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A Sponge-Based Cryptographic Hash Function with Set of Internal
Functions

Ruslan M. Ospanov, Yerzhan N.Seitkulov, Ainur Zheptisbayeva
L.N. Gumilyov Eurasian National University
ospanovrm@gmail.com

Abstract: The cryptographic hash function, as a cryptographic primitive, is the
basis for creating effective tools of cryptographic protection of information to ensure
information security in various information systems. Currently, the "Sponge"
scheme is the most successful and promising way to build modern cryptographic
hash functions. The purpose of this article is to build an example of a cryptographic
hash function based on the “Sponge” scheme. The main and important component
of the “Sponge " scheme is the internal function, which is a fixed-length
transformation or permutation that operates with a fixed number of bits that make
up the internal state of the function. The classic "Sponge" scheme and most of its
modifications assume only one internal function. In this paper, we consider a
modification of the “Sponge" scheme, which involves the use of a set of internal
functions. The choice of one of the many internal functions is performed using the
selection function. In this paper, we consider the implementation of the function of
selecting an internal function from a given set for the modified scheme. The
selection function is constructed for the case when the scheme specifies a set of
three internal functions. Similarly, we can construct a selection function for the case
of more than three internal functions using a cascade of demultiplexers. And finally,
we consider an example of a modified sponge-based hash algorithm that specifies
a set of internal functions.

Keywords: Cryptographic hash function, Scheme, Sponge, Internal function,
Modification.

1. Introduction

A cryptographic hash function belongs to main and basic cryptographic primitives, such
as symmetric block ciphers, stream ciphers, pseudorandom number generation, etc. It
is the basis for creating effective tools of cryptographic protection of information to
ensure information security in various information systems. Cryptographic hash
functions are used in a huge number of applications, protocols, and schemes, such as
password protection, digital signatures, message authentication, cipher text validation,
proof of knowledge, pseudorandom number generators, key derivation functions, and
others.

Currently, the most popular and promising scheme for constructing cryptographic hash
functions is the “Sponge" scheme ("cryptographic sponge”) (Bertoni, Daemen,
Peeters, Van Assche, 2007), (Bertoni, Daemen, Peeters, Van Assche, 2011). The
"Sponge" scheme is a simple iterative scheme for constructing a cryptographic hash
function based on some internal function f, which is a fixed-length transformation or
permutation that operates with a fixed number of b bits that make up the so-called
internal state S. And b =r + c. The value of r is called the bitrate, and the value of c is
called the capacity. The internal state of S is first initialized to some fixed value. Then,
after the corresponding padding and division of the message into r-bit fragments, all
the r-bit fragments of the message are simply and iteratively processed by bitwise
adding them to the r bits of the internal state, and then applying the b-bit function f.
After all message blocks are processed by this "absorbing" process, r bits of the final
hash value are sequentially output by extracting r bits from the internal state and then

10
TURK-COSE 2021 | Book of Proceedings



lil. International Turkic World Congress on Science and Engineering
14-15 June 2021, Nigde - Turkey

applying the function f to it (the "squeezing" process). In this paper, we consider a
modification of the “Sponge” scheme, which involves the use of a set of internal
functions. According to this scheme, from a given set of internal functions, the internal
function is selected using the selection function. We consider an example of a hash
algorithm based on the modified scheme.

2. Modified “Sponge” scheme

To date, several dozen algorithms have been developed in the world according to the
“Sponge” scheme of constructing the cryptographic hash function, as well as various
modifications of the scheme have been developed. They use various methods of
padding. Dozens variants of state initialization are implemented. As an internal
function, many transformations and permutations are used. Currently, the “Sponge”
scheme and its modifications are the most successful and promising ways to build
modern cryptographic hash functions.

The paper (Wu, 2011) presents a cryptographic hash function JH (SHA-3 finalist),
constructed according to a scheme that differs from the usual “Sponge” scheme in that
message blocks are entered twice: first, as in “Sponge”, before calling the update
function, and then on the opposite side of the internal state after this call. The same
message block is entered both times. In (Guo, Peyrin, Poschmann, 2011), the
PHOTON family of cryptographic hash functions is presented. It is constructed
according to a scheme that slightly extends the “Sponge” scheme, allowing the number
of r' bits obtained during each iteration of the “squeezing phase” to differ from the bit
rate of r. In (Andreeva, Mennink, Preneel, 2011), the “Parazoa” family of cryptographic
hash functions constructed according to the scheme generalizing the “Sponge”
scheme, is introduced. In (Saeb, 2012), a new scheme “Enhanced Sponge Function
(ESF)” is proposed. This scheme involves the use of two internal permutation
functions, in contrast to the classic “Sponge” scheme, which uses only one function.
Shuffling between these two permutation functions is performed using a message-
dependent key generated in a pseudo-random manner. Next, we will consider another
new modification of the “Sponge” scheme (Ospanov, Seitkulov, Arapov, Yergalieva,
2020), (Ospanov, Seitkulov, 2020) which includes elements of the schemes discussed
above. According to this scheme, the following transformations are performed on the
input message:

1) An padding function is applied to the input message, as a result of which additional
bits are added to the message, and the message is represented as a concatenation of
blocks of a certain equal length r.

2) An initialization function is performed, i.e., filling in the initial value of some variable
S, a bit sequence of some specific length, called a state.

3) The message injection function is applied to the state S and the first block of the
message, as a result of which the value of the state S is converted.

4) From a given set of internal functions, the function f is selected using the selection
function.

5) We apply the function f to the state S.

6) The message injection function is applied to the state S and the next block of the
message, as a result of which the value of the state S is converted.
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7) From a given set of internal functions, the function f is selected using the selection
function.

8) We apply the function f to the state S.
9) Repeat steps 6, 7, and 8 until all message blocks are processed in this way.

10) From the state S, we get the first output block of length r' (not necessarily equal to
r) using the extraction function.

11) From a given set of internal functions, the function f is selected using the selection
function.

12) We apply the function f to the state S.

13) From the state S, we get the next output block of length r' using the extraction
function.

14) From a given set of internal functions, the function f is selected using the selection
function.

15) We apply the function f to the state S.

16) Repeat steps 13, 14, and 15 until the total length of all returned blocks is greater
than or equal to the required length of the hash value.

17) A finalization function is applied to the resulting output blocks, resulting in the
desired hash value.

3. Selection function

The classic “Sponge” scheme and most of its modifications assume only one internal
function. The scheme discussed in the previous section provides for the use of many
internal functions. The choice of one of the many internal functions is performed using
the selection function.

The scheme proposed in (Saeb, 2012) provides for the use of two internal functions.
The order of operation of these two internal functions as part of the entire scheme is
determined using a message-dependent key generated in a pseudo-random way. The
key bit is generated as follows: the Von Neumann corrector is applied to the input
message, then the XOR corrector is applied to the resulting sequence of bits, and we
get the key bit. Using the key bit, one of the two specified internal functions is selected
as follows. The first r bits of the state S are sequentially being sent to the information
input of one 1-2 demultiplexer, to the address input of which the key bit is being sent,
and the remaining c bits of the state S are sequentially being sent to the information
input of another 1-2 demultiplexer, to the address input of which the key bit is also
being sent; then the function fO is applied to the output bits (the converted state value)
if the key bit is 0, or the function f1 is applied if the key bit is 1.

In this paper, we consider the case when the set of three internal functions Fi, i=0,1,2
is given in the scheme. The selection function is defined as follows.

The input message is divided into two parts. If the length m of the message is an even
number, then it is divided into two parts of the same length, and if not even, then two
parts with lengths [m/2]+1 and [m/2].

12
TURK-COSE 2021 | Book of Proceedings



lil. International Turkic World Congress on Science and Engineering
14-15 June 2021, Nigde - Turkey

The first selection bit is generated. To do this, the von Neumann corrector is applied to
the first part of the input message, i.e. the bits of the input message are considered in
pairs: if there are two identical values in the pair, then the pair is discarded, if the bits
are different, then only the first bit in this pair is written instead of the pair. Then the
XOR corrector is applied to the result, i.e. all the bits of the resulting sequence are
added modulo 2. The result is the first selection bit. Similarly, a second selection bit is
generated by applying the von Neumann corrector and the XOR corrector to the
second part of the input message.

The first r bits of state S are sequentially being sent to the information input of the first
1-2 demultiplexer, to the address input of which the first selection bit is being sent, and
the remaining c bits of state S are sequentially being sent to the information input of
the second 1-2 demultiplexer, to the address input of which the first selection bit is also
being sent. If the selection bit is 0, then the output bits of the first 1-2 demultiplexer are
being sent to the information input of the third 1-2 demultiplexer, to the address input
of which the second selection bit is being sent, and the output bits of the second 1-2
demultiplexer are being sent to the information input of the fourth 1-2 demultiplexer, to
the address input of which the second selection bit is also being sent. Next, the internal
function FO will be applied to the output r+c bits if the second selection bit is 0, or the
internal function F1 will be applied if the second selection bit is 1. If the first selection
bitis 1, then the internal function F2 will be applied to the r+c bits obtained at the output.

Similarly, we can construct a selection function for the case of more than three internal
functions using a cascade of demultiplexers.

4. Modified sponge-based hash function

Next, consider an example of a modified sponge-based hash algorithm that specifies
a set of internal functions. According to this algorithm, the following transformations
are performed on the input message:

1) An padding function is applied to the input message, as a result of which additional
bits are added to the message, and the message is represented as a concatenation of
blocks of a certain equal length r.

The padding function is defined as follows. To the input message (on the side of the
least significant bit), one bit 1 is added, followed by the minimum number of bits 0 and
at the end one bit 1, so that the length of the result is a multiple of the block length.
Moreover, at least 2 bits are added to the message and no more than the number of
bits equal to the length of the block plus one.

2) An initialization function is performed, i.e., filling in the initial value of some variable
S, a bit sequence of some specific length b, called a state.

The initialization function is defined as follows. The initial state value is b-80 bits 0,
followed by an 80-bit representation of the word “TAHBA” in UNICODE (0...0 0000
0100 0010 0010 0000 0100 0001 0000 0000 0100 1010 0010 0000 0100 0001 0001
0000 0100 0001 0000).

3) The message injection function is applied to the state S and the first block of the
message, as a result of which the value of the state S is converted.
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The message injection function is defined as follows. The XOR operation is performed
bitwise between the first r bits of the state S and the first block. And then we replace
the first r bits of the state S with the result of this operation.

4) From a given set of internal functions, the Fi function is selected using the selection
function discussed in the previous section. The selection bits are inverted.

5) The selected internal function Fi is applied to the state S.

6) The message injection function is applied to the state S and the next message block,
as a result of which the value of the state S is converted.

7) From a given set of internal functions, the Fi function is selected using the selection
function.

8) The selected internal function Fi is applied to the state S.
9) Steps 6, 7, and 8 are repeated until all message blocks are processed in this way.

10) From the state S, we get the first output block of length r' (not necessarily equal to
r) using the extraction function.

The extraction function is defined as follows. The first r' bits of the S state form the
output block.

11) From a given set of internal functions, the Fi function is selected using the selection
function.

12) The selected internal function Fi is applied to the state S.

13) From the state S, we get the next output block of length r' using the extraction
function.

14) From a given set of internal functions, the Fi function is selected using the selection
function.

15) The selected internal function Fi is applied to the state S.

16) Steps 13, 14, and 15 are repeated until the total length of all returned blocks is
greater than or equal to the required length of the hash value.

17) A finalization function is applied to the resulting output blocks, resulting in the
desired hash value.

The finalization function is defined as follows. The first n bits of the resulting sequence
form a hash value.

5. Conclusion

In this article, we have considered a new modification of the “Sponge” scheme. The
classic “Sponge” scheme and most of its modifications assume only one internal
function. The scheme discussed in this article provides for the use of many internal
functions. The choice of one of the many internal functions is performed using the
selection function. In this paper, we have considered the implementation of the function
of selecting an internal function from a given set for the modified scheme. The selection
function is constructed for the case when the scheme specifies a set of three internal
functions Fi, i=0,1,2. The choice of one of these three internal functions as part of the
entire scheme is determined using message-dependent selection bits generated in a
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pseudo-random manner. Similarly, we can construct a selection function for the case
of more than three internal functions using a cascade of demultiplexers. And finally,
we have considered an example of a modified sponge-based hash algorithm that
specifies a set of internal functions.
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Abstract: S-boxes are one of the main components that determine the nonlinearity
of the encryption transformation and the level of security of modern symmetric
cryptographic algorithms. In this article criteria for optimal S-boxes and methods for
obtaining optimal S-boxes are considered. The analysis of the criteria and methods
will make it possible to build the most efficient algorithm for generating optimal S-
boxes.
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1. Introduction

S-boxes (substitution block, s-box, substitution box) are one of the main components
that determine the nonlinearity of the encryption transformation and the level of security
of modern symmetric cryptographic algorithms. When designing many symmetric block
encryption algorithms, S-boxes are often chosen for the purpose of implementing
confusion in the cipher. Thus, the cryptographic security of ciphers strongly depends
on the cryptographic properties of S-boxes. S-boxes are substitutions that map an n-
bit input block to an m-bit output block. Widely used in block ciphers and the most
interesting subclass of substitutions are bijective (also called permutations). To protect
cryptographic algorithms from various types of attacks, S-boxes must meet a number
of criteria. Due to the large number of existing criteria, their inconsistency or partial
interdependence, it is problematic to form an S-box that has all the known specified
properties. Therefore, in practice, S-boxes are used that meet the main criteria
essential for a particular symmetric algorithm. Such S-boxes are usually called optimal.

2. Criteria for optimal S-boxes

The optimal S-box criteria can be set for an entire class of cryptographic algorithms,
as well as set for a single cryptographic primitive. When selecting S-boxes for new
ciphers, the main criteria are non-linearity and differential uniformity. Differential
uniformity is an indicator of resistance against differential attack. The smaller is this
indicator, the better is the S-box’s resistance against differential attack. For example,
for 8-bit substitutions, the optimal values of differential uniformity are no more than 8.
Non-linearity is an indicator of resistance against a linear attack. The higher is this
indicator, the better is the S-box’s resistance against linear attack. The optimal values
for 8-bit substitutions are at least 100. Algebraic degree and algebraic immunity are
indicators of resistance against algebraic attacks. In the case of 8-bit substitutions, the
optimal values of the algebraic degree are at least 7, and the maximum value of the
algebraic immunity is 3 for 441 equations. And in the case of substitutions of 4 in 4 bits,
the criterion of algebraic immunity does not play a big role, since they can be described
by a system of equations of the second degree. But at the same time, it cannot be
equal to 1. Another criterion is the absence of cycles of length 1, i.e. fixed points, and
also opposite fixed points. The number of these fixed points and opposite fixed points
should be kept as low as possible to provide resistance against statistical attack, to
prevent leakage in any statistical cryptanalysis. There are many other criteria. For
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example, robustness, randomness, balancing, strict avalanche criterion, linear
approximation, algebraic complexity, completeness, diffusion order, bit independence
criterion, correlation, propagation characteristic, majority logic criterion, transparency
order are some S-box properties that are important to analyze in order to resist against
cryptanalysis. Most of the criteria have not yet been proven to be necessary. Many of
them are not applicable to block ciphers, but at the same time they are used in stream
ciphers. The properties of S-boxes of DES and GOST 28147 block ciphers are not
relevant today. Modern criteria are focused on protection against existing types of
cryptanalysis: linear, algebraic, and various variations of differential. Another criterion
is related to whether substitutions belong to different equivalence classes of vector
Boolean functions. This criterion is only applicable if the algorithm uses more than one
non-linear replacement node. Many studies show that there are probably no perfect S-
boxes. Therefore, the concept of optimal S-box was introduced, the criteria of which
are determined for a specific cryptographic algorithm or class of cryptographic
algorithms) and are optimal from the point of view of protection against existing types
of attacks.

3. Methods for obtaining optimal S-boxes

Generating optimal S-boxes is a time-consuming task. Existing methods for obtaining
S-boxes can be divided into three main areas: algebraic constructions, pseudorandom
generation, and a heuristic approach.

In the first approach, S-boxes are designed according to some proven mathematical
relations and principles. The most well-known representatives of this approach are
bijective (n x n) S-boxes (permutations) based on inversion in a finite field GF (2").
They are the best S-boxes found and at the same time optimal with respect to most of
the desired criteria. For example, an S-box in AES is an S-box that has high algebraic
degree - 7, high nonlinearity - 112, low autocorrelation - 32, and low differential
uniformity — 4. In (Nizam Chew, Ismail, 2020), a construction based on a linear
fractional transformation and a permutation function is proposed. In (Zahid, Arshad,
2019), a method for designing S-boxes based on the use of cubic polynomial mappings
is considered. In (Altaleb, Saeed, Hussain, Aslam, 2017), (8 x 8) S-boxes based on
the projective general linear group PGL(2, GF(28)) over the Galois field GF(28) are
synthesized. There are many other algebraic methods for generating substitutions, for
example, (Hussain, Jamal, Shah, Hussain, 2020), (Gao, |drees, Zafar, Rashid, 2020).
Although such S-boxes are often preferred because of their excellent cryptographic
properties, there are some problems related to their simple algebraic structure and
possible future vulnerability to algebraic attacks. In addition, the number of these S-
boxes is small, and they are all affine equivalent.

The second approach consists in constructing S-boxes from a table of random
numbers and then checking its correspondence. This approach is doomed to failure
from the very beginning, since most of the cryptographic criteria you are looking for
often contradict each other, which significantly reduces the number of S-boxes that are
good for all criteria, and reduces the probability of selecting good S-boxes.

The third approach involves iterative improvement of an S-box or a whole set of S-
boxes with respect to one or more properties. Unlike algebraic constructions, heuristic
methods are able to create large sets of S-boxes, since they use direct search
methods. Most often, the cryptographic properties of S-boxes obtained using heuristic
algorithms are not as good as those of algebraically constructed S-boxes. However, in
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recent years, the difference between these properties has become increasingly
indistinguishable. The latter is achieved using some specific heuristic methods, such
as the method of search by hill climbing, the method of simulated annealing, genetic
algorithms, or various combinations of them. Although most of the methods described
give good results for constructing bijective S-boxes based on only one of the main
criteria, this becomes much more complex when both non-linearity and differential
uniformity must be considered simultaneously. A known method for generating highly
nonlinear S-boxes based on gradient descent (Kazymyrov, 2013) requires the
sequential application of several criteria for each generated substitution. In (Rodinko,
Oliynykov, Gorbenko, 2017), an improvement of this method is presented by selecting
the appropriate order of criteria application, which reduces the required computing
power for generating S-boxes. In (lvanov, Nikolov, Nikova, 2015), a heuristic method
for generating large sets of (n x n) bijective S-boxes with a good combination of target
properties, such as high nonlinearity, high algebraic degree, low differential uniformity,
and low autocorrelation, based on the use of a specific artificial immune algorithm in
combination with a modification of the hill climbing method for S-boxes is proposed. In
(Gorbenko, Kuznetsov, Gorbenko, Pushkar'ov, Kotukh, Kuznetsova, 2019), the
prospects for further research in order to improve heuristic methods for the synthesis
of random S-boxes are substantiated. In (Easttom, 2018), a generalized methodology
for designing and testing S-boxes for symmetric ciphers is described. This
methodology includes the application of three well-established tests that should be
used to design or test each S-box. The study also shows that at least some
mathematical methods for designing S-boxes, while safe, are no more secure than
non-mathematical methods, but are more computationally intensive.

4. Conclusion

Thus, the current issue is the analysis of the existing criteria for S-boxes and a
reasonable choice of the necessary set of criteria for specific cryptographic algorithms
or classes of cryptographic algorithms; search and develop theoretically based
effective practical methods for obtaining optimal S-boxes that provide high indicators
of security in symmetric cryptographic algorithms. The analysis of the criteria and
methods will make it possible to build the most efficient algorithm for generating optimal
S-boxes. As a future work, an analysis of the existing criteria that S-boxes must meet
will be carried out, and a reasonable selection of a set of criteria for optimal S-boxes
will be made.
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Abstract: We describe the application of a CALL (computer-aided
language learning) system to Kazakh, a major Turkic language, in a
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BBeageHue

CoBpeMEHHbIM  MHCTPYMEHTOM  MOAEpPHM3aLMM  KasaxcTaHckoro obpasoBaHus
asnsetca obyyeHme nocpencreom CALL (Computer Assisted Language Learning —
KOMMbIOTEPHBLIX TEXHOMOMMN ANA u3ydeHnsa A3blka). Ha cerogHsawHun aeHb
npenofaBaHNe Ka3axCKoro 3blka BKAOYaeT B ceba MHOXECTBO pPasfMyHbIX
TEXHOMNOrMn obyyYeHnsa, TakMe Kak akTUBHble MeToabl 00y4yeHusi, npobrnemHbie
MeToAbl, UTPOBbIE TEXHOMNOMMN, a Takke 0by4yeHne B 3NeKTPOHHON-06pa3oBaTenbHON
cpepe. Ho kak nokasbiBaeT negarormyeckas npaktuka, paspaboTtka pesynbTaTuBHbIX
MEeTOAOB 00y4vyeHUss A3blKy BO MHOIMOM ocTaetca ManoaddektneHbiM. O6 3TOM
CBMAETENbCTBYOT pakTbl. Tak, K npumepy, MO AaHHbIM CTaTUCTUKM TONbKO 39%
HaceneHusa KasaxctaHa cBO6O4HO rOBOPUT, YNTAET M NULLIET HA Ka3axckom a3blke. Ho
BnagetT npodeccmoHanbHon nekcukon Tonbko 21,4%. CoBceMm He BrnagewT
Kaszaxckum a3bikom 8,8% Hacenenus, cpean Hux 30,1% pycckux, 11,8% apyrnx
aTHocoB 1 0,5% kasaxos [MiBaHoB, 2019].

C oaHOM CTOPOHbI, BO MHOIMOM Yiy4YLLIEHWIO AAHHOW CUTYaLMUn NO N3YYEHUIO Ka3axCcKoro
A3blka, MO HaweMy MHeHuo, crnocobetByeT obyveHne nocpeactsom CALL-
TexHonormn. C agpyron, BaXHbIM MoKasaTtenem passButua  MHEPOPMaLMOHHOIO
obuiecTBa ABNAETCA cpeaHMi nokasartenb ymicna aboHenToB 10,8 eanHuL, MMeOLNX
JoMKCUPOBaHHbLIN JOCTYN B VIHTEpPHET, KOTOPLIN COCTaBnAeT B pas3BUTbIX CTpaHax 29,
B passuBawowmxca 7,1. [lo gaHHbIM KOMuTeTa cTaTUCTUKM MuHUCTepcTBa
HaunoHanbHon akoHOMUKK, B 2018 roay B KazaxctaHe nokasaTesib Yncna aboHeHToB,
NMerLWnxX PUKCUpoBaHHbIM JocTyn B VIHTepHeT, coctaensan 13 eanHuy [BeyknH3osa
E.A. v gp., 2019]. Ucxoast M3 aToro, CHMTAEM, YTO aKTyaribHOCTb CTaTbl O0YCroBeHa
aHann3oM COBPEMEHHOM MNPaKTUKM WCNOSb30BaHUS OOHOrO0 U3  3(PPEKTUBHbIX
MEeTOA0B 0by4yeHus s3blKy NOCPenCcTBOM cuctembl «Revitay, 4To BygeT nocTteneHHo
cnocobcTBOBaTbL  yCKOpeHutio  obpauweHua negarormyeckoro  coobuiectBa K
COBPEMEHHOM  NMHIBOAWOAKTMKE, OCHOBAHHOM Ha MNepefoBblX 3HAHUAX U
TexHonorusix. Paborta Hag cuctemon «Revita» naHayanbHO KOHUEHTpMpOBanach Ha
(PMHCKOM 43blke W pPOACTBEHHBIM €My $3blkaX, HO B HAaCTOALWWMA MOMEHT OHa
paclmpseTcs C Uenblo OxBaTUTb Takke Jpyrne £3blkuM, BocTpeboBaHHble B
obpasoBaTenbHbIX cucTtemMax kKonner paspabdoTtunkoB npoekta «Revita» [Katinskaia un
ap.,2018].
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[laHHOMYy BOMPOCY MOCBSALLEHO 3HAYUTESIbHOE KOMMYECTBO MCCReaoBaHUN, KOTOpble
BOLIMN B TEOPETUYECKYID OCHOBY HacTosiwen cTtatbu. HayyHo-meToandeckon
npobrieme 0 HEOH6XOANMOCTU NPUMEHEHUS HOBbIX TEXHOMOMMN B O0Yy4YEHUN A3bIKaM,
opraHv3aunmn TBOPYECKOM CaMOCTOSATENBHON AeATENbHOCTU CTYAEeHTOB-HE(UITONOros
Oblnn paccMmoTpeHbl B nccnegosanusx H.L. ApyTioHoBon [ApyTioHoBa,1988], N.JI.
Bbum [Bbum,2001], B.'. KoctomapoBa [KocTtomapos,1996], O.1. MutpodaHoBON
[MuTpodhaHoBa, 1985], A.A. JleoHTbeBa [JleoHTbeB,1984], E.N. lMNaccosa [[laccos,
1991], C.®. Wartnnosa [WaTunos, 1985], A.H. WyknHa [WykuH, 2010], N.A. 3umHen
[BumHsag, 2003] n gpyrux.

