 e . +d
375 f
35 |
3.25 |
3t . * . s x (1) |
1.00 1.60 2.20 2.80 3.40 4.00
Xa=3.0769; Ya=4.0000; r=0.4279
Y= 3.44+ 0.18X

Fig. 5. Individual results for skill g1 — before and after the
training. Numbers show repeated results from different
students.

Conclusions

The results of the survey can be summarized as
follows:

1. Reducing grammatical, structural and lexical
errors by individually tracking the gaps of the students
enhances their linguistic competence, which is the
basis for building textual competence.

2. Access to authentic and up-to-date materials in a
foreign language (English) through the use of ICTs
and databases that are beyond the content of a course
helps to better understand and use different concepts
and content in the specific scientific field of the
students for a shorter period of time and more
effectively (developing textual competence by
purposefully keeping notes on current articles and
enriching their vocabulary according to their needs).

3. Developing critical thinking in the process of
writing that professionals describe as a combination of
cognitive skills related to 1) interpretation, 2) analysis,
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3) evaluation, 4) formulation of conclusions, 5)
explanation and 6) self-regulation.

4. The course in Academic writing was beneficial
and useful for students as it was expected but on an
individual level, the results showed that the more
prepared students took far more advantage of the
course.

5. The academic essay using the wide possibilities
of the essay as a genre is both a tool to develop and
evaluate students’ textual competence.

At the heart of the current debate on improving the
quality of education is the issue of the acquisition of
competences, which are essential both during the
studies and for the professional realization.
Scientific textual competence is one of the key
competences in the academic field. Needless to say
that (scientific) textual competence (for which
linguistic competence is essential) can only be
developed through intensive study of different types
of text, which, on the one hand, makes it possible to
become familiar with existing conventions and on the
other encourages the acquisition of a science-specific
vocabulary.

Scientific textual competence is one of the most
important competences in the academic field. It plays
an essential role in achieving success in university
education and later for successful professional
realization. Since the technology was integrated into
the field of education, the approaches and
methodology in teaching have changed rapidly. This
article is an attempt to explain how using different
tools of ICT can help academic writing to be more
effective for the students.
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Appendix 1

Self-assessment of academic English writing skills

IQue stions:

Before the course | After the course

1. I am familiar with academic writing - genres, style, register.

I 2|3 45 p R BAaKPp

2. I am able to write introductory sentences that fit the topic. 1 R |3 4 1 P2 34 5
3. I can logically organize my ideas when writing a new paragraph. I 2|13 45 p 2 34 5
4.1 can logically support and develop my ideas when I write a new paragraph. I 2 (3 @4 |5 | 2 3 5
5.1 can use the right vocabulary to communicate effectively with the reader. I 2|3 45 p R 34 5
6. I can use different sentence structures. 1 23 4ps5 Q1 R 3 5
7. 1 can use proper spelling, capital letters and punctuation. I R |3 45 p R 34 5

8. It is not difficult for me to make a summary of the information I have read in

familiar with the principles of writing.

English
9. It is not difficult for me to paraphrase the information [ have read in English. J1 2 [3 @4 |5 I 2 3 5
10. I can write a good academic research paper in my field of study because I am L bls bk b b 3l s

command of English and a rich vocabulary in the field.

11. I can write a good academic scholarly article in my field as I have a good

12. I can write a good introduction to an essay in English.

13. I can use logical paragraph ordering to support and develop my thesis. 1 R (3 @45 1 R 34 5

reflections and examples from my own experience.

14. 1t is not difficult for me to logically support and develop the thesis with

and quotes.

15. 1 can logically support and develop my thesis with paraphrases, summaries

that supports my ideas.

16. If necessary, I can successfully conduct a library survey to find information
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IQuestions: Before the course | After the course

17. If necessary, | can successfully use search engines and resources to find
information to support my ideas.

18. I can write a good conclusion to an academic essay. I 2|3 45 p 2 34 5
19. I can use a word processor to write and format my essays in English. 1 R (3 @45 1 R 34 5
20. It is not difficult for me to generate ideas before I write. I 2|3 45 p 2 34 5

21. I make notes when reading articles in my field of science in order to use
them to support my writing ideas later.

22.1 can logically organize my ideas before I start writing. I 2|3 45 p R 34 5

23. It is not difficult for me to edit and improve my own writing, to improve its
structure and organization.

24. Tt is not difficult for me to edit what I write in order to improve text,
grammar, punctuation and spelling.

25. 1 can write effectively with time limits. 1 (3 4B 1 Q2 3 5

26. I can handle writing tasks quickly because I am familiar with their format. |1 2 |3 @4 |5 I 2 34 5

27. 1 can identify the problems in my writing assignment and figure out what
needs to improve after writing the draft.

28. I am familiar with and can use appropriate strategies when writing. I 2|3 45 p 2 3 5

29. When writing an academic essay, I rely on my own thinking and
resourcefulness.
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EJJEKTPOTEXHUKA U EJIEKTPOHUKA E+E

54 ron. 7-8/2019
HayuHo-TexHHUECKO CITUCaHnE

N3pnanne Ha: Ch103a MO eJIEKTPOHUKA, eJIeKTPpoTexHnKa U cboOmennst /CEEC/

Inasen pedaxmop:
IIpo¢. nta UBan Sues, brarapus

3am. en. pedaxmop.
IIpo¢. nta Cedepun Mupues, brirapus

Peoaxyuonna xonezus:

[pod. n-p Anatonuit Anexcanapos, beiarapus
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SIELA 2020 Highlights:

«shows the latest developments
einnovative applications

«electrical apparatus and technologies
*low-voltage apparatus

« high-voltage apparatus

e actuators and sensors

e power electronics

transformers, electrical machines
«field problems, design and optimisation
«organized by CEEC

technically co-sponsored by I[EEE
elargest apparatus forum in Bulgaria
«over 120 participants