Mpu HanucaHun cTaTbM Mbl WUCMNONb30BanNM aHanuMTUKO-onucaTenbHbI  MeToq,
BKIHOYAOLNA aHanm3 JNUHIBUCTUYECKMX, METOOUYECKUX AaHHbIX C MOCreayloLmMm
0606LeHeM 1 OMMCaHWEM MOMYyYEHHbIX BbIBOAOB; HabMAeHWe 3a MpoLeccoMm
0by4yeHus1 ¢ NOMOLLbIO «PeBUTbI» 1 Neaarornyeckme aKCnepuMeHThbI.

Pesyn bTaTbl UCCneaoBaHUA.

O6 aKkTMBHOM WHTEpece K pecypcaMm W ucnonb3oBaHun TexHonormn CALL
CBMAETENbCTBYIOT NOCTOSIHHbIE CTAaTbW Ha CTpaHMLax XypHanos «M3yvyeHne a3bika u
TexHonormmy (2002 r.) n «MHHOBaumn B n3yyeHumn n npenogaBaHnm a3oikosy (2009 r.).

B 10 xe Bpems, He cneayeT 3abbiBaTb, YTO MHHOBALMOHHbIE TEXHOSOMMN B OBYYeHUN
A3blkaM BbIABUraldT COBEPLLUEHHO HOBble TpeboBaHna K obecnedeHuto y4yebHOoro
npouecca. [Ona addgektmBHoro BHeapeHuss CALL-texHonormm Heobxoamma
NHpopMaunoHHo-obpasoBaTensHaa cpega (MOC), koTopasi yBs3biBaeT B €4UHbIN
KOMMMeKC uenu, cogepXxaHne n cpeacraa obyyeHuns.

MHdopmaumoHHo-obpa3oBaTenbHaa cpefa no M3YYEeHU0 Kas3axCcKoro 43blka B
Kasaxckom HaumoHanbsHOM MeanunHCKOM yHuBepcuteTe nmenn C.AcdeHanspoBa BO
MHOIroM dopMMpyeTca cpeactBamu yvyebHo-meTogmyeckoro obecneveHvs B Buae
obyyatoLlen nnaTtopmbl «Revita». NHdpopmMaLMOHHO-KOMMYHUKaALIMOHHAs
obyvyalowaa cpeda, BO3HMKawWwas  nocpeactBoM  paboTbl € AaHHOM
nnaTopMon, OpPUEHTMpPOBaHa He TOMbKO Ha ayauTopHyk paboTy CTyaeHTOoB-
MeLMKOB, HO U 06ecneynBaeT NOAAEPKKY BHEAYAUTOPHON CaMOCTOATENbHON y4ebHOoM
paboTbl. Bce aTO B ULenoMm cnocobCTBYyeT pasBUTUIO HEMPEPbLIBHOCTU S3bIKOBOMO
obpasoBaHu4 [[Noropenbckas n gp., 2015].

MHdopmaumoHHo-obyyatowas cpefa, Kotopas npegnaraetca npu obyyvyeHun ¢
«Revita», BkntoyaeT B ceba opraHu3auuo CamMoCTOSTENbHOM paboTbl Ha OCHOBE
YTeHust M paboTbl C ayTEHTMYHbIM TeKCTOM [KaTuHckasa n gp, 2007].

YTteHune — 310 npouecc obLEeHN 1 NO3HAHUS, B HEM NPUCYTCTBYIOT KOMMYHUKATUBHbI
M  KOTHUTUBHbLIA acnekTbl. Kaxabll TEeKCT, SABMAsACb CpeacTtBoM  obuweHud,
npegcraBnsaeT cobon coobuieHne, To eCTb 0bnagaetT UHPOPMATUBHOCTLIO. «B obLuem
BMAEe TEKCT MOXHO paccmaTpuBaTb Kak onpeferieHHYH COBOKYMHYI WMH(opMauuto,
3aKOAMPOBAHHYD MO cCUCTeMe JaHHOro fa3blka», [KnblvHukoBa, 1983, 107]. Mbl B
Hawen pabote Ha 1 Kypce uCNONb3yeM TeKCTbl pas3HOW TemaTuKW; Hanpumep,
«AnmaTbl kanacbl», «Acbin weny», «bankoHbip» 1 gpyrme. Npn 3TOM HEobxoaMmo
OTMETUTb, YTO cama BMBNMoTeka TEKCTOB AENUTCH HA HECKOMNbKO CEKLINNA:

1. oblwwme TeKcThbl,
2. NW4YHble TEKCTbI Nonb3oBaTens,
3. TekcTbl rpynn.
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Kpome aTOro ectb TecToBble MaTepuanbl, KpOCCBOPAbl Ha OCHOBE MPOYUTAHHOIO
TEKCTa, KOTopble CTyAEHTbl MOryT UCMONb30BaTb B CaMOCTOSITENbHOW paboTe BHe
ayauTopun, Kak nop pykoBoACTBOM npenogasaTtens Tak u 6e3 Hero. Mpu noarotoeke
K 3aHSTUIO npernogaBaTeflb MOXET 3arpy3utb B nnatgopMy «Revita» Heckomnbko
TEKCTOB C NpuUMepamu, COOTBETCTBYWLIMMU TEeMe, M MOAEeNUTbCA UMU CO BCEMU
YyrieHamu rpynnbl — CTygeHTamu Knacca.

JTtobon TekcT MOXHO AobaBuTb B popmaTe TEKCTOBOro AokymeHTa (.txt mnm .docx),
cKOnMpoBaTb HEMNOCPeACTBEHHO B hopmy Ha canTe wmnu BcTaButb agpec (URL)
CTpaHuLUbl C UHTEPECYIOLLMM TEKCTOM. «PeBuTa» aBTOMaTU4ECKM U3BMEKaAET TEKCT,
aHanuaupyeT ero, onpegensieT ypoBeHb CrOXHOCTU TeKcTa U fobaBnsieT B JIMYHYHO
onbnuoteky. B npouecce KOMNbOTEPHO-NMNHIBUCTUYECKON 0O6PabOTKM TEKCT AeNuTCA
Ha cnoeBa W npeanoXeHns, npou3BoAUTCA AeTanbHbii  MOPEONOrMYeckun wn
CYHTaKCMYECKMA aHanm3 TeKCcTa, M BbisBNeHne O0nbloro yncna onpenerieHHbIX
NIMHIBUCTMYECKUX KOHCTPYKTOB — T.€. rpaMMaTU4eCKMX W OUAAKTUYECKUX TeM
— BOKPYr KOTOPbIX cOCpenoToveHO obyyeHne, M Ha OCHOBE KOTOPbIX CTPOSATCHA
ynpaxHeHus.

Pa6oTa ¢ ynpaxHeHusmMum

B «PeBuTe» cyllecTByeT HECKONbKO OCHOBHbLIX TUMOB YMNpPaXXHEHWI, npeanaraeMbix
ANS pasHblX 13bIKOB B CUCTEME:

1. 3anonHeHWe NpoOMycKOB — [OaHHbIN TUMN YNpaXHEeHWA B NepByl oyepedb
No3BONSieT TPEeHUpOBaTb rpaMmaTUdeckMe HaBblkn. B kadecTBe noackasku
CTyAEeHT nonyyaet “6a3oByro” (CnoBapHyo) dopmy criosa.

2. YnpaxHeHUss Ha CNyxoBOe BOCNpUATME — CTYAEHT AOSMKEH MpaBuIibHO
3anuncaTb CIOBO YCrblLLAHHOE B KOHTEKCTE.

3. Bbibop 13 cnmcka — gaHHbIN TUN YNpaKHEHUIA COCTOUT B BbIOOpe NpaBuibHOM
rpammaTnyeckon opMbl B KOHTEKCTE MNM B BblibOpe noaxogswiero crnosa
(npeanor, cola, Hapeuune), ecnmn 3TO HEM3MEHSIEMAsa YacTb pPeYn.

4. OnewkapTbl — Habop KapToO4YeKk HakannMBaeTCsa B MpoOLecce YTEHUS U
NPaKTUKN C TEKCTaMK, Koraa CTYAEHT HaXXMMaeT MbILKOW Ha CnoBa, KOTopble
eMy He3HakoMmbl. Bce He3HakoMble crioBa MOXHO M3yyaTb M oTpabaTbiBaTb B
crneumanbHOM pexnme, Hanpumep, Mexagy ceccusimmn paboTbl ¢ TekcTamm (s
pasHoobpasus).

5. KpoccBopabl — CTPOSITCA Ha OCHOBE TEKCTOB, BblOpaHHbIX CTygeHToM. Ha
OCHOBE TMPOMAEHHOr0 TeKCTa MOXHO COCTaBUTb KpPOCCBOPA, KOTOPLIN
COCTaBMSETCHA KaXAbl pa3 cnyyamHoiM obpasom, u panee cnocobcTByeT
YCBOEHWIO MPOMAEHHOro Matepuana.

[Mpn n3yyeHnn kasaxckoro si3blka CTygeHTaM npeariaraeTcs noka TONbKO YNpaXHeHUs
Tvna 1, 4, 5. Pa3Butue octanbHbIX TUMOB YNPaXHEHUA ONA Ka3axXCKoro A3blka —
nepcnekTnea ganbHenwen pabdoTol.

Mo MHeHMIO npenogaBaTenen, WUCMNONb30BaHME  TEXHOSMIOMMKM  KpoccBopaa
CnocoOCTBYET pasBUTUIO MOTUBALMM, LefnenonaraHunio, MOomnoSIHEHMIO CIIOBapHOro
3anaca [[laBnosa, 2019]. PelweHne KpoccBOpAOB Ha OCHOBE MPOYMTAHHOrO TEKCTa
NO3BONSET yCBamBaTb 3HaHMWS, 3anoMMHaTb CrioBa B UrpoBoKn hopme, OENCTBYET Kak
pasBriekaTeribHOe W Yycrnokamawuwee cpencrtso. [0 MHEHMIO caMuX CTYOEHTOB-
MEANKOB, TakMe HEeCNOXHble KPOCCBOPAbl MOMOralT CUCTEMATU3NPOBATb JIEKCUKY,
ynyywarT 3anoMvHaHWE CIOB, PACLUMPSIIOT KPyro3op, CnocobCTBYIOT pasBUTUIO
Co00pa3nTenbHOCTN, MbILLNEHMS Ha Ka3axckom s3bike [[MaBnosa, 2019].
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«Revita» npeanaraeTt nHanBMAYyanbHbIA NOAXOA K U3YYEHUIO S3bIKa, U COXPAHSIET:

* UCTOPUKO BCeX OTBETOB (NpaBWUSIbHbIX W  HenpaBWUSibHbLIX), AaHHbIX
oby4arowmmcs;

* BpeMsi, Korga OTBeThbl Oblnn AaHbl;

* KONMYECTBO MOMbITOK A0 TOro, Kak Nonb3oBaTeNb Aan NpPaBUbHbIN OTBET;

* N4 KaKnX CrioB Nonb30BaTenb 3anpalumnsan nepeBoabl (YTO CBUAETENbCTBYET
O TOM, YTO 3TW CroBa MEHee 3HAaKOMbl, U YTO C HUMM XenaTenbHO YNPaXHATbCS
AOMNOJSTHUTENBHO B pexume hnawwkapT);

* HACTPOWKM, BblOpaHHbIe AN YyNpaKHEHUN.

Kaxxgoe ynpaxHeHue CBA3aHO KakK MUHUMYM C OAHUM U3 JIMHIBUCTUYECKUX
KOHCTPYKTOB 3anporpaMMMPOBAHHbIX B CUCTEME — KaXKAblh KOHCTPYKT SABNAeTCS
HEKMM rpaMmMaTU4eCKUM MOHATUEM MMM CBOMCTBOM SA3blka, KOTOpoe Heobxoaumo B
KOHEYHOM WTOre AOHEecCTM OO Yy4aulerocs, COrfacHO AWOAKTUYECKUMM MpUHLMNAaM.
KoHCTpykTamu 4GBRAAKOTCH, HaNpuUMep: MNOHATUS  pPasnU4YHbIX Nagexen WMEH,
pasnuyHble Mogdenu (napagurmbl) CKIIOHEHUSI MMEH WIU  CMNpPSPKEHUST [Naronos,
MOHATUSA COrfacoBaHUA CrioB MpuHaAnexawmx K O4HOM UMEHHOW rpynne, NOHATUA
ynpaBneHns — Korga pasfuyHble rnaronbl, WnNu npegnoru/nocnenorn, wnm
CylleCcTBUTENbHbIE, U T.4., ONpeaensaoT nagex NogYNHEHHOM MMEHHOM rpynnbl (Kak,
HanpumMep, No-pycckn — "ropantbesa” / “6oneTs" + TBOPUTENBHLIN Nagex, HO "Beputb”
/ “nogBepratb" + gaTtenbHbIA, U T.M.) U MHOTWE Opyrne rpaMmmaTuyeckme CBOWCTBA
A3blka, KOTOPbIMW yvallMUcs [JorkeH oBnageTb. KOHCTPYKTbl Oenatcsa  Ha
COOTBETCTBYHOLUME pasnU4YHble YPOBHW HA3bIKOBOW KoMMeTeHuun. Hanpumep, B
PYCCKOM 43blKe, KOHCTPYKT CBSA3a@HHbIN C KaTeropuewn rnaronbHoro Buaa Ttpebyet
OYeHb MPOABMHYTLIX HAaBbIKOB, 4acTO He MOA4 Cuiy Aaxe BblICOKOOOpa3OBaHHLIM
npodeccnoHanbHbiM U cneynanuctaMm-pycuctaMm (Onsi KOTOPbIX PYCCKUA  A3bIK
HepoaHON).

YuntblBas UCTOpUIO OTBETOB nornb3oBatens, «Revita» npegnaraer HoBble
YNPaXHEHUS: €CNn KaKoW-MbO KOHCTPYKT CIMLIKOM 4acTo Bbi3biBaeT 0cobble
3aTpyAHEHUS U CTYAEHT coBepllaeT B HEM MHOMo OwWuBOoK, TO BEPOSATHOCTb 3TOro
KOHCTpYKTa nonacTb B criegyloLine ynpaxHeHus CHuxaeTcs (4Tobbl He “neperpyxaTb”
N He BbI3blBaTb (hpycTpaumnm/pasoyapoBaHms y yyauwlerocs). C opyron CTOpOHbI, eCnu
Kakon-NnMbo KOHCTPYKT MOYTU HUKOrAAa He NpeacTaBnisieT yyalemMycs ClOoXHOCTEN, TO
€ro BEpPOATHOCTb TaKKe CHuXKaeTcs (4TOObl He HAaCKy4uTb yyallemycs). OTo crneayet
angaktmyeckomy npuHumny 30Hbl Bnivkanwero Passutus, chopmynnpoBaHHOMY
BbIroTckum B npowsnom ctonetun, u oduienpusHaHHOMY Ha COBPEMEHHOW apeHe
aHanuTukn obydvenns [Boirotckun, 2013]. Takmm obpasom, cuctema nbiTaeTca
npegnaratb ynpaxHeHUsi COOTBETCTBYIOLIME WMMEHHO TeM KOHCTpYKTam, KoTopble
ONTUMAarbHO OTBEYAKOT HACTOSALWEMY YPOBHIO yYallerocs — Te, K YCBOEHUIO KOTOPbIX
OH MakCuUMarnbHO MNOAroTOBSIEH, U OH BydeT Yale ynpaXHATbLCA B TOM, 4YTO TpebyeT
HanbonbLuen NPakTUKN N HanbonbLlero BHUMaHUst UMEHHO B ero cnyyae. MHOXeCTBO
nccnegoBaHW MOKasbiBakOT, YTO JaHHbLIM noaxon cnocobeTeyeT 6onee 6GbICTpoOMyY U
AP PEKTUBHOMY N3YHEHWNIO HOBOTMO A3blKa.

Pe3ynbTatbl 060y4yeHus

O hekTUBHOCTL NCNONb30BaHMA AAHHOrO cpeacTBa obyyeHns anpobupoBaHa B xoae
npenofaBaHNA B rpynnax Kasaxckoro oTtgeneHus cneumanoHoctn «Obwas
meguumnHa» B 2021. B xoge obyveHus CTyOAeHTOB-MeaMKOB Obinv npoBedeHbl
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HavanbHble, NPOMEXYTOYHbIE N UTOroBblE CPe3bl MO OTOOPaHHbLIM ANArHOCTUYECKUM
MeToauKaM [Ofisi  BbISIBIIEHUS  YPOBHS  CCOOPMUPOBAHHOCTM  Ka3axXCKOsI3blYHOM
KOMNEeTEeHLUUN.

[nga akcnepumeHTa Mbl BbiGpanu 2 rpynnbl CTYAEHTOB. OKCNepuMeHTanbHas rpynna
(11 cTymeHTOoB) B KayecTBe [OMOMHUTENBHOIO Yy4ebHOro WMHCTPyMEHTa uMena
BO3MOXHOCTb Monb3oBatbcs «Revita». Btopaa — koHTponbHas (10 cTyaeHToB),
3aHMManacb no y4ebHuKy 1 pacneyatkam npenogasatens. o pesynbTatam TeKyLUmnx
N UTOrOBbIX KOHTPOMbHbIX paboT, KOTOPble MPOBOASTCS COOTBETCTBEHHO Ha 7-1 1 14-
N Hegene ceMecTpa, Mbl MPOBEPANN ABa TUNa KOMNeTeHLMN:

e YpoBeHb CHOPMMPOBAHHOCTM FIEKCUKO-rpamMMaTU4eCKOM KOMMETEHUNN —
AnHaMuKka OpMUPOBAHUS A3bIKOBbIX CPEeACTB B COOTBETCTBMWM C 3a4aHHOWN
TEMOWN UNu cutyauuen obweHns. IJTO 03HaYaeT, YTo B onpeaeneHHoe BpeMs
Mbl MPeasioKuIM ctygeHTam nocne paboTbl CO cneumanbHbIMU TEKCTaMU Ha
MEOVLUMHCKYID  TemMaTuKy  yrnpaxHeHuss C¢  3agaHvem:  “[lpouyntanTe
npeanaraemblin TEKCT, Hanpumep, «B kabuHeTe y Bpayay», n nogbepute TOT
BapuMaHT CIiOB B MNPEeLSIOKEeHUsX C MPOMyLLEHHbIMM CroBaMKn, KOTOPbIA Bam
KaxxeTcsa Hanbonee npuemnembiM. Takum ob6pa3om npoBepsieTcss NOHUMaHue
3Ha4YeHus crnoBa M yMeHWe NpaBUMbHO €ro NOCTaBUTb B HY)XHOE MECTO U B
npaBuibHOM Nagexe.”

e YpoBeHb C(HOPMUPOBAHHOCTU OOWMUX A3bLIKOBbLIX HaBblkOB. Heobxoammo
OTMETUTb, YTO MOHATME “00Lan A3bIkOBasA KOMNETEHUNA” — LUMpPe, MNOCKOSbKY
OHa BKIo4YaeT B cebsi n goHeTudeckmne, n opgorpaduyeckmne, n nekcuyeckme,
N rpammaTudeckne 3HaHus oby4vatollerocd. dTa KOMMNeTeHUMUss NpoBepsieTcs
OTAENbHO, NOTOMY YTO Y CTYAEHTOB MOXET pacLUMPUTBLCSA CROBapHbIN 3anac,
HO YMEHWe NpaBuibHO NCNOMb30BaThb B peyn 1 TekcTe Bcerga npobnemaTmyHo
— MOXHO MMeTb 6OonbLION 3anac CroB, 3HATb WX MNEpPeBOS, HO HE YMETb
roBopuTb M npaBuibHO nucatb. ([Moatomy oblias s3bIKOBas KOMMNETEHUUS
BCEerga Hmxe, Yem fieKCUKo-rpammaTnyeckas.)

Mpun atom 20-30% obLen A3bIkoOBOM KOMMNETEHLUMN BKINIOYAET cneumnanmanpoBaHHbIN
(MeOMUMHCKMA) NEeKCUKOH — Ond  pasBuTUS  NPOodPeCcCUOHaNbHOM  A3bIKOBOW
KOMMeTeHUMN, MOCKOSbKY Y CTYAEHTOB Ha 1-M Kypce naccuBHas npakTuka B 60nbHULE
N B MEOULIMHCKMX CTauMoHapax, n Ha 3-M Kypce npeameT "lpodeccrnoHanbHbIv A3bIK".
B Tabnuue npencraBneHbl pesynbTaTtbl TECTUPOBAHUA — CpeaHue nokasaTtenu no
rpynnam m KOMNeTeHUMSM:

pynna— | OkcnepumMeHTanbHasa | KoHTponbHas
| KomneTteHums (11 ctygoeHTOB) (10 ctypeHTOB)
Jlekcuko-rpammaTmyeckas 56% 43%
O6was sa3bikoBas 52% 40%

Takum 06pa3om, NpUPOCT B TECTUPYEMbIX KOMMETEHUMAX Y 3KCNepuMeHTanbHOM
rpynnel coctaBngaeT 30% vnu Bbile OTHOCUTENbHO KOHTPOSTbHOW Fpynnbl.

MPUYMHOM OTHOCUTENBHO HU3KMX pe3ynbTaToB, Ha Hal B3rNsSd, SBRseTcs
HeQoCTaTOYHOE YMeHMe CTyAeHToB paboTaTb C TekcTamu M GONbLUOK SA3bIKOBLIN
mMaTepuan Ha pasnuyHble TeMbl. Tak, K npuMepy, CTyAEHTbl HEe Hay4Yunucb eLle
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BHMMATENbHO BYMTbLIBATbCA B TEKCT; pasnuyatb [faBHYD W BTOPOCTEMEHHYIO
MHOpMaLMO; CONOCTaBNATb MHAOPMAaUMIO, MOSTYYEHHYH U3 Pa3HbIX UCTOYHMKOB;
obbeauHATL €é, n T.N. — KU, TeEM caMbiM, AEMOHCTPUPYIOT CBOK HEroTOBHOCTb
pabotatb c Tekctamun. Hapsgy ¢ 9TuM Heob6xoaMmMo OTMETUTb, YTO Yy CTYAEHTOB,
00yyaBLUMXCA B PYCCKMX LUKONax ropofda MOHMMaHWUS TEeKCTa Ha Ka3axCKOM A3blke
HWXe, YeM y TeX, KTO npuexan us obnacren. 3To MOXXHO OOBSACHUTb TEM, YTO B MarbIX
ropogax KasaxcraHa octanocb NpenmyLLeCTBEHHO Ka3axCKoA3blYHOE HaceneHne ms-
3a oTtToKa B 90-x 60NbLLOro KoNMYecTBa pyccKoroBopsALwmx. cknioyeHme cocTaBnsaoT
HekoTopble ropoga CesepHoro u BoctouyHoro KasaxctaHa. Bce 310 pgenaer
ManoapdekTuBHbIM  y4ebHyt0 KOMMyHuKauui B obbeme, Heobxogumom Aans
AOCTWXeHUa obpasoBaTerbHbIX Uenen. Ho B Toxe BpeMsa MMEHHO obyyeHuwe Ha
npuMmepe pa3bopoB TEKCTOB MOMOraeT PYCCKOroBOPALMM CTyAEeHTaM BOCMOSTHUTb
HeJoCTalwLlmMe 3HaHWUS Mo rpaMMaTuKe s3blka U BbIBOOAAT MOCTENEHHO Ha S3bIKOBYIO
KOMMYHUKaLMIO.

[nsa oueHKM ypoBHA MOTUBALMOHHOIO KOMMOHEHTa Bblfa ncnonb3oBaHa AnarHoCcTuka
«HanpaBneHHoCcTb Ha npuobpeTeHne 3HaHuUW», paspaboTaHHas E.IM. UnbuHbIM
[UnbwnH, 2002]. B gaHHOM gMarHoCcTuke CTyaeHTam npegnaranoch Belbpatb OTBET («a»
nnu «6») Ha yTeepxaeHue-sonpoc (Mpunoxenune 1). Kaxxgomy oTBeTy COOTBETCTBYET
onpeaeneHHoe konu4yectBo 6annoB (B COOTBETCTBUM C Ko4vom). Mo HabpaHHoM
cymme 0GannoB 6bIT caenaH BbiBOL4 O CTEMEHW BbIPaXEHHOCTM MOTuBauuu
obyuvatlowerocsa Ha npuobpeTeHne 3HaHUMM MO Kas3axCKomy A3blky. Y CTyAEHTOB
KOHTPOJSIbHOW rpynnbl Hanbonee pasBuTa BHELWWHAA MoTuBauus (68%); bonee Bbicokme
nokasaTenu C pasBuMTOM  BHYTPEHHeEW MoTuBauuen nokasamm 23 %
3KCNepUMeHTanbHOM rpynnbl.

3aknroyeHue

B naHHoM cTtatbe Mbl NnpeactaBunu «Revitay, oHnanH-cuctemy Ans n3yyeHus A3bikos,
npegHasHayYeHHylo  Ond  NPOABMHYTbIX  MONb3oBaTenen wu  peanusyroLlyto
NHOMBUAYaAlbHbLIN NOAXOA K U3YYEeHUI0 Ka3axckoro sisdblka. Mbl onucanu, HekoTopble
YHKUMN OOCTYMHblE B CUCTEME W KaK OHM MOryT OblTb MCMONb30BaHbl Ans
NOCTPOEHUs 3aHATMA. Mbl Takke pacckasanm O TOM, B YeM 3ak4vaeTcs
NHOMBUAYANbHbIN NOAX04 K NONb30BaTENto:

1. cosgaHue nMYHon BMbnNMoTeKkn n3yvaembix MaTepuanos,
2. reHepauusi n HacTpownka ynpaxHeHuH,
3. aHanua n otobpaxkeHne nHanBMayanbLHOro nporpecca.

Mbl OTMETUNWN HanpaBrieHUst UCCrnefoBaHWUA, KOTOpble MOryT OblTb MOCTPOEHbLI Ha
OCHOBE AaHHbIX, COOpaHHbIX «Revita», 1 To, kak OHM MOryT ObITb UCNONb30BaHbI AN
yCOBEpPLUEHCTBOBAHUS y4e6GHOro NpoLiecca, kak B paMkax CUCTEMbI, Tak U Ha 3aHATUAX
MO M3YYEHMIO Ka3axCKOro 3blKa.

B 6nwkanwem Oygyuiem B NPOEKT pasBUTUSA Ka3axCKOM CUCTEMbI BXOOAT MNfiaHbl
Ao6aBneHNsas KOHCTPYKTOB  Cneumduyecknx AOnsi  Ka3axCKoro 43blka, 4ToObl
3HAYMTENBbHO NOBLICUTL KAYECTBO YNpaXKHEHU 1 0b6paTHOM CBA3K C yyawmmces. Llenb
— [OBECTN OXBAT CUCTEMbI OO YPOBHS, HAanpumep, OMHCKOro U HEKOTOPbLIX APYrnx
A3bIKOB, KOTOpble Ha [OaHHbIM MOMEHT Haubonee rnyboko pasBuUTbl B cUCTEME
«Revitay. Haw onbIT ¢ gpyrummn a3bikamum CBUOETENbCTBYET O TOM, YTO €Cnu
KONMYECTBO KOHCTPYKTOB goxoauTt npubnuamtensHo o 80-100, To cuctema yxe
cnocobHa npegnaratb 3aHATUMA O4YeHb BbICOKOro kayectBa. ([Mpyn atom cnegyer
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OTMETUTb, YTO BO MHOMMX CTaHOAPTHbIX OMucaTersibHbIX rpaMmaTkax KOIM4ecTBO
KOHCTPYKTOB 00bIYHO 3HaumnTensHo npesbiwaeT 1000.)
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MpunoxeHue 1.

HanpasneHHocTb Ha npuobpeTteHune 3HaHun (E.MN. UnbuH, H.A. Kypatokosa)
[aeTtca psg yTBep>Xa4eHUn-BornpoCcoB C NapHbIMU OTBETAMW.
3 oByx OTBETOB HY>XHO BblOpaTb OAMH M PAAOM C NO3MUMEN Bonpoca HanucaTtb BykBy
("a" nnn "6"), cooTBETCTBYIOLLYIO BbIOpaHHOMY OTBETY.
TecToBoe 3agaHue:
1. TMonyyuB NfOXyK OTMETKY MO Ka3axCKoMy A3bIKy, Tbl, NpUas 4OMOMW:
1. cpasy caguwbCs 3a ypoKU, NOBTOPSAS U TO, YTO NSIOXO OTBETUST;
2. caguvbCs CMOTPETb TENEBU3OP UNKU UrpaTh HA KOMMbIOTEPE, AyMast, YTO
YPOK No aToMy npeameTy byaeT elle vyepes OeHb.
2. lNocne nonyyeHna xopoLlen OTMETKN NO Ka3axCKOMY A3bIKY Tbl:
1. npogomkaelwb 4OBPOCOBECTHO rOTOBUTLCS K CreAyoLEMY YPOKY;
2. He roToBMULbLCSA TLATENbHO, TaK Kak 3Haellb, YTO BCE PaBHO HE CNPOCHT.
3. bblBaeT nu, YTO Thbl OCTaELbCA HEQOBOSIEH OTBETOM, @ HE OTMETKOMN
1. pa;
2. HerT.
4. Yto0 onga Tebs yyeba:
1. NO3HaHME HOBOrO;
2. obpemeHuTenbHOE 3aHsATHe.
5. 3aBucatr nn TBOM OTMETKM OT TLATENbHOCTM MNOArOTOBKM K YPOKY O
Ka3axCKOMY A3bIKY:
1. pa;
2. HerT.
6. AHanuaupyelwb N1 Tbl NOCMe MNOSyY4eHUs: HU3KOW OTMETKW, YTO Tbl caenarn
HenpaBWIbHO:
1. pa;
2. HerT.
7. 3aBUCUT Nnn TBOE XenaHne roToBUTb JOMAaLUHEE 3a4aHue OT TOro, BbICTaBNSAOT
NN 3a HEero OTMETKN:
1. pa;
2. HerT.
8. Jlerko nu Tbl BTArMBaeLwbLCs B y4eby nocne KaHuky-:
1. pa;
2. HerT.
9. Yrto, no-TBOEMY, Ny4Lle — y4nTbCHA Unn boneTs:
1. yuuTbCs;
2. bonetb.
10.YT10 Ana Teba BaxHee — OTMETKU NN 3HAHUS:
1. OTMETKY;
2. 3HaHu4.

Ob6paboTka pe3ynbTaToB:

3a Kaxgblh OTBET B COOTBETCTBMW C KNto4YoM Haducngetcsas 1 6ann. Knwd: O
MOTMBaUuN Ha NpuobpeTeHne 3HaHUN CBUAETENbCTBYIOT OTBEThI @ Ha Bonpockl 1-6,
8-11 n otBeTbI 6 Ha Bonpockl 7 n 12.

MHTepnpeTtauma nonyyeHHblx pesynbtatoB: Cymma 6annoe (ot 0 pgo 10)
CBUOETENBbCTBYET O CTEMEHN BbIPAXXEHHOCTN MOTUBALMKN Ha NPUOBPETEHNE 3HAHWA.
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Abstract: Testing the robustness of techniques and performing a controlled
assessment requires large training datasets consisting of samples labeled with the
classes to which they belong, which is difficult and time costly. There are also many
technical, ethical, or budgetary reasons for this challenge. Obtaining experimental
results by producing synthetic data can overcome these disadvantages. The study
aims to produce Likert-type synthetic data classified by traditional techniques such
as logistic regression technique and evaluate synthetic data by the performance of
classification models under different conditions. The results of the study are
compared with results found in the literature. To evaluate classifier performance
comprehensively the ROC curve was used.

Keywords: Synthetic data, Logistic regression, Likert scale

1.Introduction

Testing techniques and their robustness, moreover determining the scenarios they are
most suitable for is an important issue for every discipline (Ayala-Rivera, Portillo-
Dominguez, Murphy, & Thorpe, 2016). Testing robustness of methods for data analysis
requires their controlled evaluation. This evaluation is commonly done on a basis of
test data sets, which need to cover various data properties (Bremm, Hess, von
Landesberger, & Fellner, 2012). Usually real world-data sets do not contain properties
specific to the model to be tested or it requires special preparation to find the pattern
inside (Peng & Hanke, 2016). While producing synthetic data, it is possible to define
multi-featured relationships and to preserve the functional dependencies of the data
(Ayala-Rivera, Portillo-Dominguez, Murphy, & Thorpe, 2016).

One of the obstacles to the effective use of real data are data privacy. Recent
developments in data mining and analysis have made the data privacy of individuals
and societies a very important agenda (Hittmeir, Ekelhart, & Mayer, 2019). In this
situation obtaining large training data sets consisting of sample labeled with classes
they belong, which is one of the requirements for a trainable classifier technologies are
difficult and time-costly. (Nonnemaker & Baird, 2009).

Data privacy not only the reason for the difficulty in obtaining real data. There are many
technical reasons as well (Peng & Hanke, 2016). A comprehensive investigation of the
performance of classification models requires an ability to control parameters under
different conditions, which is difficult to do in the real world (Kennedy, Delany, & Mac
Namee, 2011). An important feature of synthetic data is that it can be reused. By
modifying properties in data set it is possible to create new data set which will contain
pattern specific to conditions to be analyzed (Bremm, Hess, von Landesberger, &
Fellner, 2012). By this advantage artificial data allows the control of the situations
expected to occur in practice, never happened yet (Kennedy, Delany, & Mac Namee,
2011).

Computer vision and machine learning techniques, which are popular in recent years,
require huge amounts of annotated training data (Ward, Moghadam, & Hudson, 2018).
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Manually annotating images is not only a time-consuming and expensive task, but also
requires expert opinion in fields such as medicine and agriculture. Usually, such
studies are done by using very small data sets consisting of a few hundred images
(Minervini, Fischbach, Scharr, & Tsaftaris, 2016). To obtain more big datasets for such
studies synthetic data generators can be used, such as Synner or Mockaroo (Mannino
& Abouzied, 2019). Using domain sampling synthetic data (Eno & Thompson, 2008).

Data generators not only the way to generate synthetic data. Using programming
platforms synthetic data that is aligned with the desired set of statistical distributions
can be generated. Soltana et al. proposed a heuristic algorithm for generating
representative synthetic data that satisfies the necessary validity constraints (Soltana,
Sabetzadeh, & Briand, 2017).

2. Material and Methods

At first step of the study, a function written in Python code was used to create the
artificial data set. The algorithm of the function is given below:

Step 1: Two empty arrays are defined to store the values of independent and
dependent variables.

Step 2: A loop is created to repeat the number of parameters. Random values are
generated as many as the specified number of samples that will form a normal
distribution within the cycle. “Truncnorm”, which will be explained later, is used for this
number generation process. One-line is created in each cycle of the loop and
transferred to the previously defined array of arguments to create the data matrix.

Step 3: The array of independent variables is transformed into a matrix and transposed.

Step 4: Independent variables have been obtained by using the equation given in (1)
to conduct experimental studies with uncomplicated data sets where relations between
variables are symmetrical.

Y:X1+X2 +X3 +X4 +X5 +X6+X7+X8 +X9 +X10 (1)

Since it is aimed to create a balanced class for the dependent variable, the “three”
value in the Likert scale has been used. When the expression given in (1) is calculated
for three values, the result is found to be 30. The value of 30 is accepted as the
threshold of 30 and above satisfied = 1 and below 30, not satisfied = 0.

Step 5: Values obtained for dependent variables are labeled as “satisfied = 1” and “not
satisfied = 0” using a threshold value. After these labels are added to the data matrix,
they are given in Table 1.

The aim of second step was to conduct experimental studies with more complicated
but balanced data sets and to observe the difference between simple and complex
models. At this step an experimental study has been conducted with the data set
created using the equation given in (2).

Y:Xf+2*X2+X3+4*X4+X5+X6+5*X7+X8+X9+X10 (2)

Since it was aimed to create a balanced class for the dependent variable, three values
in the Likert scale were used. When the expression given in (2) was calculated for
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value “three”, the result was found to be 60. The value 60 was accepted as threshold
and 60 and above is accepted as satisfied = 1, below 60 as unsatisfied = 0.

Table 1. Data Matrix

Data Independent variables Dependent
Indices variable
0 1252132453 0
1 1343313332 0
2 2341134542 0
3 3443113124 0
4 2 545 42 42 2 4 1
5 5535223332 1
6 2 313355321 0
7 4 13 42 2 43 31 0
8 5142545133 1
9 4 5 3 44 42 2 23 1

342 344442 4 1

The aim of third step was to conduct experimental studies with more complicated
unbalanced data sets and to observe the difference balance and unbalanced datasets.
The number 3.5 was used instead of the three values in the Likert scale. When the
expression given in (2) was calculated for the value of 3.5, the result was found to be
approximately 72. A value of 72 was accepted as the threshold, and 72 and above as
satisfied = 1, below 72 as unsatisfied = 0.

The "truncnorm" function in the Python "scipy.stats" library was used to generate 5-
point Likert scale data that fit the normal distribution. Using the Truncnorm function,
random numbers are generated in accordance with the normal distribution between -1
and 1. The sum and average of these numbers are produced as 0. The numbers
produced were then converted into a range of 1 to 5. The expression given in (3) is
used for this transformation. The average of the numbers in the range of -1 to 1 is 0,
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the distance of the endpoints from average is 1. The average of the numbers in the
range of 1 to 5 is 3, and the distance of the end points from the value of average is 2.
For this reason, the produced values are multiplied by 2 units and increased by 3 units.
Then the obtained values were shifted 3 units in the number line.

X=x%x24+3 (3)

The Likert-type dataset was created by converting the obtained numbers between 1
and 5 into integers.

In the experimental study produced artificial data was classified by logistic regression
technique, which is the traditional technique. The performance of classification models
under different conditions was comprehensively evaluated and compared with results
found in the literature. To evaluates classifier performance comprehensively the ROC
curve is used (Sokolova et al., 2006). The ROC curve (Receiver Operating
Characteristic) is a two-dimensional measure of classification performance. The area
under the ROC curve (AUC) is a scalar measure that measures an aspect of
performance (Marzban, 2004). Threshold values are created by taking negative and
positive samples at different rates from the sample. The estimated result for each
threshold value is entered into the ROC field. Then these points are combined to form
the ROC curve.

3. Results and Discussion

To observe the classification performance of the model under different conditions, 30
different artificial datasets were created for each step. To observe changing behaviors
of the researched techniques depending on the amount of data, different sub-clusters
with 500, 600, 700, 800, 900, and 1000 samples were created for each dataset. After
the artificial datasets were created, these datasets were divided into training,
validation, and test sets as 70% training and 30% test sets. Then 30% of the training
set was used to create the validation data set. Results of experimental studies are
given in Table 1. The graphic obtained from Table 2 is given in Fig. 1.

According to the results given in Table 1, it was observed that the classification success
of all at all steps increased with sample size. The performance of logistic regression
classification at first step with 500 samples were 84% and it reached 92% for 1000
samples. The same results were obtained for the second step and third steps.
Classification success at the second step with 500 samples was 81% and it reached
87% for 1000 samples. Classification success at the third step with 500 samples was
62% and it reached 71% for 1000 samples. This result is consistent with the judgment
in the literature that the predictive power of the classifiers depends on the size of the
training sample (Figueroa, Zeng-Treitler, Kandula, & Ngo, 2012).
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Table 2. Average AUC Values of Logistic Regression Models

Sample
Size Simple Complex Unbalanced

500 84% 81% 62%
600 87% 84% 64%
700 89% 85% 64%
800 91% 86% 66%
900 92% 86% 67%

1000 92% 87% 71%

Since the complex equation is not used in the creation of data sets at the first step,
there is no increase in the complexity of the relationships in the data even if the number
of data increases. Therefore, the increase in the number of data makes it easier for
techniques to solve these relationships (Demidenko, 2007). It was observed that the
classification made by doubling the sample size increased the success of the model
by 8%. In the second step and third, it was observed that this increase in success was
6%, which is lower than at the first step. The value range of the dependent variable at
the first step is between 10 and 50, whereas the value range of the dependent variable
at the second step is between 18 and 110. Since both distributions are normal and
equidistantly spaced, it can conclude that at the second step all dataset have high
variance (Hozo, Djulbegovic, & Hozo, 2005). This result supports the hypothesis in the
literature that increasing variance causes a larger estimation error (Dormann, ve
digerleri, 2013).

When the performances of the model at all steps were compared for each sample, it
was observed that the complexity of the data negatively affected the success of the
model. The performance of the model at first step applying to the dataset with 1000
samples was 84%, whereas the performance of the model at second step for the same
dataset was 87%. Since the complex equation is used in the creation of data sets at
the second step, larger amounts of data might be needed to describe complex
relationships (Wisz, ve digerleri, 2008).

According to the results obtained from the classification made with the unbalanced
dataset, it was observed that it showed lower discrimination performance compared to
the first two steps. The performance of the third model applying to the dataset with
1000 samples was only 68%, which is the best result at the third step. It was observed
that the unbalanced data negatively affected the success of the model. The literature
also suggests that an equal sample-size design or in other words balanced dataset
provides the most efficient comparison of the two arms. Therefore balanced design
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requires smaller sample sizes, unbalanced design requires larger sample sizes (Hsieh,

Lavori, Cohen, & Feussner, 2003).
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Figure1. Average AUC Values Graph of Logistic Regression Models
4. Conclusion

To test the robustness of the techniques and to make a controlled evaluation, it was
proposed to use the synthetic dataset instead of the real-world large training datasets.
When used for purpose of testing and evaluating techniques, the synthetic data set
has many advantages over the real data set. The major advantage of synthetic data is
cost. Producing synthetic data using data generators or specific models is cheaper
than collecting real-world data. The other important advantage is data privacy because
synthetic data does not include personal data. An important feature of synthetic data
is that it can be reused. By modifying properties in the data set it is possible to create
new data set which will contain the specific pattern, so it could be possible to control
parameters under different conditions and assure robustness of techniques. Also, it is
possible to test techniques against scenarios that are likely to happen but not
happened yet, thus the robustness of the techniques. There is no limit to sample size.
It is possible to create a dataset with different sample sizes with the same pattern
specific to conditions to be analyzed.

In the study Likert Type synthetic data was generated and classified by traditional
techniques such as the logistic regression technique. The usability of synthetic data
was evaluated by the performance of classification model under different
conditions. The results of the study are compared with results found in the literature.
To evaluate classifier performance comprehensively the ROC curve was used.
According to results obtained from experiments with synthetic data, the classification
success of logistic regression under different conditions was close to the literature. It
was concluded that Likert-type synthetic data can be used for testing and evaluation
purposes.
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Bop6opayk Asmaaarbl yHuBepcutetrepae Moodle
nnatcgopmMacbiHbIH KONAOHYNyLY

AnxapkbiH CauT Kbisbl!, Puta Ucmannosa?
Kbiprbiz-Typk MaHac YHuBepcutetun, Komnbrotepauk UHxeHepusa 6enymy
ZKbiprbi3-Typk MaHac YHuBepcuteTn, Komnbiotepaunk UHxeHepusa 6enymy
aycarkin.sayit@manas.edu.kg, rita.ismailova@manas.edu.kg

AHHOTaumAa: 2020 bl agam 6Ganacbl y4yH e3reye KblngapgaH 6onagy.
KaWwooHyH 6apAblKk CeKTop/opyHAa e3repyyre ayywap 6ongy, aHblH MyMHae
ounmm Gepyy GarbiTbl ga 6ap. Ap kancbl GarbiTTa caHapUNTELITUPYY NpoLeccu
aTKapbInbIN XaTkaHAa KaHdanblk geHraange ovnmm Gepyy GarbitbiHga Oyn wLw
Yapanap aTtkapbinraHbelH 2020 Xbinbl 6up a3 ga 60nco Taacup 3TKEHWUH KepAayk.
Moodle anekTpoHayk okyTyyHy 6alukapyy TyTtymy (Learning Management Systems
— LMS) aynHe xy3yHae 50% npoueHT kongoHynat. byn usnngeense, Kelprei3ctaH,
KasakcTaH, ©36ekucTaH xxaHa TaXukuctaH maminekeTepmHae naHaeMms yqypyHaa
KaH4yanblk geHraange Moodle anekTpoHAyk OKyTyyHy 6Gaiwkapyy TyTymy
KONMAOHYMraHblH Kapanbin YbikTbl. XXbIMbIHTLIKTApra xapatla, OKyTyyHy Oalukapyy
CalTblHA KMpPreH CTYOEHTTEpPAMH CaHbl CbIpTKbl dpakToprop (6.a., 6yn canTka
KaH4YanblH geHraange Galwka OynakrapgaH wwntemenep 6epunreHaurn) MeHeH
TY346eH Ty3 OannaHbILwbl 6ONTOHYH, MbIHAAH ThiLIKapbl canTTa KapManyy yOakTbICbl
(Visit duration) - Be6 6apakyacbIHbIH TY3YMYHe »Kapalla SKeHOMIN aHblkTangbl.
Aukbiv ce3pgep: OkyTyyHy Gawkapyy Tytymy, OpTto A3ugd, 6unum Gepyy, M3gee
TYyTymay onTumangaiwiTeipyy

1. Kupuwyy

CaHapun 6unum Gepyy GarbiTbiHAArbl 9H YOH, KenrennepayH 6vpu - 6yn Kypctapabl
OHIalnH ylowTypyy, 6yn KypcTtapAblH OKyY NraH4apbliH, KaTbllyy4vynapblH )XaHa OKyTyy
MaTepuangapabl OKy4dyyrnapra XeTkupyy aBTomaTTawTblipyy 60nyn acentenuHeH. byn
YYYH aTambl MWTENUn 4YblkkaH TyTymaap OKyTyyHy 6Gawkapyy Tytymy (Learning
Management Systems — LMS) gen atanbIT. [lynHe Xy3yHAe 3H Ken KOoNgoHynraH xaxHa
Oenrunyy anekTpoHAyK OKyyHy 6awkapyy TyTtymaapbl - 6yn Moodle, Claroline,
Dokeos, Sakai, Atutor x.6. BynapabiH apacbiHaH Moodle anekTpoHAYK OKyTYYyHY
Bawkapyy TyTymy AymHe xy3yHae 50% npoueHT kongoHynat (BuiltWith® Pty Ltd,
2020).

Moodle aublk kogayy okyTyyHy 6awkapyy Tytymy PHP TunnHge GNU General Public
License TapabblHaH uwTenun YblkkaH. MekTen, yHUBEpCUTET, UL Xepu xaHa baluka
CeKTopriopAo nefarorukanblik 6arbiTTa KONgoHynyn kenet. Mucanbl: apanail OKyTyy
(blended learning), auctaHtTbik 6unum 6epyy (distance education), koTopynraH knacc
(fipped classroom) »xaHa ©Oalwka 3NEeKTPOHAYK OKyTyy AgonboopriopyHaa
KongoHyrnraHbl MaansiM. An amu, Opto Asuna vyenkemyHae Moodle pacmuin canTbiHa
kaparanga KbiproisactaHga 73, KasakctanHpa 527, OsbekctaHga 215 »xaHa
Taxukctanga 17 (Moodle, 2020) okyTyyHy Galwikapyy TyTymagapbl kattanraH. byn
TyTymAaapAablH Ma3MyHOApbIH Tangoo >XbIMbIHTbIMbIHA Jkapawa, 6acbimayy 6enyry
XKOFOPKY OKyY >XaunapblHa TaaHblOblK 3KEHW OpPTOro uYbiryyga. Ap Oup oKkyy Xanbl
Moodle TyTyMy apkbinlyy e3 cabakTbipaH CTyOeHTTEPUHE XETKUPYY MW YapanapbiH
Xyprysyyae. bupok 6up nporpamapbik xabablkTbl KONAoHyyaa, 6yn xxababikka 60nroH
Kanpbinyynap, 6awkada antkaHaa KaH4anblK AeHrasnae KongoHyyyynap tapabbiHaH
Kabbln anbiHbIN, 6Up KyH e Oup an munHge KaHda KongoHyydy 6yn Tytympgapra
Kanvpbinyy KacaraHbl Maauunyy. byn  kampbinyynapdblH  CaHbl, TYTyMAYH
ahpekTMBAYY KONOOHYMYLIYHYH KOPCOTKYYY, XaHa OHMNamH (9NeKTpoHayK) ounum
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Oepyyre eTyy AeHraanu gecek 6onot. OwoHayKTaH 6yn nanngeeHyH ankareiHga, Opto
Asnspa xawvrawkaH KbiproidactaH, KasakctaHn, ©36ekuctaH xaHa TaXukuctaH
MaMrekeTepuHae naHgeMus ydypyHaa KaHdanblk geHraange Moodle anekTpoHayk
OKYyTYYyHy Galukapyy TyTyMy KOMAOHYMraHblH Kapanbin 4blkTbl. QddekTnBayynyryH
ybirapyy VydyH, Moodle okytyy nnatopmacbiH kongoHroH >XKoropky Okyy
XannapablH CTyaeHTTepANH CaHbl anbiHraH. XXannbICblHaH M3Mnaeene KamTtblfraH
erkenepaery >Oropky OKyYy XaunapblH XaHa CTyOeHTTepAuH CaHblH ana TypraH
6oncok, ©3bekctaHga 119 >Koropky okyy >xamnapbiHga (PKOXK) 440991 crtymeHT
ovnum anat (©36ekctaH PecnybnukacbiHblH CTaTucTuka OOKHYa MaMeKeTTUK
komutetn, 2020); KbiprbidactaHga - 214157 crtypeHT xaHa 57 XXOXX (Kblprbi3
PecnybnukacblHbiH YnyTTyk Ctatuctmkanslk Komutetn, 2021); KasakctaHga - 125
KOXpo 604345 crygeHt (KasakctaH PecnybnukacbiHbiH  CTpaTernsnbik
nNaHJawTbIpyy >XaHa pedopmManap areHTTUrMHUH YNyTTyK cTatuctuka 6ropocy,
2020); TaxukctaHga - 39 XXOXgo 229600 crtygeHT (TaxukctaH PecnybnukacbiHbIH
Mpe3ngeHTnHe kapawTtyy Ctatuctmka areHtturn, 2020). KepreHybysgen, Gunuvm
Oepyy TapmarblH CaHapunTewTupyy NPOLEcCU KenTereH xapaaHaapdbl KaMTbIvT.
OwoHaykTaH, mn3nngeebysgyH MakcaTbl -  OKyTyyHy 6alukapyy TyTyMAapbiHbIH
KONOOHYNYWYHYH 3deKTUBAYYNYIYH, OKydyynapAblH Kanpbinyynapbl apkblyy
Tangoocy 6onyyaa.

2. ApabuaT Tangoo

(Al-Ajlan & Zedan, 2008) Buptyangblk okyTyy uempecy (Virtual Learning
Environment/VLE) kaTtapbl Atutor, Dokeos, dotLRN, ILIAS, LON-CAPA, Moodle,
OpenUSS, Sakai anekTpoHOyK OKyTyy nnatdgopmanapbiHbiH - YHKUMOHANAYYyryH

XaHa TeXHUKarnbIK acnekunepre HermsgenreH KepCeTKy4TOpY
(dpyHKUMOHanayynyk/functionality, KongoHyyuynyk/usability,
AokymeHTaums/documentation, KOOM MEHEH 6arnanbiw/community,

Kooncy3aayk/security, kamcbl3goo/support aHa blHraMnawTbipyy/adoption) 6otoHYa
canblWTbipManyy aHanms XyprysreH. XKblnbIHTbIrbiIHAA Moodle okyTyy TyTyMyHyHAa
KenTereH OpyMm, TECTMPNOO CbIAKTYY KOLyM4Ya e3revernyktepre 33 Gonyn, aHaaH
ThILWKapbl aganTMBAYYNyK kKepceTkyyy 60HYa Oa 9H XKaKLbl XbIbIHTbIK 6epreHx.

(Melton, 2008) Moodle okyTyy TYTYMyHYH KaTTanyy npoOLECCUH >XaHa TanwblpMaHbl
Tanwelpyy MNPOLECCUMH KONMAOHYY YYYH KaH4yanblKk OeHrasange OHou, 6..a. aHblH
KongoHyy4ynyk (usability) TapabeiH DECIDE acnabbl xapaambl MEHEH TeCTUpIiereH.
Tectnpneepe cantka kupyy (log in), danngapabl XYKTee XaHa TyLypyy, CanTTaH
ybiryy CbISTYy OMp KaH4a KepCeTKyyTep apkbinyy BebO CanTTbiH KONAOHYY4YYynyK
KepCeTKYYyH kapan 4blkkaH. XKbIMbIHTbIrbIHAA OMp TON KONAOHyy4vynap nporpamibl
aJdyy, TeKCTU Tepyy, cdanngbl cakToo nporpamgaH 4biryy CbISKTyY apakeTtepau
XeHun gen 1abbIWThl.

(Beer et al., 2010) TapabbiHaH aTkapbinraH nanngeeae, CQ University Moodle TyTymyH
OMpAMKTYY OKyTYyHy Oawkapyy TyTymMy KaTapbl KaOblnl anblHraHgaH KuiumH Oyn
TyTymagarbl 6epunuwitepan KongoHyy JAEHrd9MMH aHbIKTOO YYYyH CTYAEHTTepauH
KaTblWyy KepceTKydy acenTtelkeH. byn amrekte Moodle xxaHa Blackboard okyTyyHy
fawkapyy TyTymaapbiHa KOMAOHyyYynapAblH KAPreH canTTapblHblH OPTOYO CaHbl
(average pages per visit per user), KongoHyyyynapablH canTTa ©TKepreH OpTO4O0
ybakbIT (average time spent on site by users) cbisikTyy kKepcoTkyyTep OotoH4Ya
canbiWwTbipManyy aHanu3 Xypry3reH. XXbIMbIHTbIKTA MyranuMmauvH CTyAEeHTTepauH
cabakka KaTbllyyCyHa XaHa e30eLUTYPYYCYHO Taacupu YoH gen TabbinraH. (Hock &
Mahmud, 2015) oamrermHge Moodle, ILIAS and Atutor oTyTyyHy ©Oawwkapyy
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TYTYMAAPbIHbIH ~ KONAOHYYYYNyK  (aKTOpPfiOPyH aHbIKTOO Y4YYH  WLLCTONyHAaA,
KOMMblOTEPAE TECTUPIEN XKbINbIHTLIKTAPbIH CanbIWTLIPbIPYY MEHEH Oyn TyTyMmaapabIiH
KONOOHYYYYNyK [OEHrdaMNUH KapanraH. canblwTblpMmanyy TecTupnee 6up KaHya
aTanTaH KamTbin, OMp KaH4a KpuTepust GotoH4Ya 6aanoo Xypry3ynreH, XblIMbIHTbIKTA
Hatbimxkaga, ILIAS 6awka aknm LMSke canbiwTbipmanyy macenepau atkapyy YuYyH
Aarbl y3ak yb6akblT nanganaHraHgbirbiH KepeTTy.

3. Usaunpee Metoponorusicol
3.1. Usunpee cypoocy.

XKoropyga antbinraHganm ane, Moodle Tytymy BebGcanT TypyHAe Kypynyn, MHTEPHET
apKblnyy uwteeyy nporpamapik xxababik. lemek, 6yn TyTymay KaH4ya okyydy (CTyAeHT)
KONAOHYN aTKaHblH 4YeHee Y4YyH, Oup KyH xe Oup an mnumHge canTtka O0nroH
Kanpbinyynap apkbeinyy acenteere 6onoT. byn kavpbinyynapabiH CaHbl, TYTyMAYH
adppeKkTnBAYY KOMOOHYNYLIYHYH KOpPCOTKydyy Aecek O0nopyH kampagaH kavTtanan
KeTenu.

An amu BepcanTTapra KOngoHy4YyyHy TapTyy y4dyH, B6yn canT TexHuKanblk Tapantap
KONJoHyyra oHon, 6aT nwiterex, xxaHa Ma3MyHy biHrannyy xauraiukad 6onyLuy 3apbin.
Byn cbiakTyy kepceTkydTep Tyypa xeHgernreH Gonco, 6yn cantrapgbl UHTEpHeT
apkbinyy Tabyy parbl oHou ©Gonmok4y. byn kepceTkydtep, Wsgee Tytymay
OntumangawTbipyy (UTO, SEO - Search Engine Optimization) kepceTky4TepyHyH
apacblHa kupeT. bawkava antkaHga, sgee TytymyH OntumangawTeipyy - 6yn nsgee
canTTapbl apkbinyy wusgeene Beb-CaMTbiHbI3ra KUPreH TPpaUKTUH CaHblH >XaHa
canaTblH  >XOropynatyy npakTukacbl >aHa ©Oyn  apkbinyy Beb-canTTbiH
KONAoHyyYvynapablH caHblH kebenTyy npoueccu. OwoHAyKTaH ©Oyn M3UNAeeHyH
ankarbiHga, OpTto Asusiga xaurawkaH KbelprbidactaH, KasakctaH, ©36ekucrtaH xaHa
TaxuknuctaH mMamnekeTepuHae naHgeMus yvyypyHaa kaHdanblk geHraange Moodle
SNEKTPOHAYK OKyTyyHy 6alukapyy TyTymMy KOSNAOHYNraHbiH, KONAOHYYy4YyrnapAbiH
CaHblIHbIHbI an CamTTblH XOHAeerlyCyyHe ke3 kapaHabl 60nyn-60nboroHy kapanbin
YbIKTbI. M3ungee cypoocy,

NTO  kepceTKyuTepy, AUCTaHTTbik OGunum  Gepyy  canTTapblHa  KUpPreH
KONJoHyyYynapAblH CaHblHa TaaCUpuH TUArM3edmn?

aen Ty3ynay.
3.2. MaTepuangap

BupnHumpgeH, KoiprbisctaH, KasakctaH, ©36ekuctaH xaHa  TagKuKucTaH
memnekeTTepae Moodle TyTyMyH KONAOHIOH OHAOH YHUBEPCUTET TaHAanbIn anbiHabI.
Byn yuyH BuiltWith cepsucu konpgoHyngy (BuiltWith® Pty Ltd., 2020). MNaHpemus
ydypyHAa KaHyanblk geHraange Moodle okyTyy nnartdgopmachkl KOSAOHYNraHbH
Tangoo YYyH YHUBEPCUTETTEP CTYAEHTTEPUHUH caHbl XaHa Moodle TyTymyHa kupreH
CTYOeHTTepAnH caHbl 60KHYa HopManusauus aTkapblinraHgaH kuimH OpTo asus
YHUBEKPCUTTEPUHAE KaHYarblK eHrasanae KongoHynaHblH TangaHraH.

AnTtbinraHgan ane, SEO (Search Engine Optimization) Wagee TyTtymay
ontumangawTeipyy (UTO) KonooHyy4yHYH KOHKPETTYY cypamapbl YYyH u30ee
TYTYMYHYH HaTbIMXanyymnyryH >KakWwbIpTyy MakcaTblHOA WYKM  JKaHa  ThIWKbI
onTUMangalwTbIpyy v-4yapanapblHbiH XbIMbIHAbICE 6onyn acenTtenet. An aMuU UYKK
N3pee TyTymyH onTumangawTbipyyHy 6up 6Genyry uWyknm u3gee  TyTymay
ontumangawTeipyy (On-page SEO): canattyy ma3smyH (content), HTML, meTa gata
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XaHa CanTTbIH XYKTenyy bingamabirsl (Page Load Speed) cbisikTyy napameTprepamn
aHanusgee XaHa aHanu3 Herm3nHae onTuMangawTbIpyy MyMKYHYYITYIyH Ty3yn 6eper.

byn naungeene, NTO kepceTKyuTepyH ybirapyy y4yH Seobility.net 6ynyT cepBUCUHUH
SEO nanbl (score) nikm SEO napameTtpnepu anbiHAbl. byn napameTtpnap katapbl:
meTa maanbsiMmat(meta-information), 6apak canatbl (page quality), 6apak Tyaymy(page
structure), wunteme Ty3ymy (link structure), cepsep xaHa nyku cakropnop. Moodle
OKyYHY Balukapyy TYTYMYH KOJSZOHIOH >XOropKy OKyY annapablH Be6 canTTapblHbIH
SEO aHanusun Seobility.net xxapgambl MEHEH ULLKE aLLKaH.

4. Hatbinxxanap
4.1. Moodle TyTymMy XXaHa cauTKa KMpreHaAepAuH CaHbl

Tanpoo y4yH, Beb® caWTka KupreH KongoHyyyynapabiH CaHbl XKOXpory
CTyOEHTTepAUH caHblHa GenyHreH. byn HopmMangawTbIpyy KapaTtbl 6enrnnyy 60nroH
acntee, Beb canTka KMpreHaepuvaH CaHblH HOpMangawTblpyy YYYyH aTKapbingbl,
aHTKEeHU anpbiM yHMBepcuTeTTepae ballka yHMBepcuTTepre KaparaHga CcTygeHTTep
Ken Gonwy MyMKYH, xaHa anbette 6yn cantka kebyypek Tpaddukke (6.a., kebypeek
caHgarbl KOngoHyydy kupyyre) anbin kenet.  CTyQeHTTEpPAWH CaHbl XXeHYHOe
MaanbiMaTTap enkenepayH bunum 6epyy MUHUCTPRMKTEPWU >XaHa CcTaTUCTUKA
Kbl3maTTapbl 6OepreH adblk MaanbiMat OynaktapblHaH anbiHAbl (©36ekcTaH
PecnybnukacblHbiH CTatuctuka 6otoHya mamnekettuk komutetu., 2019; Kbiprbid
PecnybnukacblHblH  Bbunum  6epyy XaHa wnum  mMuHuctpnurn, 2020). Bupok,
TaxukctangbiH XXOXXgopyHaa CTyoeHTTepAUH CaHbl XeHYHAe adblk MaanbiMattap
XOK 6GonroHayktaH, 6yn mMaanbimMaTTap yHuBepcuTeTTepauvH Beb-canTTapbiHaH
anblHbIN, avpbiM ydypnapga 6ormkonayy caHgap KenTMpUnreH.

BapyynapablH caHbl MeHeH SEO MyHe3gemenepyHyH opTocyHAarbl GamnaHbiWThbl
N3NNOee Y4YYH, Koppensaumsnblk aHanua xyprysyngy. XbIMbIHTbIrbIHA  biNambIk,
KMpreHaepAnH caHbl ThilWKbl hakTopniop MeHeH OarnaHbilwkaH, balwkaya anTkaHga
Beb-canT Haluka pecypcTapaa kaH4arnblK Ken KepCceTyrce, OLLOHYOMYK Ken Kupyy4ynep
6onot. Koppensuusa 0.395 6onco garbl, ctTatucTMkanblk MaaHure 33 6onyn, p = 0.021
(1-Tabnmua) MeHeH aHbIKTanasbl.

1-rabnuua. SEO myHe3gemMenepy XaHa canTka KUpreHaepAauH caHbl XXaHa
canTTarbl KapMmanyy y6akTbICbl KOPpPENAUMUACHI.

KepceTkyutep MeapcoH MaaHunyynyk
Koppensauusacbl OEeHr33nu.
canTKa KupreHgepauH caHbl .395 0.021

(HopmangawTbIpbIfAraH) -
CbIPTKbI dpakTopsiop

canTTa Kapmaryy ybakTbIChbl 339 0.05
- Beb GapakyacbiHbIH

TY3ymy

bawka xarblHaH, canTTa kapmanyy Yyb6aktbicbl Be6 6apakTblH Ty3ymMy MEHEH
Koppensaums aTkapbinraH. [lemek, Beb6 6apakyaHbiH Ty3yMy KaH4anblK »akiwbl 6onco,
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KONAoHyy4yy BebcanTTa OLOHY0NyK ken kupeT; koppenduusa 0.339 xaHa p = 0.05
TY3r6H.

42. Opto Asumaga wmamnekeTTrepu OolwHYa BeO cawTka  KupreH
KONAOHYYyuYynapAblH CaHbIH Tanaoo

BebcanTTapra kupreH kongoHyydynapabiH, 6yn cantrapgablH UTO kepceTky4YTepyHeH
Ke3 KapaaHObUbIrblH Tangoo ydyH Oawkbl Kagamga Bu3yangawTtbipyy acnan
XbIMbIHTBIKTAPbIH CYHMaK4blObI3. 1-cypeTTe KepreHyOy3nemn, KaszakcTtaH »Xoropky okyy
»annapbiHblH Moodle TyTymaapbiHbiHBl UTO kepceTkydTepy xaHa Oyn canmttapra
KMpreH KongoHyyyynapablH caHbl 3H,koropy 6onyn TabbinraH. byn xxepae acke canbin
Kete TypraH Hepce - BebcaWTka KuMpreH  KONngoHyyyynapAblH — CaHbl
HOopMangawTblpbinrad, 6alwkaya anTkaHga, ap Gup CTydeHT cavTka akblpkbl anja
KaH4a XOny KMpreHn opTo4o acen MeHeH Yarbingpipbinrad. Owon ane yvypaa, 3KMH4m
oopyHaa 6yn 3km napameTp 6otoH4Ya Kbiprbi3aCTaHObIH KOTFOPKY OKyy >XannapbiHa
TaaHblablk 6onroH Moodle TyTymaapbl 00pyH anraHbiH kepe anabbi3; 6yn xxepae ATO
ynavblHbiH KasakcTaH canTTapblHa KaparaHga canbiwTbipmanyy oropy 6onywyHa
KapabacTaH, KOnAoHyydyrnapAblH CaHbl anapra canblwTbipMmanyy a3 3KeHWH Aarbl
Kepe anabbid. Bupok, wHOMBMAyanablk canbiwTblpyyra kapanm TypraH 60ncok,
KasakctaH cantTapbiHbiH 3keeHe ©OonroH Tpaduk, XKaHa apkacblHaH TOpPTK
KblpreiacTaHablH OKyy >XamnapblHblH canTTapbiHa 60nroH Tapaduk OOpyH anapblH
Kepe anabbl. ©36eKkncTaHabIH XXOropKy OKYY >XannapblHa TaaHblablk 6onroH Moodle
TyTymaapsbl Tpacdduk 6otoHYa y4yHYY oopyHaa 60nroHyH xxaHa Beb-canttapabiH UTO
ynannapbiHbliH 9H TeMeH 6onroHyH aarbl CypeT 14eH kepcek 60noT.

Kazakhstan i}

1-cypet. OpTo A3ua mamnetTTepuHaern KonaoHyy4ynapabiH
HOpManAawTbipbifIraHcaHbl caHbl XaHa UTO ynanbiHbIH KaTbiwWbl
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OwoHpon ane, keprenybysgen, Cypet 14e GepunreH Bu3yangalitbipyyra »xapatua,
TaXVKUHCTaHObIH ~ XKOTOPKY  OKyYy >KawnapblHa TaaHblgblk 6onroH  Moodle
TyTymaapbiHbiH UTO ynambiHbIH canbiwWTbipMmanyy xoropy 6onywyHa kapabacta,
KONAOHYyYynapAblH CaHbl a3 9KeHVH Aarbl kepe anabbi3.

Byn amblpmanapgblH CTaTUCTUKamNbIK MaaHWNYYNyryH Tekwepyy Y4yH, ap 6wup
MaMSEKETTUH CanTTapbliHblH HOpMangalwTbipbiiraH oOpTo4o Tpaddurk ynannapbiH
canbiwTtbipyy ydyH ANOVA aHanuaa xypry3ynay. XblMbIHTbIrbIHA biNanbIK, »Xanmnbl
arblpMayblnblktapAabiH MaaHucu .001 6ongy. Post-Hoc XbINbIHTBIbI KEPCOTKOHOOW, 9H
Ken kupreH Beb-canttap KasakcTaHOblH YHMBEPCUTETTEPUHUH BEBG-CanTTapbl; OpTO
acen MeHeH anraHga, 6up anga ap 6up KoNAoHyyyy Beb-canTka 52,64 Xony Kuprex.
OH a3 Kupyy caHbl Taxuk Beb-canTTapblHbiH apacbiHga 6ankanraH - ap ©wvp
KONAoHyy4y 6up anabiH numHae camtka 1,15 xony knprex (2-tabnuua).

2-tabnuua. MamnekeTTepre Kapata BebO cauTKa KApPreH KonaoHyy4ynapAabiH
(HopmanpgawTbipbinraH) caHbl Tyypanyy ANOVA aHanu3uHWH XbINbIHTaKTbIPbI

)] OpTtoyo Cra. (J) OpTouo Cta. Maah.

MamnekeT yer. MamnekeT anbipma KaTa.
()

KbipreiactaH  21.34 27.69 ©sbekncTaH 14.34 11.53 .605

KasakcTtaH -31.31* 10.87 .035

TaxunkucraH 20.19 12.55  .389

©36ekncrtaH  7.00 7.08 KblprbiacTaH -14.34 11.53 .605

KasakctaH -45.65* 11.53 .002

TaxukmcraH 5.85 13.12 970

KasakcTtaH 52.64 34.08 KbiprbizctaH 31.31* 10.87 .035

©36ekncTaH 45.65* 11.53  .002

TaxukncrtaHn 51.49* 12.55 .002

Taxukmuctan 1.15 1.29 Kblprbi3cTaH -20.19 12.55 .389

©36ekucTtaH -5.85 13.12 970

KasakctaH -51.49* 12.55 .002

*. OpTo4o anbipma 0,05 geHrasanuuge onyTTyy.

OH YOH, arblpMayblfbIK Ka3aK >XaHa TaXWK YHUBEPCUTETTEPUHUH Beb-canTTapblHbIH
OPTOYO CaHblHbIH opTocyHAa 6onroH - 51.49 kupyy avbipmacsl. Kasak xxaHa Kblprbi3
YHUBEPCUTETTEPUHUH Beb-calTTapblHa KMpreHaepauH opToYvo arblipMaydblibirbl SH
TemeH 6onroH - 31,31. KaszakctaHablk Beb-cantrapabiH 6allka y4 mamnekeTTuH Beb-
canTTapblHa KupuwmHaern 6yn anbipmaybinbiKTap CTaTUCTMKANbIK XXakTaH MaaHunyy
aen Tabbinapl.

5. KopytyHay

byn uanngeeHyH makcaTbl - bopbop AsusHbiH TepT mamnekTTepuHgern Moodle
nnatcpopmanapbliHbiH - KONAOHYNyLW  e3reyenyktepyH Tangoo 6onroH. Moodle
TyTymgapbiHblH UTO 6GannblHbIH - YHUBEPCUTETTE OKyraH CTyAeHTTepauH 6yn
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calTTapabl KaH4anblk [OeHraange KongoHoopyHa OONroH Taacupu Tangadgbl.
OwoHgon ane, ap Kawncebl ernkernepae Moodle KonAoOHYYHYH awnbipmMaydbinbirb
nanngeHreH. XXbIMbIHTbIKTapra apaiwia, OKyTyyHy 0Oallkapyy cauTbiHa KupreH
CTYOEHTTEPANH CaHbl, CbIPTKbl (bakTopriop katapbl GunuHreH Byn canTtka KaH4anbliH
AeHraange 6Gawka OynakrapgaH wwuntemenep 6epunreHaMrn MeHeH Ty34eH Ty3
GannaHbiwbl 60NroHy aHbikTanabl. MblHAAH ThiWKapbl cakTTa kapmanyy ybakTbiChbl
(Visit duration) - Be® 6apakyacbiHbIH TY3yMYHe >Kapalla 9KEeHAUINH Tangoo
XbINbIHTbIKTAPbIHAH YbIrbiM KEMFEHNH Kepe anabbis.

XKoropyga antbin keTkenHgew, ap Oup nporpamabik XKabAbIKTbIH - MATUIUKTYY
KonaoHynyuwy - 6yn xxababikka 60MAroH Kanpblnyynap MEHeH acenTenuHeepy MaanbiMm.
CanTTblH bIPACTOONIOPY >KaHa KOHTEHT canaTtbl XOoropy ©6onyuwly, yHuBepcuTeTTep
TapabblHaH kongoHynraH Moodle TyTymaapbiHa CTyOeHTTEPANH KbI3bIrYyCyH apTTbipa
TypraHblH anTta anabbi3. 3repae Oyn KepceTKyuTep KONMAOHYyy4dyrnap YYYH bIHrancbi3
bono TypraH 6onco, aHga MyraanuMmep XaHa oKyydynap 6aluka TexHonorusnap
apkbinyy (Mucanbl naHgemus ydyypyHga ken kongoHynraH WhatApp, Telegram
CbISIKTYY Te3 kabaprallyy KelamaTTapbl e 3-KypXXyHAapAblH) OKYTyYy MaTepuangapabl
Genywyyre apracbi3 6onywat. byn vamngeene anbiHraH XblMbIHTbIKTApra TagHbIM,
OHNanH 6unmum GepyyHy OKyTYyYyHy Ballkapyy TyTyMy apkbiiyy 6epyyae sH UArUAnKTYY
npakTuka Kasak yHnBepcuteTepmHae eTkepynyn atkaHblH kepe anabbl3. bupok Taxuk
XKOrOpKy OKYY >KannapblHblH CanTTapblHa Kapan, MapKeTUHI CcTpaTernsanapbiHbIH XXaHa
OKyTYy4y nepcoHan aHa CTydeHTTepavH MaanbiMaT XaHa kabapnaiuyy
NMHPACTYKTypacbliHa XXeTYY MYMKYHUYIYKTOPY Aarbl 3CKe asblHbIlWbl Kepek 6BOMroHyH
anta anabbi3.

N3nnpeeHyH vekTeenepy kaTapbl, U3ungeene KamTbinraH enkenepaery maanbimat
XaHa kabapnallyy MHpacTykTypachl Tyypanyy manbiMaTTapgbliH Tangoono acenke
anbiH6araHgbIrbIH anTa anabbl3, XaHa KMAWMHKKM m3ungee barbiTbl kKatapbl 6yn Typ
Tanaoonop MLKe awbipbifia TypraHbiH NnaHganyyaa.
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Yapay Zeka Yontemleriyle Ustyapi Performans Tahmini
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Ozet: Artan arac sayisina bagh olarak karayolu ihtiyacinin planlanmasi, mevcut
karayollarinin hizmet kabiliyetini koruyabilmesi ve bakim onariminin yapilabilmesi
icin Ustyap1 ydnetim sistemi kullanilmasi zorunlu hale gelmektedir. Ustyapi Yénetim
Sisteminden tam anlamiyla yararlanabilmek icin karayollari aginin gelecegi
hakkinda guvenilir ve dogru tahminler yapmasi beklenmektedir. Performans
gOstergeleriyle yapilacak dogru tahminler sayesinde kisith kaynak ve butgeyle
yapilacak yatirnmlar anlamh ve zamaninda yapilmis olacaktir. Teknoloji ¢cagiyla
birlikte veri madenciliginin uygulama alanlari her alanda gelisme gdstermektedir.
Genellikle tahminle ve siniflandirma yapan birgcok veri madenciligine dayali
uygulamalar bulunmaktadir. WEKA veri madenciligi alaninda Ucretsiz ve agik
kaynak kodlu siklikla tercih edilen uygulamalardan biridir. Bu ¢aligma ile Weka ile
Ustyapr yonetim sistemi icin Ustyapr performans modelleri gelistiriimigtir.
Ustyapilarin performans gdstergesi olarak kullanilan degerlerden uluslararasi
diizglinsuzlik indeksinin (IRI) verileri toplanarak degerlendiriimistir. Modellerde
kullanilan veriler Herguner (2009)den elde edilen verilerdir. Modellerin girdisi
olarak Uzerinde arastirma yapilan yollardaki bozulmalara sebep olan etkenler
incelenmistir Weka programi kullanilarak veriler analiz edilmigtir. Dlzgunsuzlik
degeri olan IRl degerinin tahmini icin Regresyon analizi, yapay sinir aglari
ydntemlerinden faydalanilarak Ustyapi performans tahmin modelleri geligtirilmistir.
Olusturulan modellerin ¢ikti degeri olan IRI degeri gergek degerlerle kiyaslanip
yakin sonugclar elde edilmigtir.

Anahtar Kelimeler: Yapay zeka, Veri madenciligi, Weka, Ust yapi yonetim sistemi

1. Giris

GUnumuz teknolojisi ile birlikte Ulkelerin gelismislik dizeyinin belirlenmesinde ulagim
oldukga etkilidir. Bu nedenle yapilan yatirimlar ¢ogunlukla ulasimi kapsamaktadir.
Gerek sehir ici gerekse sehirlerarasi ulagsim oldukg¢a énemlidir (MOROVA et al., 2013).
insanlar farkli ulagim yollarini tercih ederlerken yer, konfor, giivenlik ve hiz gibi konular
g6z 6nlune almaktadirlar. Bu nedenle ulagimi saglamada aktif olarak tercih edilen
karayolu aglarinin guavenligi ve konforu saglamasi zorunludur.

Bilinen en temel ulagim turlerinden olan karayolu ulagimi otomotiv teknolojisinin de
gelismesiyle birlikte artan tasit sayisina bagl olarak karayoluna daha cok ihtiyag
duyulmustur. Bu karayolu gereksinimini kargilamak icin artan Ust yapilar ve bozulmaya
maruz kalan yapilarin bakim onarimi i¢in Ustyapi yonetim sistemi olusmustur. Gegen
her sene mevcut yollara eklenen yeni yol aglariyla toplam yol uzunlugu artan
karayollari aginin bakim onarim igin fazlaca butgeye ihtiya¢g duydugu asikardir. Bu
yuzden asfalt betonuyla kaplanan yollarin sinirli kaynaklari en verimli bicimde kullanip
Ust Yapi Yénetim Sistemini kullanmasi kaginilimazdir.

Karayollari Genel MauadurlGgunin gorevi ise suruculerin isteklerini karsilayacak,
guvenilir, rahat, guncel ihtiyaglara cevap verebilen, yasalar ile yetkilendirilip bu
dogrultuda il ve devlet yollarini hazirlamak, her durumda kullanilabilir oldugundan emin
olup bakimini ve onarimini yapmak amaciyla tlkenin kalkinmasina yardimci olmaktir.
Karayollari Genel Mudurlugu, kendisine ayrilan butge ile karayolu yatirmlarini en
verimli sekilde kullanmasi gerekmektedir.
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1960l yillarda var olan kaynaklarin en dogru sekilde kullanilmasiyla ortaya ¢ikan
ustyapi yonetimi otomobil sektorindeki gelismelerle birlikte dogan karayolu ihtiyaci ve
var olan yapilarin zamanla bozulmaya baglamasi ile Ustyapi yonetimi zorunlu hale
gelmistir (Haas et al., 1994). Ustyapinin durumunu belirlemede ilk olarak gorsel
degerlendirmelerden faydalaniimistir. Sonraki yillarda ise goérsel degerlendirmeler
yerine deneysel yollar tercih edilmistir. Bu amacla yapilan tahribatli deneylerin guglugu
ve bazi sikintilari sebebiyle ise tahribatsiz deneyler gelistiriimigtir. Fakat yapilan bu
deneyler her ne kadar Ustyapinin durumunu ve gucunu gosterse de surus konforuna
dair sonu¢ verememektedir. Bu amagcla ilk olarak 1956-1960 yillarinda ABD’de
Amerikan Karayolu ve Ulastirma Tegkilati AASSHO Road Test ile Ustyapi Uzerinde
tasit ile seyahat ederken verdigi puanlamalarin ortalamasini kullanan bir gosterge
fikrini 6ne surmuslerdir. Ancak bu degerlendirme degisken olabilecegdi igin Ustyapi
sirketleri daha sabit ve guvenilir ydontemleri kullanmak istemiglerdir. 1960-1970
yillarinda ilk geligtirilen UYS den en kapsamli olani “project123” adiyla Teksas
Universitesi ve Teksas il Ozel idaresinin ortakligiyla yonettigi sistemdir. 1980 yillarda
ise oldukga az bolgede UYS kullanilirken ginimiizde 50’yi agkin bolge Ust Yapi
Yénetim Sistemi kullanmaktadir (HergUner and AGar, 2011).

Ust Yapi Yoénetim Sistemi ilk dlgimlerinde performans tahmin faktdri icermiyordu.
ilerleyen zamanlarda sadece (st yapinin yasi gibi bir etkene bagl en basit diizeyde
performans tahmin modeli gelistirildi. Su anda ise uygulanan modellerde iklim durumu,
trafik yuku gibi degiskenlere ait veriler kullanilarak farkli performans tahmini yapildigi
gibi mekanik prensiplerle galisan modellerde mevcuttur. Yapay zeka teknikleriyle
uygulanacak olan modeller ise gelecedin beklentilerindendir. Basaril bir sekilde
calisacak olan Ust Yapi Yonetim Sistemleri icin yalniz ingaat miihendisleri degil sistem
muhendisi, bilgisayar mihendisi, finans uzmani, ekonomistler gibi farkl birgcok alandan
isin uzmanlarina ihtiya¢ duyulmaktadir.

Bu calisma ile Ustyapi yonetim sistemi igin Ustyapi performans modelleri gelistirilmistir.
Modellerin girdisi olarak Uzerinde arastirma yapilan yollardaki bozulmalara sebep olan
etkenler incelenmistir. Ustyapi performansina etki eden verilerinin iklim ve trafik
verileriyle iligkisi arastiriimistir. Bu sayede, performans gdstergesi olan degiskenin,
bozulmaya etki eden degiskenlerin hangisiyle daha yakindan iliskili oldugu ortaya
cikarilmistir.  Ustyapilarin  performans géstergesi olarak kullanilan degerlerden
uluslararasi duzgunsuzluk indeksinin (IRI) verileri toplanarak degerlendirilmistir.
Modellerde kullanilan veriler (Herguner, 2009)'den elde edilen verilerdir. Weka
programi kullanilarak veriler analiz edilmistir. Duzgunsuzluk degeri olan IRI degerinin
tahmini icin Regresyon analizi, yapay sinir aglari yéntemlerinden faydalanilarak
ustyapr performans tahmin modelleri gelistiriimigtir.  Geligtirilen modellerin
performanslari korelasyon katsayisi R, kdk ortalama kare hata (Root Mean Square
Error, RMSE) ve ortalama mutlak hata (Mean Absolute Error, MAE) degerleri
gOsterilmistir. Sonug olarak olusturulan modellerin ¢ikti degeri olan IRI degeri gergek
degerlerle kiyaslanip yakin sonuglar elde edilmistir.

2. Materyal ve Metot

Veri madenciligi verilerden bilgi edinme amacli kullanilan tekniklerin butindur. Yapay
zeka algoritmalariyla birlikte istatiksel analiz teknikleri bir arada kullanilarak veri
icerisindeki sakli bilgilerin agiga ¢ikarilmasi saglanmis olur. Veri madenciligi
uygulanmasi kapsaminda birgok ticari ve agik kaynak kodlu programlar mevcuttur. Bu
calisma ile de Veri madenciligi programlarindan Weka kullanilabilir ve kolay
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anlagilabilir olmasi agisindan tercih edilmistir. WEKA programi Yeni Zelanda’'da bir
proje olarak baslayip Waikato Environment for Knowlege Analysis kelimelerinin bas
harflerinden olusmaktadir. Weka Uzerinde makine 6grenmesi ve istatistik ile ilgili pek
cok kutuphane hazir olarak gelmektedir. Veri on iglemesi, regresyon, siniflandirma,
gruplandirma 6zellik segimi gibi kituphanelere ¢ok kolay bir sekilde erigilebildigi igin
tercih edilmistir.

Ust yapi yénetimi ag dizeyinde ve proje diizeyinde olmak Uzere iki asamada
uygulanmaktadir. Ust Yapi Yénetim Sistemi icin bir nevi veri tabani olusturan ag
dizeyinde analiz mevcut durum degerlemesi yapip planlama amach kullanilir.
Yapilmasi gereken yollarin ayrintili projelendiriime yapilmasi iginse proje duzeyinde
analiz yapiimaktadir (Kirbas, 2007).

Duzgunsuzluk bir Ustyapinin bozulmasinda kullanilan en 6nemli degerdir. Kabaca
duzgunsuzlik kavrami yolu kullananlarin surus kalitesi ve konforu tarafindan memnun
kalip kalinmamasi olarak tanimlanmaktadir. Bu memnuniyet sdricinin ya da
yolcunun tahammuli, aracin 6zellikleri ve hiza bagl olarak degisebilmektedir. Yapilan
arastirmalar sonucu yuzey dizgunsuzligu yollarin hizmet kabiliyetini buylk olgide
etkilemektedir. IRI degeri profilometre yardimiyla dl¢timektedir.

1 (L/S
IRI == ["1Zs — Z,]dt

IRI Duzgunsuzluk degeri m/km,

L profilin uzunlugu km,

S modellenen hizdir 80 km/h,

Z¢ hareketli kutlenin yuksekliginin zaman turevidir,

Z,, hareketsiz kitlenin yuksekliginin zaman tirevidir (Morrow, 2006).

Performans modellemesi Ust yap! yonetim sisteminin dmrunu, tasarimini ve finansal
etkisini Gnemli derecede yonlendirir (Serin, 2009). Bu bakimdan ag duzeyinde analizde
oldugu kadar ve proje duzeyinde analizin de yapi taglarindandir. Yollarin performansini
koruyabilmek igin Ust yapinin performans ve bozulma tahminini en hatasiz oranda
bulabilmek gerekmektedir.

Herhangi bir yol kesiminin Ust yapisinin gelecekteki durumu ayni zamanda
incelenemeyecegi icin tahmin edilebilir olmalidir. Performans egrileri kullanilarak belirli
bir zaman i¢in bu tahmin yapilabilmektedir. Klasik bir performans egrisi yolun
gelecekteki bozulmasina gére bakim onarim zamanini gostermektedir. Bu egri ile
rehabilitasyon seceneklerinin de etkisi gorilmektedir. Ust yapinin émriinii de etkileyen
bu bakim stratejileri asagidaki sekilde gosteriimektedir.
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Tyilestirmeden sonraki performans egrisi
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Sekil 1: Ustyapi performans egrisi (Hergiiner,2009)

Ozetle dogru veri tabanina sahip (yapim tarihi, IRl degeri, YOGT vb.), bozulmayi

etkileyen degiskenleri ve oOlgltleri olan bir Ust yapi mevcutsa bir tahmin modellemesi
yapilabilmektedir (Terzi, 2006).

Modelleme vyapilirken Regresyon, Yapay Sinir Aglar kullanilarak performans
gOstergesi olarak secgilen IRl degeri tahmin edilmeye c¢alisiimistir. Modellerin
olusturulmasinda Weka Programi kullaniimigtir.

Veri setleri olusturulurken performansa etki edecegi bilinen parametreler segilmigtir.
Korelasyon matrisi sonucu trafik verileri, iklim bilgisi, Ustyapi kalinhigi gibi Gstyapinin
bozulmasinda etkisi dusunllen parametreler modelin girdisi olarak kabul edilmistir.
Modelin ¢iktisi ise belirtildigi Gzere IRI degeri olacaktir.

Performans tahmininde kullanilan yontemlerden bahsedecek olursak;

Regresyon Analizi: Regresyon igleminin amaci bir veya daha fazla parametrenin bagka
parametreler yardimi ile tahmin edilmesini sadlayan iligkileri arayip bulmaktir (incegiil,
2010). Oncelikle kullanilacak olan bagimli degiskeni bagimsiz degiskenler yardimi ile
belirlenmektedir. Burada dikkat edilecek husus bagimli degiskenin dogru olmasi ve
bagimsiz degigkenlerin de seciminde ise ilgili degigkenlerin secilmesi oldukga
onemlidir. Secilen degiskenler ile bagimh degiskenin arasindaki iligski korelasyon
katsayisi R ile gosteriimektedir.

Yapay Sinir Aglari: Yapay sinir aglari ile dis ortamdan yani egitim orneklerinden gelen
girdiler agirliklar yardimiyla hicreye baglanip toplama fonksiyonu yardimiyla toplam
girdi hesaplanir toplam girdi aktivasyon fonksiyonundan gegerek c¢ikti hesaplanmig
olmaktadir (Oztemel, 2003).

47
TURK-COSE 2021 | Book of Proceedings



lil. International Turkic World Congress on Science and Engineering
14-15 June 2021, Nigde - Turkey

pefarmans

Sekil 2: Weka’da modellenen YSA mimarisi

3. Bulgular

Ustyap! performans gostergesi olan IRI icin kullanilan algoritmalar; Regresyon
modellerinden dogrusal regresyon ve basit dogrusal regresyon ve yapay sinir aglari
kullanilmistir. Tabloda bu c¢alismada kullanilan algoritmalarin  performans

karsilastirmalarina yer verilmistir. Bu tabloda dlglilen parametreler R, MAE, RMSE
degerleridir.

n
1
RMSE = EZ(Yt(bl(;ﬁlen) — Yetmoden))?
=1

n
1
MAE = EZ'Yt(élgﬂlen) _Yt(model)l
t

R MAE RMSE
Dogrusal 0.9482 0.1484 0.1904
Regresyon
Basit Dogrusal 0.9569 0.1207 0.1778
Regresyon
8.2.1 log 0.9331 0.39 0.5223

Tablo 2: Modellerin WEKA analiz sonucu
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Grafik 1: En iyi model ile gergek degerlerinin grafigi
Gergek Dogrusal Basit 8.2.1.log
IRI Regresyon  Dogrusal
Regresyon
1.45 1.41 1.44 1.45
213 2.1 212 2.1
1.18 1.18 1.19 1.19
1.81 1.79 1.81 1.80
0.77 0.82 0.77 0.82
2.64 2.52 2.63 2.59
1.53 1.52 1.52 1.51
1.68 1.68 1.69 1.70
1.33 1.30 1.32 1.34
1.68 1.70 1.71 1.72
Tablo 2: Tahmini degerlerle gercek degerlerin karsilastiriimasi
4. Sonuglar

Karayollarinda yapilan ¢alismalarin daha az butgeyle yapilmasinin yollari aranmakta
olup bu baglamda mevcut yapilarin tekrar yapiimaktansa yenilenmesi onarilmasi gibi
calismalara daha gok onem verilmistir. Bunu saglamak amaciyla yol aginin buyuk
gogunlugunda Ust Yapi Yénetim Sisteminin (UYS) uygulanmasi mecbur kilinmigtir. Bu
amaglanan hedefe ulagmak igin, UYS bir yol aginin gelecegi ile ilgili dogru ve giivenilir
performans on tahmini yapmalidir. Bu nedenle, periyodik olarak olgulen Ustyapi
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mevcut performanslari  degerlendirilerek Ustyapi Bozulma Tahmin Modelleri
gelistirilmigtir.

Yollarin performansinin degerlendiriimesi sirasinda IRl sonuglari, yol boyu yapilan
bozulma etatleri, kisim kisim yapilan iyilestirmeler dikkate alinmistir. Regresyon
analizi, yapay sinir aglari modelleri kullanilarak olusturulan bozulma tahmini
modelinden ¢ikan sonuglar ile gercek dizgunsuzlik dlgumleri kiyaslanmistir. Yapilan
korelasyon matrisi sonucu incelenen bozulma tahmin modellerinde giris verisi olarak
trafik verisi olarak Ustyapidaki bozulmalarin sebebi olan esdeger standart dingil yuku
T_8.2 iklim verileri, Ustyapi kalinhdi ve zeminin durumu gibi tim etkenler modelin girdisi
olarak dikkate alinmigtir. Modelin ¢ikti verisi dizgunsuzIik degerleridir.

Yapay sinir aglari, regresyon yontemlerinden basit ve dogrusal regresyon modelleri
kullaniimistir. Bahsedilen yontemlerin Weka analizi sonucu arastirma bulgulari
gosterilmistir. Performans tahmin modellerinden bahsedilerek ¢ikan sonuglar ve hata
oranlarina detaylica yer verilmistir. TUm performans modellerinin kiyasi yapiimig olup
en iyi modele karar veriimeye calisiimistir. Sonug¢ olarak elde edilen verilerin
neticesinde modelin yeterliligini gosteren R degerine gore en uygun modelin basit
dogrusal regresyon modelidir.

Calismanin sonucu olarak surlse en ¢ok etkisi olan parametreler ve acil onarilmasi
gereken yollarin kesimleri bulunmustur.

Tesekkur
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Hon6oopro 6arbiTTanraH okyTyy bikMacbiH "lporpammanbik
UHXeHepua" cabarbiHAa KONAOHYY

YuHapa XKymabaeBa
Kbiprei3-Typk MaHac YHuBepcutetu
chinara.jumabaeva@manas.edu.kg

A6cTpakT: Makanaga [onboopro Herm3gernreH oKyTyy bikMacblHbIH (project based
learning) KongoHynyLy, aHbIH BGepreH HaTbIkanyynyry kapanraH. byn bIkMaHbIH
KOMAOHYMYLIYHYH Xeke yyypy kaTapbl Keiprbld Typk MaHac YHUBEPCUTETUHMH
«Mporpammanblk HxeHepusy» cabarbiHbiH KypaMblHAa KOMAOHYIYM Kene arar.
blkmMaHbIH KONAOHYYHYH HaTbIMmKanyynyryH 6aanoo y4yyH aHkeTanblk CypamxXblioo
aHa ywyn cabakTbl OKyraH CTyAeHTTep MEHEH MaeKTeLLyyY Xypry3ynay. AnbiHraH
XKbIMBIHTBIKTApAblH Tangoocy Oyn blkMa HaTbixanyy 3KeHOWUMWH XaHa 6usHec
©KYNAepyH TapTyy MEHeH aavCTewTMpyy OUCUMNNnHanapbiH YAPOHYYAe KeHVpH
XanbINTyy YYYH CYHYLI KblfibiHA TypraHabirblH KepceTTy. OLWeHTUM, XOropKy OKyy
XannapblH askTaraHgaH KuivH, GyTypyyyynep kaanaraH KelamaTTapra Tanwbipa
anbilwaT XaHa Kolymya 6unum anyy ydyH ybakbITTbl TEKKe KeTUpOenT.
Keywords: gonboopro HermsgenreH OKYyTYY, OKyYyTyy bIKMacbl, YHUBEPCUTET,
nporpammarbiK MHXeHepusi, peangyy Jonooop.

1. Kupuwyy

Makanaga [on6oopro HernsgenreH OKyTYY bIKMacbiHbIH KOMAOHYY Taxpblibachl
KapanraH. [lon6oopro HerusgenreH OKyTyy [AOYWHenyK npakTukaga KongoHysrad
blkmanapablH 6upu. blkMaHbIH HEMM3r MaHbI3bl - CTYAEHTTEP NPaKTMKamnbIK MaceneHu
YyeyuweT, aHbl Yeuvyyae CTydeHTTep aaucturn 6otoHua cabakTapAbl OKYYHYH
HaTblKacblHAa anraH 6apablk OUNMMKH ULL XKY3YHOe KONAOoHYyLaT.

Byn bikma XVI-XVII kbineimgapga paHumnana xaHa tanvsga apxutektypa MeHeH
KypynywtapMmakTtapbliHga KongoHyna 6aiwitaraH.

Bunum 6epyy TapmarbiHOa KONAOHYYHYH 6GawwTanbiwbl Hbto-Mopkto XIX-kbinbimaa
oonyn acentener.

20-kbinbiMaa 6yn bikma AKLLaarel arbin yapba mektentepuHae kongoHyna 6awraraH.

MaanbiMaTTbik TeXHonorusnap aatblHga Oyn bikma 10 XbingaH Oup a3 albIk
ybakbiTTaH 6epu KONAOHYNyN Kene xartar.

CoetTtep Cot3yHaa 6yn bikma Gawka dopmaga kongoHynyn kangel. Jon6oopayk
blkMa 3Mrek, nabopaTtopusinblk, M3uNgee kaHa Oawka blkmManap MeHeH
anMawTbipbingpl.

Hon6oopro HernsaenreH bIkMaHbl KONAOHYY KONTOreH U3nngeeyynepayH Kbi3biryycyH
TyyaypaTt. byn bikMaHbIH aHblKTaManapbl XXaHa KONAOHYYHYH ©3reqenykTepy XeHyHae
Ken gereH makananapgaH okyyca 6onot, mucanbel (Kokotsaki, D., Menzies, V., &
Wiggins, A. (2016)). AipbiM nsungeenep MyranuMaepaviH, CTYAEHTTEepAMH XaHa
OyTYpyYy4YynepayH ywysn bikMaHbl KabblgooCyH usungeere apHanraH (Lee, Peiyu,
(2010). Gergert D. V., Artemyev D. G. (2019), NaHcyap, K. et al. (2015), Shin, Myeong-
Hee. (2018)). Stephanie Bell (2010), Vicki-Lynn Holmes & Yooyeun Hwang (2016),
Kurzel, F., & Rath, M. (2007). [darbl KbI3bIKTYy u“3ungeenep ap kaHgawm enkenepae
KONOOHYYy  TaxpblinbacbliH, OLIOHAOW  3fe  MOCTCOBETTMK  MamrekeTTepae
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KongoHynywyH unaungee. (Kazun &Pastukhova, 2018). Byn bikMaHbl MHXeHepauK
afNCTUKTEP YYYH KONMAOHYY MYMKYHYynyry esyHye kapanart (Mills, J. E., & Treagust,
D. F. (2003). KomnbloTepauk agucTukTep ydyH gonboopro 6arbiTTanraH blKMaHbl
KONngoHyyra esrede keHyn OypynaT, aHbl KOMAOHYYHYH  ©3revenykrepy,
apTbIKYbINbIKTapbl XXaHa kemunnuktepu nanngexreH (Pucher & Lehner (2011)).

Kblprbi3acTaH NOCTCOBETTUK MaMriekeTTepanH 6upun 6onyn caHanaT, aHga anrad ywyn
blkMaga HermsgenreH TYLWYHYKke O0nboopayK OKyTyy KUPrusumireH amec. ByryHky
KyHOe pecnybnukaga 5046H alubik XXOropKy OKyy Xawnnapbl 6ap, anapabl askraraHgaH
KWANH aguctepanH ounumn xymyw GepyydynepayH TanantapbiHa koon 6epbenT.
MaanbiMaTTblk TeXHOMorMsnap aartblHga, >XyMyllka OPHOLIKOH agamgapablH
nanbi3bl 6up TON Xoropy. Keiprbida PecnybnukacbiHbiH bunum 6epyy xaHa MagaHuaT
MUHUCTPAUIMHMH ~ MaanbiMaTbl  OotoH4a, OyTypyyyynepayH 80%-4aH  awbirb
YHUBEPCUTETTM OYTYPreHAeH KUAMH Xymylika opHowywaT ((3. Yybykosa) , 2017)).
Bupok, 6angap kebyHYe >KyMyLUKa OPHOLUKOHAOH KUMWH KEPEeKTYyY KeHOyMOepre 33
OonyL yYyH XaHa OKyy yyypyHOa TaaHbllwyyra MyMKYH4Yynyry 6onboroH tuelenyy
TexHonornsanapabl XaHblgaH OKyn e34eLTypywy Kepek. XKOropky okyy xannapablH
OYTYPYYYYNepyHYH NOpTAONMOCcyHaa OKyy YyyypyHAa atkapraH gonboopnopayH
Gonywy anapra XyMyLUKa OpHOLIYyda XXOropKy MO3uUMsIHbl 335166re MYMKYHYYITYK
Gepet. Jonboopro HernsgenreH bikMaHbl KONAOHYY MEHeH, ByTypyyyynep Kowymya
OKyTyyra ybakbIT KOPOTNOCTOH A4ap0oo uwTen 6awTooro MyMKYHYyIyK 6eper.

MakanaHbl »a3sbin xaTtkaH ydypaa KbelpreidactaHga gonboopro 6arbitTanraH bikMaHbl
KONAOHYYHYH Taxpblbachl XXeHyHAe MaarnbiMaTTbl U34ee HaTblka 6epreH oK.

N3nnpgee y4yH TeMeHKy rmnoTesanap YbirapbiiraH:

1. [don6oopro kaTbllyy akagaeMuUanblK XXeHgeMaepay epKyHaeTyyre ebenre Ty3eT

2. [Jon6Goopro kaTtbilwyy 3apbil TYPMYLWTYK KeHAyMAepAy anyyra MYMKYHOYK
OepeTt

3. Hon6oopro KaTbllwyy MHCAHALIK canaTTapAabl ©pKyHAeTyyre ebenre Ty3eT.

4. [on6Goopro kKaTblllyy Kere4yekTern Kawooro aHa ublrapmaybliibliKka
binambIKTawwyyra xxapgam bepet

5. [lon6oopro kaTbiwyy 3apbinl GONrOH KecunTUK KeHaymaepre 33 Gonyyra
MYMKYHYYNyK 6eperT.

2. KonpgoHynraH matepuangap »KaHa biIkmanap

N3nnpeeHy aTtkapyy y4yH apanaw blikManap KongoHynraH. Anap cypamXblfTOOHY
OTKepYY kaHa Maek (MHTepBbl) Kypyy. Byn bikmanap Tonyk maanbiMaTt Yoryntyyra
MYMKYHYynyk 6epeT. CaHabIK kaHa TONyKToo4y 6epunuiutep aHanm3geHnn YblKTbl.

Hdon6oopro HerusgenreH bikma  Kbelprei3-Typk  "MaHac"  YHUBEpPCUTETUHWH
KomnbtoTepank wunxeHepuss OGenymyHge 2013-xbingaH 6epu  "lporpammanbik
nHxxeHepus" cabarbiHga KongoHynyn kenet. WMsungeere kaTbllkaHgap  ywyn
cabakTblH YernHae gonboopnopay atkapyyra katbiwkaH ctygeHTTep. [lJonbooprnopay
aTKapyy Y4yH cabaktap TOMeHKY MnaHra biranblK 6TKepynyy:

1. JonBoopnopayH MakcaTbIH TaHOOO.

2. KomaHganapgb! Ty3yy, KOMaHgagarsl pongopay 6enywtypyy.

3. NporpammansIk XababIKTbl ULITEN YbIryy LMKAUMHWUH Bapablk aTanTapbiH aTkapyy.
4. Nasp gon6oopay CyHYLUTOO.
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XKannbicblHaH anraHga 7 XbingblH nMyanHae ©Oyn cabaktel 170 OKyyyy anraH.
Cypamxbliriooro 32 agam KatbiwkaH. AnapabiH ndmHeH 38% okyyHy asktaraH, 59%
ydyypga  GakanaBpuatTblH  cTyaeHTTepu, 3%  Maructpatypaga  OKyLwiar.
PecnoHgeHTTEpavH 75% apkek 6bangap, 25% kbidgap Ty3eT.

CypamXbInoo KepceTynreH Makanagarbl OepurnreH CypamXbliloo CypOOSIOPYHYH
HernsnHge vwtenun vbikkaH (Lee, Peiyu, 2010).

3. AubinbiwTap

Xoropyoa kepceTynreH runoTtesanapdbl TeKlWepyy MakcaTblHOa TeMeHae
KepCeTYIreH cypoonop 6epunau.

TemeHgery yd4 Genykyere (Akagemusanbik xxeHaemagep, Typmyw xeHgempgep, YKeke
canaTtTapbl) Cypoonopro xoon 6epreHge cTyaeHTTep 6epunreH Gungupyynepay es3
Ke3 kapalubl 6otoH4Ya 0geH 5ke YeNnnHKM LWKanaHbl KongoHyn 6aanalThbl:

0 = yMpeTynreH XokK, 1 = 9H amaH, 2 = amaH, 3 = KaHaaTTaHAblpapsibiK, 4 = XaKLbl,
5 = 3H XaKLubl

AkagemMusanbIk XeHOoemMAaep

1-xagblbanga akageMusanblk XXeHaemaepay OHYKTYpyyre [onboopro Hermagenred
bIKMa MYMKYHYYITYK 6epyyCyH aHbIKTOO MakcaTtbliHAa cypoonop 6epunreH. Koontopay
Kapacak, 3H MaaHusyy XXeHaemaep TeMeHKynep 6onyn YbikTbl: “ap kaHgaun Kelpgaanga
©3 naesHbI3abl TYTyMAawWTbIpyy XaHa Tyypa cyHywTtoo” (M=3,94), “e3 onnopyHy3ay,
naesnapbiHbi3fbl, MaanbiMaTbiHbI3Abl XaHa OuNaupyynepyHy3ay >kasyy Xy3yHae
onngupe bunyy” (M=3,82), “cabakTta 6epunreH MmaanbiMaTTbl Ye4MENOe XaHa Tangoo”
(M=3,79).

Xapgbi6ban 1 AkageMmusanoik XxeHgemaep

"MporpammansbIk MHXeHepusa" cabarbiHaH M SD

aonodoopro HernsaenreH metoany KONAoHyy
Mara TOMeHKynepay yYnperTry:

cabakTta 6epunreH MaanbiMaTTbl YEYMENeo XaHa

3,79 1,34
Tangoo
ap KaHgam Kelpgaanga e3 uaesHbi3abl 304 150
TYTYMOALWTLIPYY XaHa Tyypa CyHYLITOO ’ ’
anblHraH TEKCTTEH HEermary naesiHbl XXe MaaHunyy 3.73 1.46

OMNAnpyyHY HaTblKanyy aHblkTam éunyy
©3 ONNopPYHy3ay, naesnapbiHbI3abl,
MaarnbIMaTbIHbI3[bl XXaHa OunanpyynepyHy3ay 3,82 1,40
Xasyy XysyHge éungupe éunyy

HErm3rn caHablk TYLWYHYKTOPAY KONOOHYYra;
bINanbIKTYy MaTemMaTuKanblk bIkManapabl TaH4oo;
MaanbiMaTTapabl KepceTyy Y4yH Tabnuuanapabl,
rpacpukTepamn, gnarpammanapabl KOngoHyHy3

3,61 1,43

Typmywi xxeHaemaepy

2-xappblbanga gonboopao vwTen KaTkaH ydypaa CTyAEeHTTepAuH anraH TypmyLu
XeHgemaepy KepceTynreH . AnapAablH UMMHEH 3H MaaHunyynepy donyn “Gunum anyy
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xengemayynyry” (M=4,12), “yeunmaepamn kaboin anyy” (M=4), macenenepan yeudyy
(M=3,94) acenTener.

Table 2 Typmyw xeHgemaepy

Jon6oopAayk OKyTYYHYH HaTbINXKacbiHAA M SD
anblHraH TYPMYLUTYK KOHAYMAOPAYH OEHr33nun
YblrapmMaybisl OM XYrypTyy 3,85 1,39
Macenenepaun Yedyy 3,94 1,41
Yyeummaepau kabbin anyy 4,00 1,35
OM XYIYPTYY 3,79 1,36
Ounum anyy xeHgemayynyry 4,12 1,36
pecypcTtapabl 6awkapyy (pecypcrap, aHblH N4nHae
aflam pecypcTapsbl, ak4ya, MmaTepuangap xxaHa 3,33 1,34
abayynap)
agamaap apanblk 6aapnawyy (Mucansl, 6alkanap
MEHEH ULLITes XaHa baapnalwlyy, Mamune Tyayy 3,48 1,54
keHAymAaepy)
MaanbiMaTTbl Hallkapyy XaHa TexHonornanapabl 3.64 1,32
KONAOHYY
y6aKbITTbl 6alkapyy 3,48 1,42

Xeke (MHcaHAbIK) canaTTapbl

3-xagblbangarsl  KepceTynreH Oungupyynepay kapacak, TonTtory 6aapabik
ounavpyynep MaaHunyy >XaHa nanganyy: “KOOMKepYWNUK (e3yHy3 >KaHa WL-
apakeTTeEPMHM3 YYYH >Koonkepuunuktn kepcetyy)” (M=4,18), “eayHy3re wuweHUm
(Ky4uTyy XaHa >xeHgemayy 3KEeHAUTMHM3re WLEHYY, ©3YHy3ayH GapKblHbi3ra ULeHyy
XaHa e3yHy3re kapata nosutmeayy mamune)” (M=3,82), “eayH-e3y Gawkapyy (e3yH-
©3y KOHTPONnAoo, e3yH-e3y Tak 6aanoo, xeke makcaTTapAbl KOKY XaHa e3yH-e3y
OHYKTYPYYHY ke3emengee)’ (M=3,79).

Table 3 XXeke (MHCaHAbIK) canaTTapbl

Hon6oopAayk OKYyTYYHYH HaTbIWXKacbIHAA XekKe M SD
(vHCcaHAbIK) canaTTapAblH OHYIYY AeHr3anum

XOONKepunnuK (e3yHy3 xaHa ull-apakeTTepurns
YUYH XKOOMKEPUNUNNKTU KOPCOTYY)
©3YHY3re UWeHNM (Ky4Tyy XKaHa xeHaemayy
9KEHOUTMMHM3re ULLEHYY, 63yHy34yH GapKbIHpI3ra
MLLEHYY >XaHa e3yHy3re KapaTta no3uTneayy
Mamune)
©3yH-03y balukapyy (e3yH-e3y KOHTPONA0o0, 63yH-
o3y Tak 6aanoo, xxeke MakcaTTapbl KOKY aHa 3,79 1,36
©3YH-63Y OHYKTYPYYHY K63emenaee)

4,18 1,40

3,82 1,33
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Hon6oopao nwteene NUKMpNepan anyy mMakcaTbiHAA 3KWU TOMKO blIbenyHreH
cypoonop gaspganrad. Anap gonboopayH MyHe3gemernepy aHa CTyAeHTTepanH
AonboopaoH anraH nangacsl.

Jon6oopayH MmyHesaemenepy

byn 6enykyene cyHywTanraH éunanpyynepay 04eH Ske YenrHKKM LwKana apkbinyy
CTyAeHTTepre o3 ke3 kKapallbl 60otoH4Ya 6Gaanoocy CyHyLITanraH:

1 - TONyry MeHeH KaHaaTTaHraH, 2- abaaH bipaasbl, 3- bipaasbl gece 600T,
KaHaaTTaHraH na aMec, kaHaaTTaHbaraH ga amec, 5 Haapasbl, 6 abgaH Haapasbl

Table 4 lon6oopAayH MyHe3aemernepy

Hon6oopayH myHesaemenepy M SD
XannbiCblHaH, MeH A0N60OPAYK OKYTYYHY
KONJoHYY TaxpblbacblHa TONyK KaHaaTTaHaM 4,21 1,14

XaHa blpaasbIMbIH

Aon6oopro KaTbIlwyy MEHWH KeneyekTerun

XaLloOMO XaHa MWNME biflanbiKTallyyma xxapaam 4,33 1,16
Oepert

4-xagblbangarsl 6unanpyynpay Kapam ketcek, 4on6oopro KkaTbIWwyycy nanganyy
HanTbKa bepyyyy MyHesgemenepy 6ap akeHaAUrMH Genrnnen ketcek 60oT:
“0onboopro KaTbilWyy MEHWH KeneYeKTery XalooMO XaHa UwnMe biflanbikTawyyma
xapgam bepet” (M=4,33), “aondoopayk OKyTyyHy KOSIAOHYY TaXpblinbacbiHa TOMyK
KaHaaTTaHaMm aHa bipaasbiMbiH” (M=4,21).

JonGoopaory MyMKYHUYYNyKTOpPAYH nanaanyynyry

Byn TonTory cypoonopro cyHywTanrad éunanpyynepay 0geH S5ke 4enmHkuM wkana
apKblyy CTyfAeHTTepre o3 Ke3 kapallbl 60oH4Ya 6aanoocy CyHywTanraH:

1 - TanTakbIp MakKyn aMecMuH, 2 - 61up a3 makyn aMecMuH, 3 - 6enTtapan / NMKMpmUm
XOK, 4 - B1p a3 MakynMmyH, 5 - ToONyk MakynmyH

Table 5 lon6oopaory MyMKYHYYNYKTOPAYH nanganyynyry

Honb6oopAayH yCTyHAe vwiTen XaTkaHaa, Mara M SD
TOMOHKY (hyHKUMANap aH nanganyy donay:
TONTYK ULLITEO 4.06 1.34
MPOAYKT ULITEN YbIryy 4.30 116
naesanapabl CyHyLITOO 412 1.24
naeanapabl n3nnnee 394 127
NPOAYKTTY KOpCeTyy (CyHYLUTOO) 421 1,24
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5-agblb6angarbl XblIMbIHTLIKTApAbl 6enrnnen KeTcek, 9H HaTbIKanyy XaHa nanganyy
6onyn “npoaykt uwren ybiryy” (M=4,30), “npogykTty kepcetyy” (M=4,21), “ngesnapabl
CyHywtoo” (M=4,12) 6onyn YbIKTbl.

4. XXbINbIHTbIKTapP

Byn wu3ungeeHyH Herm3rm MakcaTbl 6onyn MaanbiMaTtTblKk  TEXHonorusnap
OarbiTblHaarel 6unum  6epyy npoueccuHae Ao0NdoOpPro HermsgenreH  bikMaHbl
KONOOHYY CTYyOEeHTTEePAUH aaMCTUK, TYPMYLUTYK, >XEKe WHCaHAbIK cananTTapblH
OHYKTYpPYYre 4OH MYMKYHYynyktepay OepyycyH panungee 06onyn acenTener.
N3nnpeene ponboopro HermsgenreH blIKMaHblH — akagemMusisibiK,  TYPMYLUTYK
XeHaemaepay, XeKe WHCaHAblK canaTTapblH, XXaHa KeneyekTterm agucTtuk WLl
apakeTTepuH ynaHTyyra abgaH nanganyy 3KeHVWH aHbIKTan YblKTbl.

MbiHAaH cCbipTKapbl CTyOeHTTepauH 6epreH NuKUMprepuHe Hernsgenun TOMeHKY
CyHyLwiTamanapabl 6epcek 60nort:

1. Oon6ooprnop peangyy OyiopTmManap peangyy KomnaHusinap TtapabblHaH
Oepunce (ke cTaptanTtap) abgaH MOTMBALMACHI KydTyy 60MOT.

2. Aagucturn 6otoH4a cabaktapgaH 3amaHban TexHonoruanap 6epvnun, anapabl
[onéoopriopao KongoHyn Kepyy.

3. ATkapbinbin atkaH gonboopriopgy peangyy KoOMnaHusnapablH Ke3eMesyHe
Oepwvn, owon ane KomnaHuanapabiH ekyngepy TapabbiHaH Kabbil anbiHbIWbI.

4. Kblprbl3acTaHgarbl MaanbiMaTTbik TEXHOMOrMsaNap TapmarbiHga 6unmv 6epreH
OKYyYy >XaunapblHa [on6oopro HernsgenreH OKyTyy bIKMacbiH KONOOHYYHY
CYHYLUTOO.

AnbeTTe, asblpkbl y4ypaa CypamKbiflOOro KaTbllKaH PecrnoHAEHTTEPAVH CaHbl
ToeMeH ©Oongy, Oupok 6yn OupuHYM Kagampap HaTtbimkanyy 6ongy necek
XaHpINbiwnanbbi3. Kelpreidactanaarsl 6unum 6epyy cUcCTeMacChIH XaKLWbIPTYY Y4YYH,
OyTYpYyY4YynepayH ULIKe KUpyyae Kewrencys, ydypgarbl Tanantapra xoon 6epreH
agucTepam 4asipAoono SH MbIKTbI bikManapablH Ovpu gen acentenous.

blpaasblubinbIK

CypamXbIfTOOHYH CypoosiopyHa xoon 6epun, e3 nukmpnepuH 6enywkeH Kbiprbid Typk
MaHac YHMBEPCUTETUHWH  CTyOEHTTEepuMHe XaHa  OyTypyyyynepyHe  TepeH
bipaasblybinbiK Gunampem.
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Abstract: In this study, a small-scale prototype of revolving bridge based on
Arduino was developed to teach the structure and operating principle of the
revolving bridge used in railways to the students, which are studying in the Rail
Systems Electrical and Electronics Technologies program. A pair of reed contacts
and neodymium magnets has been used with a stepper motor with high position
sensitivity in order to stop the designed revolving bridge system in the desired
position and to perform the locking process at this point. The control of the system
and the stepper motor is carried out with the software embedded in the Arduino
controller. In this way, a reliable system has been established. Also, with the design
of this system, a way is opened for the applicability of different system designs for
the next students.

Keywords: Arduino, Railway, Revolving bridge, Stepper motor.

1. Introduction

Railways have taken their place in human history as a result of technological
developments in the industrial revolution (Yazar and Binan, 2019). In addition, new
structures have emerged with the industrial revolution. Railway stations have also
taken their place among these new structures. In order to ensure smooth passenger
and freight transport on railways, maintenance and repairs of railway vehicles should
be carried out regularly. The areas where maintenance and repair services are
provided in the station areas, structures and equipment in the area are called operating
facilities. The most basic structures within the business facilities are locomotive depots
where the maintenance and simple repairs of locomotives are performed (Uysal, et al,
2019). The departure of a locomotive that is not maintained and repaired creates a risk
in terms of railway transportation, a defective locomotive on the railroad may cause
disruption of all railway traffic. In this respect, locomotive depots are of vital importance
for the continuity of railway operations (Yazar and Binan, 2019).

There are several types locomotive depots in the literature. Such as, rectangular, full
circle and semi-circular. Especially, in full circle and semi-circular shaped warehouses,
structures called revolving bridges are needed for the warehouse to fulfill its function.
Revolving bridges are systems that enable locomotives to rotate quickly and safely in
a minimum of space. It is designed to allow the locomotives to switch to other rails and
maneuver lines or to park in the circular closed warehouse area thanks to the rotating
body placed horizontally. The locomotive can enter on the revolving bridge with its own
power. The operator automatically initiates the rotation action from the control panel
when the locomotive reaches its safe position on the revolving bridge (Uysal, 2016).

The revolving bridge, which is under the responsibility of the chieftaincy of Adana
locomotive maintenance and repair, is given in Figure 1.
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Figure 1. Revolving bridge under the reponsibilityf the chieftaincy of Adana
locomotive maintenance and repair (Kara, 2012)

This paper will introduce, a small-scale prototype of revolving bridge based on Arduino
was developed to teach the structure and operating principle of the revolving bridge
used in railways to the students, which are studying in the Rail Systems Electrical and
Electronics Technologies program.

2. Materials and Methods

In the work carried out, Arduino UNO, stepper motor, motor driver, reed contact and
keypad are included as hardware material. The developed software was embedded in
the Arduino UNO board using the Arduino IDE program interface. The brief information
about hardware materials can be reachable with the following sub-section 2.1. Section
2.2 is given the information about used method.

2.1 Materials
2.1.1 Arduino UNO Controller

Arduino is a platform built on Atmel's AVR series microcontrollers, facilitating the
prototyping phase, with connectors for additional extensions and add-ons called
shields that can be attached to these connectors (Arduino, 2014). Arduino UNO is a
low cost, smart and can be used for developing small circuits using electrical
components (Mallikarjun, 2017).

Figure 2. Arduino UNO (Howedi, 2016)

Through the digital and analog input/output pins, the hardware components are
bonded to the Arduino. Figure 2 shows the Arduino UNO controller.
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2.1.2 Stepper Motor 28BYJ-48

Stepper motors are electromechanical devices that convert electrical energy into
physical energy through rotational motion and change the angular position in steps.
Stepper motors are preferred in projects where position control is required.

The steps that the stepper motor will take during its operation are determined by
angular values. 28BYJ-48 type stepper motor used in this study is shown in Figure
3(a). Rated voltage is 5V DC and it has 4 phases. The rate of change of speed is 1/64.
The energy is transferred to the coils by via electronic switches. The rotation speed of
the motor shafts is directly related with the frequency of the input pulses, and the
rotation time is directly concerned to the number of applied input pulses.

2.1.3 ULN 2003 Stepper Motor Driver

ULN2003 integrated is used in the stepper motor driver circuit given in Figure 3 (b)
below. This circuit has four inputs. Each input controls one coil. In addition, this driver
card consist a stepper motor connector to plug the stepper motor directly. Also, thanks
to the LEDs on it, it can be monitored which coil is energized.

e
AEEE
EEE
({8 [*][0]

(a) (b) (c)
Figure 3. (a) 28BYJ-48 Stepper Motor, (b) ULN 2003 Stepper Motor Driver (c)
4x4 Membrane Keypad. (Ekim, 2015), (Teingesch, 2019).
2.1.4 Membrane Keypad

Membrane keypad is an electrical switch, which turns a circuit on and off. It is very slim
and bland. This keypad consists of 4 rows and 4 columns. Membrane switches are
user-hardware interface utilities that provides to communication of commands from
users to electronic devices (Teingesch, 2019). Membrane keypad, which is used in this
study, is given Figure 3(c).

2.1.5 Reed Sensor
The reed sensor is an electrical switch worked by an applied magnetic field.

= -
% ,ELMVLF-J

Figure 4. Reed Sensor (Wikipedia.org)

Reed sensor, which is used in this study, is given Figure 4. The mechanism used for
switching consists of two blocks of ferromagnetic contacts separated by only a few
microns. These contact blocks are attracted towards each other when exposed to a
magnetic field and close normally open (NO) contacts, allowing electricity to flow.
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2.2 Methods

In this study, a revolving bridge prototype, designed to perform the maneuvering
movements of locomotives on railways, to direct them to a different line or to be used
in the transition to maintenance and repair depots, was developed by using hardware
materials that students learned.

In this way, students will be able to grasp the operating logic of the designed revolving
bridge system more easily. The visual of the designed building is given in Figure 5.

Figure 5. Revolving bridge prototype

As the first step in the realization of the design, the structure of the rotary bridge system
was examined and it was decided to use the hardware materials given in section 2.1.
After the hardware infrastructure was prepared, it was decided how the mechanical
system design would be and the necessary design work was done. After the
preparation of the hardware and mechanical infrastructures, the electronic circuit
design that will enable the rotary bridge system to work was drawn using the Fritzing
program. The circuit design realized in the Fritzing program is given in Figure 6. Based
on this drawing, the necessary connections have been made on the system. The
software, which is written considering the system inputs and outputs and which will
control the rotary bridge system, was written according to the flow chart given in Figure
7 and the system was tested by being embedded in Arduino UNO.
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ZBBY)-48 Stepper Motor

Figure 6. Revolving bridge control and command system prepared by using
Fritzing program.
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Figure 7. Revolving bridge control system flowchart
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The expressions 1, 2, 3 and A on the keypad are used for the test. Here, (1) indicates
the first warehouse, (2) the second warehouse, (3) the third warehouse and (A) the
main line. The position of the revolving bridge is detected by the reed sensor and
neodymium magnet pair and transmits this information to the Arduino. Accordingly, the
software constantly queries the keypad and road sensors and decides which line the
locomotive on the revolving bridge will go to. The visual showing the routing of the
revolving bridge with the keypad to three different warehouse is given in Figure 8.

Figure 8. Routing of the revolving bridge with the keypad to three different
warehouse

3. Findings

The main purpose of this article was to provide students understand that the design of
the revolving bridge system we encounter in railways can be made by using the
hardware materials that they have learned the working principles, and none of the
knowledge is insignificant which they have learned in the courses.

With this project, it has been provided of comprehending the working principle of the
revolving bridge system as students studying in the program of Rail Systems Electrical
and Electronics Technologies. Some pictures that helped students understand the
operation of the system and were recorded during installation are given in Figure 9 (a)

- (d).
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(©) (d)

Figure 9. Assembly stages

Of course, the materials used in this project are not the same as in the real revolving
bridge system. However, it should not be forgotten that the real system is one that
works under high currents and voltage. It has been demonstrated that the use of the
materials and software methods taught to students in the systems designed as
prototypes, especially in the systems made for educational purposes, provides the
students with the opportunity to use the structures they have learned.

4. Results

As a result, the designed structure worked as desired and the students understood the
revolving bridge structure and working principle with this project. Additionally, this
project has set an example for new projects.
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Abstract: This paper introduces an alternative mixing parameter update rule for
complex-valued collaborative adaptive filter structures, which is based on the
minimization of the kurtosis cost function defined by the instantaneous error signal.
With the help of this alternative mixing parameter, the advantages of the CLMS and
ACLMS algorithms over circular and noncircular complex-valued signals are
integrated into the proposed hybrid adaptive filtering algorithm. The simulation
results on system identification settings demonstrate that the proposed hybrid
algorithm with an alternative mixing parameter update rule is outperformed in a
collaborative manner of the CLMS and ACLMS algorithms when compared to the
individual algorithms.

Keywords: Complex-valued collaborative adaptive filtering, complex-valued least
mean square algorithm, augmented complex-valued least mean square algorithm,
circular and noncircular complex-valued signals.

1. Introduction

Complex-valued adaptive signal processing has become an important area owing to
provide the power to achieve detection, estimation, and adaptive processing (Mandic
and Goh, 2009; Amadi et al., 2019; Menglg¢ and Acir, 2018a). Complex-valued signals
have contributed to the improvement of various fields such as electronics, physics,
communications, and biomedical, as they provide a mathematically more observable
framework for analysis of real-world applications (sonar, radar, etc.) (Mandic and Goh,
2009; Adali and Haykin, 2010; Xia et al., Jelfs et al., 2012; Adali et al., 2011; Schreier
and Scharf, 2010; Mengug and Acir, 2017; Mengug and Acir, 2018a; Mengug and Acir,
2018b; 2014; Picinbono and Chevalier, 1995; Khalili et al., 2014; Mengug¢ and Acir,
2016; Khalili and Rastegarnia, 2016; Hakkarainen et al., 2016; Shang and Yum, 2005;
Chevalier and Blin, 2007; Javidi et al., 2010; Park et al., 2014; Douglas and Mandic,
2012; Xia and Mandic, 2012). To process such signals in the complex domain, in 1975,
Widrow et al. first developed the complex-valued least-mean square (CLMS) algorithm,
which is based a strictly linear (SL) model and a complex-valued extension of the least-
mean square (LMS) algorithm (Widrow et al.,1975). The CLMS algorithm involves the
advantages of the LMS algorithm, such as easy implementation and stability, while
filtering the real and imaginary parts of signal in complex domain concurrently (Schreier
et al.,2010). This algorithm offers an optimal solution only for circular complex-valued
signals, whose the second-order statistical properties are defined by using only the

covariance matrix C_ = E{xx"}, where x, H, and E{D} are the zero-mean complex-

valued random vector, the conjugate transpose, and the expected value, respectively
(Picinbono, 1994; Ollila, 2008; Douglas and Mandic, 2009; Schreier et al., 2003).
However, the real-world applications generate second-order noncircular (improper)
complex-valued signals in general. Therefore, as designing an algorithm in the
complex domain, the second-order noncircular complex-valued signals associated with
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its complex conjugate and the noncircular complex-valued signals in which probability
density function (PDF) changes under rotation in the complex domain should also be
taken into account. (Mandic and Goh, 2009; Adali and Haykin, 2010; Jelfs et al, 2012;
Adali et al, 2011; Schreier and Scharf, 2010; Mengu¢ and Acir, 2017; Mengug¢ and
Acir, 2018a). Traditional algorithms such CLMS algorithm are not suitable for
processing noncircular complex-valued signals, since they do not contain all the
second-order statistics in their structure. To capture all the second-order statistics for
the generality of signals in a complex domain, the augmented statistics has been
proposed. This has revealed that, in order to define all the second-order statistical
properties of x, both the covariance C_ = E{xx"} and pseudo-covariance P_ = E{xx"}

matrices should be jointly evaluated. (Mandic and Goh, 2009; Adali and Haykin, 2010;
Jelfs et al, 2012; Adali et al, 2011; Schreier and Scharf, 2010; Mengug¢ and Acir, 2017;
Mengug¢ and Acir, 2018a). With the help of these two matrices, an augmented
covariance matrix is defined as

Co =8 | ) E[’i"TT]HC:"‘ P":‘} ()
X X E[xx"] E[xx] P C

XX XX

where x* =[x,x |" is the augmented complex vector. After definition of the augmented

covariance matrix, we can discuss some important properties as follows (Mandic and
Goh, 2009; Adali and Haykin, 2010; Jelfs et al, 2012; Adali et al, 2011; Schreier and
Scharf, 2010; Mengug¢ and Acir, 2017; Mengug¢ and Acir, 2018a; Mengug¢ and Acir,
2018b): () if P_ =0, the vector x is a proper or second-circular vector. (Il) If P_ #0 ,

the vector x is an improper or noncircular vector.

These properties show that the augmented covariance matrix C_, includes all the

second-order statistics of the generality of the complex-valued signals because of
considering both the covariance and pseudo-covariance matrices. In addition to these
properties, the augmented statistics has provided an elegant way for the designing of
augmented algorithms (also called widely linear (WL) algorithms), which effectively
process circular and noncircular complex-valued signals (Jelfs et al, 2012). The most
popular one among the augmented algorithms is the augmented complex least mean
square (ACLMS) algorithm, which intuitively prefers an effective way for the filtering of
both circular and noncircular complex-valued signals by its WL model structure.
However, the ACLMS algorithm suffers the computational burden due to its WL model
structure. This causes that the ACLMS algorithm has a slow convergence rate for only
complex-valued circular signals as compared to the CLMS algorithm using the SL
model. To bring together the mentioned advantages of the CLMS and ACLMS
algorithms, a hybrid adaptive filtering algorithm has been recently proposed in (Jelfs
and Mandic, 2012). This algorithm is actually based on a convex combination of the
CLMS and ACLMS algorithms and outperforms the CLMS and ACLMS algorithms for
circular and noncircular complex-valued signals. In the hybrid algorithms in (Jelfs et
al., 2012), the key parameter is the mixing parameter, A (%), at time index &, which is

derived from the minimization of the classical cost function defined by squared
instantaneous error signal with respect to A (k) .

By inspiring from the hybrid adaptive filtering algorithm, in this paper, we introduce
propose an alternative mixing parameter update rule for complex-valued collaborative
adaptive filter structures, which is based on the minimization of the kurtosis cost
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function defined by the instantaneous error signal. With the help of this alternative
mixing parameter, the advantages of the CLMS and ACLMS algorithms over circular
and noncircular complex-valued signals are integrated into the proposed hybrid
adaptive filtering algorithm. The simulation results on system identification settings
show that the proposed hybrid algorithm with an alternative mixing parameter update
rule is outperformed in a collaborative manner of the CLMS and ACLMS algorithms
when compared to the individual algorithms.

2. Materials and Methods

In this section, brief information about the CLMS and ACLMS algorithms and
collaborative adaptive system in the complex domain are presented respectively.

2.1. The CLMS Algorithm

The CLMS algorithm is a strictly linear (SL) model-based algorithm. This algorithm
aims to update the weight vector adaptively and to minimize the following cost function,

J,, at the time index , given in equation (1) (Mandic and Goh, 2009).

lelE{e”

"2

2} =%E{ene;} (2)

where €, is an error signal, which is the difference between the desired signal, dn, and
the output of the filter, ), :
6,=d,~Y,. (3)

Considering a finite impulse response (FIR) filter structure, the output of the filter based
on the SL model for the CLMS algorithm can be defined by

y,=hlx, (4)

where h, ] ™ represents the weight vector.

After minimization of the cost function, J,, with respect to h, e[1™

update rule for the CLMS algorithm can be obtained as

, the well-known

hn :hn—l +Iue:X/1 (5)

where 14 and x, =[xn,...,xn_N+l]eD M denote the step-size parameter and the input
vector.

Remark 1: Owing to its SL model, the CLMS algorithm both yields an optimal solution
and exhibits a fast converge rate for processing complex-valued circular signals. Since
this algorithm does not contain all second-order statistical properties in its structure, it
exhibits suboptimal performance for complex-valued noncircular signals.

2.2. The ACLMS Algorithm
The ACLMS algorithm is based on the widely linear (WL) model, given by
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yn :hnH—IXn +gnH—1X:F1 (6)

where h el M and g ell ™ denote the standard and conjugate weight vectors
respectively.

For the WL model, the error signal, €, , is primarily defined by
en :dn _hilxn _g;ZIX: . (7)

The cost function, J,, given in equation (2) is then redefined by using equation (7) and

is minimized with respect to h, €] ¥ and g, €l e by using CR calculus (Wirtinger

calculus) (Wirtinger, 1927), to obtain the following update rules for the ACLMS
algorithms:

hn :hn—l +/ue:Xn (8)
g, =8, T HEX,. (9)

Remark 2: The ACLMS algorithm adaptively updates both the standard #, €l M and

conjugate g, €U d weight vectors utilizing the widely linear (WL) model. Therefore, it

enables efficient processing of both circular and noncircular complex-valued signals.
However, the ACLMS algorithm suffers the computational burden due to its WL
structure. This causes that the ACLMS algorithm has a slow convergence rate for only
complex-valued circular signals as compared to the CLMS algorithm.

2.3. Collaborative Adaptive Systems in the Complex Domain

The collaborative adaptive system (Mandic and Goh, 2009; Jelfs et al., 2010; Jelfs et
al., 2012; Amadi et al., 2019) in the complex domain has been developed to achieve
better performance taking into account the advantages of the subsystems. The
structure of a collaborative adaptive system is shown in Figure 1. In fact, this structure
is based on the convex combination of two subsystems called Adaptive System 1 and
Adaptive System 2 performing collaboratively. These subsystems are updated

independently depending on the local instantaneous € (k) and &(k) errors and the
convex combination of the (k) and ),(k) outputs. The output of the collaborative

adaptive system is produced in accordance with the mixing parameter, A(k)[0,1]:

k)= Ak, (k) +(1=A(K))y, (k). (10)

69
TURK-COSE 2021 | Book of Proceedings



lil. International Turkic World Congress on Science and Engineering
14-15 June 2021, Nigde - Turkey

g ﬁz} : i d(k)
Adaptive System 1 | Ak) +

Adaptive System 2

Figure 1. The structure of the hybrid system in the complex domain

The idea of the collaborative adaptive system structure is that, for instance; assuming
that, Adaptive System 1 converges rapidly but produces a high steady-state error,
while Adaptive System 2 slowly converges to lower steady-state error. Thus, the
collaborative adaptive system will prefer Adaptive System 1 at the beginning of
adaptation (i.e. i(k)—1) for rapid convergence, and after convergence occurs, it will

prefer Adaptive System 2 for a better steady-state (i.e. 1(k) — 0). In order to realize
this situation instantaneously, the mixing parameter, 1 (k) , of the collaborative system,
the instantaneous error function, e(k), is updated by means of the stochastic gradient
descent rule given below, depending on the minimization of J (k) (Mandic and Goh,
2009).

M1 =Ak)— 1V (k) (11)
where L, represents the learning rate of the mixing parameter.

3. The Proposed Mixing Parameter Update Rule for the convex combination of
the CLMS and ACLMS Algorithms

Here, we present the proposed mixing parameter update rule based on a negated
Kurtosis cost function (Tanrikulu and Constantinides, 1994; Mengug¢ and Acir, 2016;
Mengug¢ and Acir, 2018a; Mengug and Acir, 2018b; Mengug¢ 2019; Zerdali and
Mengug, 2019; Mengug, 2021, Mengug et al. 2021) so as to use the advantages of the
CLMK and ACLMK algorithms in a collaborative adaptive filtering manner. For this
purpose, for equation (11), we chose a negated kurtosis cost function, J(k),
depending on the instantaneous error signal, e(k), in the complex domain as (Mengug¢
and Acir, 2018a):

J(k)=3E {\e(k)f} —E{\e(k)r‘} =3B (e(k)e ()} ~ E{e(k)e (He(k)e (k)| (12)

where considering convex combination process, the error signal, e(k), is defined as
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e(k) =d(k)—(Ak)y, (k) + (1= k), (K). (13)

The cost function, J(k), in equation (12) includes both the second-order statistical

properties due to the E’ {‘e(k)‘z} expression and the fourth-order statistical properties

due to the £ {\e(k)r} expression. Therefore, it called a high-order statistical-based cost
function in the literature (Mengug¢ and Acir, 2018a).

The gradient of (12) with respect to the mixing parameter Ais calculated as

VI, =6 feth)e (o] 0 FRECHOTE. (14)

first part second part

Next, the first part of (14) is obtained as

de(k)e’ (k)

b =R(e(k)(=y, (k) + 3, ()’ ). (15)

Solving the second part of the equation (14), we obtain:

Be(k)e a(i)e(k)e () _ e 1 22 ) de(h)e' (k) + (e (1 2 ) de(k)e’ (k)
(k) oA(k) (k)
. . Oe(k)e (k
=2e(k)e (k)% = 2e(k)e*(k)[sn (e(b)(=y, (k) + y, (k))*)] . (16)

Substituting equations (15) and (16) into equation (14), the gradient V,J(k) becomes:

V,J (k) = =(6E {e(k)e’ ()} - 2e(k)e” (k) )| R (e(l)(y, (k) = v, (k)") | - (17)

Using equations (11) and (17), the mixing parameter, Ai(k), update rule for the

collaborative adaptive filtering based the CLMS and ACLMS algorithms is expressed
as

Ak +1) = (k) + 1, (3E {e(k)e’ (k)| - eh)e” (5) )| R (e(k)(y, (k) =y, (k)" | (18)
where L, represents the step size parameter.

Finally, the expression ﬁ(k):E{e(k)e*(k)} in equation (18) is calculated by (Mengug¢
and Acir, 2018a):

k)= pptk—D)+ek)e (k) (19)
where 0 < g <1 is the forgetting factor.

4. Results
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The performance of the proposed hybrid algorithm was tested on the system
identification problem by comparing it with the well-known CLMS and ACLMS
algorithms in the literature. In this context, as unknown systems, a strictly linear moving
average (SL-MA) model was selected for the first 5000 data, while a widely linear
moving average (WL-MA) model was selected for the data between 5000 and 10000.
For these unknown systems, the input signal was a complex-valued Gaussian with its
variance of 1, whereas the noise signal was a complex-valued Gaussian white noise
with its variance of 0.001. The unknown systems had the same number of the weight
coefficients with adaptive filters trained by the CLMS, ACLMS, and hybrid algorithms.
The simulation results presented here were obtained over 100 independent trials for
two different numbers of the weight coefficients such as N = 64 and N = 128. For both
unknown systems, these weight coefficients were generated randomly. In our
simulations, the parameters of the algorithms were tuned as follows.

e The step size parameters of the CLMS and ACLMS algorithms are chosen as
Heans = Macas =0.0025.

e For the proposed hybrid algorithm, the step size parameter of the mixing
parameter was chosen as £, =0.0001, whereas the initial value of the mixing
parameter was chosen as 1(0)=0.5.

30 30
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——ACLMS Roigps —— ACLMS
" — Hybrid : ——Hybrid
= = ‘MSE Bound | 1 = = 'MSE Bound | 1
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Figure 2. The MSE (dB) performances of the algorithms (a) for N = 64, (b) for N
=128
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Figure 3. The changes of the mixing parameter of the hybrid algorithm (a) for N
= 64, (b) for N =128

In Figures 2 and 3, for N = 64 and N = 128, the mean square error (MSE) (dB)
performances of the algorithms and t he changes of the mixing parameter of the hybrid
algorithm were shown, respectively. According to the results of Figures 2 and 3, we
could made the following comments:

i.  As seen from Figure 2 (a) and (b), the CLMS algorithm for the SL-MA unknown
system (for the first 5000 iterations) converged to the desired MSE bound faster
than the ACLMS algorithm. For the WL-MA unknown system (after the 5000
iterations), the ACLMS only converged to the MSE bound. On the other hand,
the proposed hybrid algorithm by bringing together the advantages of these
algorithms guaranteed the converging to the desired MSE bound for both
unknown systems.

i. For instance, for the first 5000 iterations, the proposed hybrid algorithm by
updating its mixing parameter (A(k) —» 0 ) preferred the CLMS algorithm and

converged faster than the ACLMS algorithm. After 5000 iterations, the proposed
hybrid algorithm dominated the ACLMS algorithm in its output A(x) — 1.

iii. As seen from Figures 3 (a) and (b), if A1(k) - 0, the unknown system is the SL
model-based system, that is, it has a circular behavior. If 1(k) — 1, the unknown

system is the WL model-based system, that is, it is a noncircular behavior. Thus,
the proposed hybrid algorithm enabled the possibility for the tracking of
circularity behaviors of the unknown systems.

As aresult, the proposed algorithm was highly convenient for both identifying SL or/and
WL model-based unknown systems and the tracking of their circularity behaviors of
the unknown systems.

Conclusion

In this paper, an alternative mixing parameter update rule for complex-valued
collaborative adaptive filter structures has been proposed, which is based on the
minimization of the kurtosis cost function defined by the instantaneous error signal.
With the help of this alternative mixing parameter, the advantages of the CLMS and
ACLMS algorithms over circular and noncircular complex-valued signals have been
integrated into the proposed hybrid adaptive filtering algorithm. The simulation results
on system identification settings have supported that the proposed hybrid algorithm
with an alternative mixing parameter update rule has been outperformed in a
collaborative manner of the CLMS and ACLMS algorithms when compared to the
individual algorithms. As a result, the proposed hybrid algorithm has highly convenient
for both identifying SL or/and WL model-based unknown systems and tracking of their
circularity behaviors of the unknown systems.
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Ozet: Bu galismada, grafiksel bir ydntem kullanilarak elektrikli araglar (EA'lar) ve
dinamik talep cevabi (DTC) kontrol ¢evrimi iceren zaman gecikmeli bir bélgeli ylik
frekansi kontrol (YFK) sisteminin denetleyici parametre dizleminde kararlilk
bdlgeleri elde edilmistir. YFK sistemlerine EA'lar ve DTC kontrol gevriminin entegre
edilmesi (YFK-EA-DTC) hem yuk gruplarinin hem de EA batarya sistemlerinin
frekans regulasyonu servisinde etkin olarak kullaniima imkani sunmustur. EA
batarya gruplari ve DTC kontrol ¢evrimi, YFK sistemlerinin kararlihgi Gzerinde
Onemli avantajlar saglamasina ragmen, YFK sistemlerinde veri transferleri ve
kontrol komutlarinin iletiimesi amaciyla meydana gelen haberlesme zaman
gecikmeleri sistemin dinamik performansini  olumsuz etkileyebilmektedir.
Dolayisiyla, bu calismada zaman gecikmesi iceren bir bdlgeli YFK-EA-DTC
sisteminin kararliligini garanti eden oransal-integral (Pl) denetleyici kazang
degerleri kararllik sinir egrisi yontemi kullanilarak teorik olarak hesaplanmistir.
Elde edilen kararlilik bdlgelerinin  dogrulugu MATLAB/Simulink ortaminda
gerceklestirilen zaman dizlemindeki benzetim galismalari ile gdsterilmistir.
Anahtar Kelimeler: Yik frekansi kontrol, Pl kontrol6r, Kararlilik bdlgesi, Zaman
gecikmesi.

1. Giris

Yuk frekans kontrol (YFK) sistemleri bir veya birden fazla bodlgeden olugsan
enterkonnekte bir gu¢ sisteminde,YFK sisteminin bdlgeleri arasinda o©nceden
programlanmig seviyelerde gug¢ paylasimini surdirmekle ve elektrik gli¢ sebekesinin
frekansini kontrol etmekle gorevlidir (Saadat, 1999; Kundur, 1994). YFK sistemlerinde,
talep edilen gu¢ degisimlerinde hizli yanit verme karakteristiklerine sahip olmasi
nedeniyle yenilenebilir enerji santrallerinin frekans dizenleme servisine katkisi surekli
olarak artmaktadir. Ancak, rizgar glcunde ve gunes enerjisinde meydana gelen gug
dalgalanmalari, blyuk yuk degisimleri ve sistemde meydana gelen kisa devre arizalari
gibi durumlarda sistemin dinamik davranigini ve ¢alisma performansini olumsuz olarak
etkileyebilmektedir (Falahati vd., 2016; Liu vd., 2018). Bu sorunlar dikkate alindiginda
sistemin guvenilirligini, guvenligini, yuk degisimleri karsisinda tepki hizini ve
kararhligini arttirmak icin enerji depolama cihazlari (ultra kapasitér ve batarya
cihazlari) gibi kaynaklar ve dinamik talep cevabi (DTC) kontrol yéntemin kullaniimasi,
uretilen gug¢ ve talep edilen yuk arasindaki dengenin kisa suUrede saglanmasi
bakimindan onemli gérulmustur. Ayrica, enerji depolama cihazlarinin yuksek kurulum
ve isletme maliyetinin olmasi, dusik verimlilikleri ve Gretim tarafinda denetleyicilerin
calisma maliyetlerinin yuksek olmasi gibi dezavantajlari bulunmaktadir (Babahajiani
vd., 2018; Pourmousavi ve Nehrir, 2014). Bu dezavantajlari azaltmak ve gugc sisteminin
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kararlihgini arttirmak i¢cin hem yuk grubu olmasi hem de elektrik gu¢ sebekesine enerji
transferi yapmasi bakimindan elektrikli araglarin (EA) batarya sistemlerinin gelecegin
akillh sebeke YFK sistemlerinde kullanilabilecegi ongorulmektedir. Ayrica, elektrikli
araclarda bulunan batarya gruplarinin elektrik sebekesinde bulunan yuksek maliyetli
enerji depolama cihazlarinin yerine kullanilmasi ve bataryalarin mobil enerji depolama
Ozelliginden dolay! elektrik gug sebekelerinde maliyetin azaltiimasi bakimindan énemli
bir ¢6zim olarak gorulmektedir (Mu vd., 2013; Luo vd., 2014). Elektrikli araglarin,
Dengeleme Gug Piyasasina pratik olarak katilabilmeleri igin gok sayidaki EA, Elektrikli
Arac¢ Toplayicilari (Electric Vehicles Aggretgators) olarak adlandirilan yeni bir enerji
sirketi tarafindan bir araya getirilmeli ve yonetilmelidir. EA gruplarina benzer sekilde,
¢ok sayidaki kontrol edilebilen yukler, YUk Toplayici (Load Aggregator) olarak
adlandirilan bir sirket Uzerinden frekans kontroline dahil olmaktadirlar (Katipoglu vd.,
2019; Naveed vd., 2019).

Enterkonnekte gug¢ sisteminde toplayicilarin temel gorevleri, sistem frekansinin
ihtiyacina bagli olarak EA batarya gruplarinin ve kontrol edilebilir yUklerin devreye
alinmasini veya cikarilmasini saglamak ve bdylece, frekans dizenleme servisi
Uzerinde bu birimlerin koordinasyonunu yurtutmektir. Toplayicilar, EA ve DTC
sistemleri Uzerinde bu gorevlerini yerine getirmek icin haberlesme aglarina ihtiya¢
duymaktadir (Ko vd., 2019; Katipoglu vd., 2019; Naveed vd., 2019). Haberlesme aglari
yardimiyla, toplayicilar ile EA ve kontrol edilebilir yuk gruplari arasinda cesitli 6lgim
verileri alinabilir ve kontrol komutlari iletilebilir. Ancak, toplayicilar ile EA ve DTC kontrol
sistemi arasindaki veri transferleri YFK sisteminin dinamik performansini olumsuz
etkileyen zaman gecikmelerine neden olmaktadir (Katipoglu vd., 2019; Naveed vd.,
2020). Dolayisiyla, YFK-EA-DTC sisteminin kararlihdini garanti eden denetleyici
parametrelerinin tasarimi oldukga onemlidir (Naveed vd., 2020). YFK-EA-DTC
sisteminin belirlenen herhangi bir zaman gecikmesi degeri i¢in kararliligini saglayan
tum oransal-integral (Pl) denetleyici kazanglari kararliik sinir egrisi yontemi
kullanilarak gercgeklestirilebilir (Tan, 2005; Tan vd., 2006; Séylemez vd., 2003). Bu
yontem, zaman gecikmeli klasik YFK sistemlerine (S6nmez ve Ayasun, 2018), mikro-
sebeke YFK sistemine (GUnduz vd., 2017), bayuk guglu rizgar tlrbin sistemlerine
(Wang vd., 2011) ve EA igceren bir bolgeli YFK sistemine (Naveed vd., 2020) etkin bir
sekilde uygulanmigtir.

YFK-EA-DTC
Sistem Modeli

Sekonder
Kontrol

Dinamik Talep
Cevabi

U
\
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ACE 1 +5Ty 1+ 57, | 1+sT, D+sM
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Sekil 1. Zaman gecikmeli bir bolgeli YFK-EA-DTC sisteminin modeli.
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Bu caligmada, kararlilik sinir egrisi yontemi kullanilarak YFK sisteminin hem EA hem
de DTC kontrol c¢evrimi igermesi durumunda sistemin tim Pl denetleyici
parametrelerini iceren kararlilik bdlgeleri hesaplanmistir. Ayrica, YFK-EA-DTC
sisteminde her iki birimin frekans duzenleme servisi Uzerinde farkli katim oranlarinin
kararlilk bolgeleri Uzerinde etkisi incelenmigtir. Son olarak, teorik sonuglarin
dogrulugu, zaman duzleminde gergeklestirilen benzetim galismalari ile gosterilmigtir
(Simulink, 2019).

2. Zaman gecikmeli bir bolgeli YFK-EA-DTC sistem modeli

Sekil 1’de, EA gruplari ve DTC kontrol ¢evriminin dahil edildigi zaman gecikmeli bir
bolgeli YFK sisteminin dinamik modeli gorulmektedir. Bu modelde, klasik YFK sistem
modeline kesikli gizgilerle gdsterilen EA gruplari ve DTC kontrol ¢evrimleri eklenerek

sistem modeli degistiriimistir. Sistemin dinamik modelinde, durum ifadeleri Af, AXg,
APy, APy, APprc . APgs VE AP Olarak tanimlanis ve bu ifadeler sirasiyla, frekans

degisimini, valf pozisyonunun, mekanik gug¢ cikiginin, jenerator gug c¢ikisinin, DTC
kontrol gug¢ cikisi, EA’larin gug c¢ikisinin degisimlerini ve yukteki degisimi temsil

etmektedir. Ayrica, M,D, R, Tg, 1;;, T, Fp, B ve ACE sirasiyla, jenerator

eylemsizlik katsayisi, yik sonim katsayisi, hiz regulasyonu disu sabiti, devir sayisi
regulatord zaman sabiti, turbin zaman sabiti, ara-iIsitma zaman sabiti, ara-i1sitmali
turbin katsayisi, frekans yonelim faktoru ve alan kontrol hata sinyalini gostermektedir.
Sekil 1'den goéruldugu tzere, YFK sisteminin sekonder kontrol gevrimi (kontrol merkezi)
tarafinda PI denetleyici kullaniimistir.

Gc(s)=KP+g (1)
Burada, k, ve k, oransal ve integral denetleyici kazanglaridir. Ayrica, kontrol
edilebilir yuklerin kontroli DTC kontrol gevrimi tarafinda KP(DTc) ve K|(D-|-C) ile

verilen farkli bir Pl denetleyici ile gergeklestiriimistir. Bu calismada, her iki Pl denetleyici
kazanclarinin birbirinden farkh oldugu varsayilmistir. Sekil 1'de, YFK sisteminin kontrol
merkezinin denetleyici ¢ikisina birinci dereceden bir transfer fonksiyona sahip olan EA
batarya modeli dahil edilmistir. Bu model agagida verildigi gibi tanimlanabilir.

K
Geals) = ﬁ (2)

Burada, k., ve 1., sirasiyla, EA grubuna ait batarya kazang ve zaman sabitleridir.
Q) frekans kontrol gabasi olmak Uizere; EA gruplari, DTC kontrol birimi ve klasik Gretim
biriminin frekans duzenleme servisine olan katkilari agagida verilmistir (Pourmousavi
ve Nehrir, 2014; Ko vd., 2019).

APS (S) = 0!0Q

APEA(S) = a2 (3)
APpTc(S) = 202
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Burada, ¢, a4 V€ «, siraslyla, klasik gug¢ tretim birimi, EA gruplarinin ve DTC kontrol

cevriminin frekans dizenleme servisine olan katilimlarini gostermektedir. Katilim
faktorlerinin toplami 4, + a4 + a5, =1 oOlmaktadir. Bu katilim faktorlerine gore, her

uretim birimi frekans dizenleme servisine katki sunmaktadir. Bir bolgeli YFK-EA-DTC
sisteminde, EA toplayicisi ve her bir EA arasinda gergeklesen haberlesme

gecikmesinin toplam miktari 74 olmak uzere, EA modelini iceren ¢gevrimde e " istel

terimi ile gosterilmektedir. Benzer sekilde, yuk toplayicisinin DTC kontrol sistemi
tarafinda c¢esitli yik gruplarinin izlenmesi devreye alinmasi veya c¢ikariimasi
durumlarinda c¢esitli kontrol sinyallerini iletmesi gerekmektedir. Dolayisiyla, bu

: : L . -S7, ..
gevrimde meydana gelen zaman gecikmesinin miktari -, olmak lizere, € 2 Ustel

terimi ile ifade edilmigtir. Bir bolgeli YFK-EA-DTC sisteminin kararllik bolgelerinin
hesaplanabilmesi igin, Sekil 1'de verilen YFK-EA-DTC sisteminin karakteristik
denkleminin elde edilmesi gereklidir.

A(s,74,79) =P(s)+Q(s)e > +R(s)e>2 =0 (4)
Burada P(s), Q(s) ve R(s) polinomlarinin katsayilari ve dereceleri agsagida verilmistir.
P(s)=pss’ +pgs® + pss® + pgs? + pas® + pys? + pys

Q(s) = ass® + aus® +qzs® +qps? + s (5)

R(s) = r656 + r535 + r4$4 + r3s3 + r252 +148.

Bu polinomlara ait p, q ve I katsayilari sistem parametrelerine bagh olarak ekte
sunulmustur.

7 (s)
A
T NTae)
0 g > 7)(s)

Sekil 2. Zaman gecikmesi dizleminde tanimlanan zaman gecikmesi vektorii.

Denklem (4) ile ifade edilen karakteristik denklemde kararlilik analizlerinin yapilabilmesi
icin -, ve r, zaman gecikmeleri Sekil 2'de goOsterilen kurala gore segilmistir. Bu

dogrultuda, Sekil 2'de verildigi gibi kutupsal koordinat (|z|,0) olarak ifade edilen (-,
r,) zaman gecikmelerinin secilmesi gergeklestiriimistir. Genlik M ve acisl 6,

lr|= 2 +:3 ve O=tan 'rp/r; olarak tanimlanir. Burada, genlik |z| sabit iken,
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9&[00—900] araliyinda degistirildiginde zaman gecikme degerlerinin secimi icin
1>72 T1=72 ye T <72 olarak verilen farkli senaryolar gergeklestirilebilir.

3. Bir bolgeli YFK-EA-DTC Sisteminin Kararlilik Bolgelerinin Hesaplanmasi

Bu calismada kullanilan kararhlik sinir egrisi yontemi, sistemin belirlenen herhangi bir

zaman gecikmesi degeri icin Pl denetleyici parametre degerlerini (KP’K| )- duzleminde
hesaplamaktadir. Bu islem, sistemin karakteristik denkleminin reel ve sanal kisimlari
sifira esitlenerek kolaylikla gerceklestirilebilir. Sekil 1'den dikkat edilecek olunursa,
hem sekonder kontrol cevrimi tarafinda hem de DTC kontrol cevrimi tarafinda PI
denetleyiciler kullaniimaktadir. DTC kontrol g¢evrimi tarafinda ve kontrol merkezi
tarafinda denetleyici kazanglarinin birbirinden farkh oldugu varsayilmis ve sadece
sekonder kontrol c¢evrimi tarafindaki Pl denetleyici parametre tasarimina

odaklaniimigtir. Bir bolgeli YFK-EA-DTC sisteminin, verilen herhangi bir ‘r‘ zaman
gecikmesi degeri igin (Kp,k,)- duzleminde Kkararliik bdlgelerinin sinirlarini
tanimlamak igin, Denklem (4)'de », > 0 olmak Uzere s = jo, Yerine yazilmalidir.

"

Mjag71,72) = Pr(iae ) +pelias)® +Ps(ia)® +ph(iae ) +p5(ja ) +

m

6 5 . i\
re(jac)” +r5(jac)” +ra(jag)” + e-lory |

p3(joc ) + Pl @)+ 3 >
r3(Ja)c) +r2(1a)c) +'.1(1600)

Kp | Paliar)® + pa(ioe)® + paliar |+
Kp (a5(ioc)® +da(ia)* +aj(ior )+ ap(j )P Je )"
+K | Pa (i) + phliae)® + piliee ) |+

Ki (a4 (ioe)* + ag(ioe)® +az(ia P + ai(jae) je 1% =0

Bu adimda, pr, p5, p%.p4, ps. pgs p; V€ I' katsayilari merkezi denetleyicinin
parametrelerini icermeyen Katsayilardir. Geriye kalan p’, p”, q' ve q" katsayilari k ,
ve k, denetleyici parametreleri cinsinden dlzenlenen katsayilardir. Denklem (6)'da
iistel terimli ifade yerine e 1?7 = =cos(w,7j)— jsin(w.7;),(i =1,2) yazarak karakteristik

denklem, reel ve sanal bilesenlerine ayrildiginda, asagida verildigi formda yeni bir
denklem elde edebiliriz.

A(jar,11,79) = Kp A )+ K By(a ) + Cy(a ) +

i[KpAs(wg )+ K By(mg)+Co(w:)] =0 (7)
Ajog,74,72) = R {A(jog, )} + S {A(jog,7)} =0
Burada, ‘.R{D} ve S{[} Denklem (7)'nin reel ve sanal kisimlarini temsil etmektedir.
Ayrica, A4, B4, C4, Ay, B, V€ C, katsayilari agagida verilmistir.
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4 2 5 i 4
Aag)=pPaae —Pod” + 050" Sin(we71)+ Q4@ COS(@we71)—
q’za)cz cos(wg 1) — qéa)c?’ sin(a.71) + Q1@ Sin(@.71)

4

" 2 n n 2
Bi( ) = —p2wc” + 00" cos(amp7q) — A" cos(me7q) —

QG0c° Sin(wetq) + Fw Sin(a 1)

6 4 2 3 5 , (8a)
Ciloe)=—Pe®c +Paa: — P2 +(—r3a)C + 5005 +r1a)c)sm(a)crz)+
(—rzwg + I'4a)é1 - r6a)g)COS(a)C‘L'2)
A ( ! 3 Al 3 A 4 .
0 C()C)— P3@. dz @ COS(G)CZ'»]) daoc S|n(cocr1)+
q’za)c2 sin(a.71) + qéa)c5 cos(ws71)
" 14 3 14 n 2 H
Bo(ar ) = p1oe —d3@” COS(w71) + Qe COS(we71) + Ao~ Sin(@m7) —
" 3 n 4 H
P30." —Qua sin(ws7q)
(8b)

7 5 3 3 5
Colwe)=-pro +Psa” —P3ae” + (_rSCUc T I50¢ + 1M )COS(Q)CTZ )+
(rza)g - r4a)é' + TGCUS )sin(a)crz ).

_ Byl )Co (@ ) — By (@ )Ci(@ )
Aq(@c Bz (@ )= Bilag )Az(a )
K, = Ag(@g )Cqy(@ ) — Aq(e JCo ()
Aq(@ )Bz(a ) —Bi(ag )Az (@)

Denklem (7)de A(jw.,rq,75)=0"In reel ve sanal kisimlari sifira esitlendiginde ve

Denklem (7) denetleyici parametrelerinin elde edilmesi igin ¢ozuldiginde, Denklem
(9)'da goéruldugu gibi kompleks kdk sinir (Complex root boundary, CRB) egrisinin elde
edilmesi i¢in kullanilan genel bir form elde edebiliriz. CRB egrisine ek olarak sistemin
herhangi bir reel kdklinin sanal ekseni keserek sag yari duzleme gectigini dikkate
alarak . =0 igin Denklem (9)'dan reel kok sinir (Real root boundary, RRB) egrisinin

hesaplanmasi saglanabilir. Bir bolgeli YFK-EA-DTC sisteminin », = 0 igin kararlilik
bolgesinin RRB egrisinin k, = 0 oldugu Denklem (9)'un ¢g6ziminden hesaplanabilir.
Bu durum, herhangi bir reel kokun sanal ekseni keserek sag yari duzleme gegisinin
K, =0 degeri igin gerceklesecegini agiklamaktadir. Sonu¢ olarak, (K, ,K,)-
duzleminde CRB ve RRB egrilerinin kesigimi sistemin kararli ve kararsiz oldugu
bdlgelere ayirmaktadir.

9)

4. Sonuglar

Bu bélim, bir bélgeli YFK-EA-DTC sisteminin kararlilik bélgelerinin hesaplanmasini ve
elde edilen kararhlik bolgelerinin zaman duzleminde gergeklestirilen benzetim
calismalari yardimiyla dogrulanmasini sunmaktadir. Sistem parametreleri asagidaki
gibi secilmistir (Ko vd., 2019):
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D=1 R=111, [, =16, =21 M =8.8, Tg=02s, T, =035,

TI’ =12 S, TEA =0.1 S, KEA = 1, KP(DTC) 20.5, Kl(DTC) 20.7, (10)

Oncelikle, EA ve DTC kontrol gevriminin paylasim faktorlerinin kararlilik bélgeleri
uzerindeki etkisi incelenmigtir. Bu amag¢ dogrultusunda, Sekil 2'de verilen gecikme
senaryolari dikkate alinarak ‘T‘=1s genlik degeri ve 0 =450 (11 =175 =0.707s)

segilmistir. Bu durumda, EA ve DTC kontrol gevrimi tarafinda zaman gecikme degerleri
esit olarak belirlenmistir.

Bu gecikme degerlerinde (-, =7, =0.707s), Sekil 3'den Pl denetleyici parametre

duzleminde DTC kontrol cevrimi katihm faktorlerinin kararlilik bolgeleri Uzerindeki etkisi
goralmektedir. Sekil 3'den gorilduga Uzere, EA katiim faktori o, =0.1'de

sabitlendiginde ve DTC kontrol ¢evrimi katiim faktorl 4, =0.1, 0.2, 0.3 (
ay = 0.8, 0.7, 0.6 ) oOlarak arttirlldiginda sistemin kararlilik bolgelerinin genigledigi

gorulmektedir. Bagka bir ifadeyle, frekans dizenleme servisine DTC kontrol ¢evrimi
katilimi arttikgca sistemin kararlilik siniri artmaktadir. EA gruplarinin kararlilik bolgeleri
Uzerindeki etkisini incelemek igin, dnceden belirlenen gecikme degerlerinde (
71 =1, =0.707s ) ve DTC kontrol gevrimi katilimi 4, = 0.1'de sabit tutuldugunda, EA

gruplari katihm faktord o, =0.1, 0.2, 0.3 (2, =0.8, 0.7, 0.6 ) Olarak arttirldiginda

sistemin kararlilik bolgeleri Sekil 4'de verilmistir. Sekil 4'den EA katilim faktora arttikca
bir bolgeli YFK-EA-DTC kontrol sisteminin kararlilik bolgelerinin gittikge daraldigi ve
dolayisiyla, sistemin kararlilik sinirinin belirgin bir sekilde azaldigr gorulmektedir.

3

—u,=0.7, 0,=0.1, 0,=0.2 i¢in CRB
2o, =01, 0,=0.3 igin CRE

T T
{ v 1,208, 0,201, 0,=0.1 igin CRB

Sekil 3. || - 1s , 0 =45° ve DTC farkh katilim faktorleri icin kararlilik bélgeleri.
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3 T T T T T T
< C20g=08. =01, a,=01 igin CRB
5 § H—,70.7, a,=0.2, 0,=0.1 igin CRB LTI J
........ 0,=0.6. @,=0.3, 0,=0.1 igin CRB)
-—-RRB
2f g . L
15 K g
¥ ‘.‘
1+ N E
05f | J
‘\
of \ |
ns 1 1 L 1 L 1
-1 0 1 2 3 4 5 6
Ko

Sekil 4. |- 1s, l9=45ove EA farkh katiim faktorleri igin kararlilik bolgeleri.

4 T T T T T
- = =7=1s, 6=30°, ,=0.1, 0,,=0.1 LesTTTTT. -
3.5 . . i
—=1s, 6=45", 0,=0.1, 0,=0.1 L .~
,’ ~
[ r=ts, =60, a,=0.1, a,=0.1 L . |
2.5 b
v 2 ]
1.5 —
1 -
0.5 -
0 -
1 1 1 1 | 1 1
1 0 1 2 3 4 5 6 7
Ke

Sekil 5. M =1s ve farkh 6 agilari igin kararlihk bélgeleri.

015 T T T T T
—K_=45K=16
- - -K, =45 K=1.921
0.1 e K =45 K =22

0.06

Af(pu)
o

-0.05

-0.15 1 1 1 1 1
0 5 10 15 20 25 30

t(s)

Sekil 6. M =1s ve farkh 6 agilari igin kararlihk bélgeleri.
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Yapilan bagka bir 6nemli analiz, Sekil 2'de tanimlanan farkli gecikme senaryolari (
71> 19, 14 = 75 V€ 14 < 1, ) dikkate alinarak kararlilik bolgelerinin incelenmesidir. EA ve

DTC kontrol gevrimi katihm faktorleri (¢, = 0.8, a4 =0.1, a, =0.1) birbirine esit

alindiginda ve M =1s genlik degerinde, Sekil 2'de verilen polar koordinat lizerinde Ug

farkh 49:300,450 ve 60° aci degeri igin sistemin kararllik bolgeleri elde edilmistir. Bu
aci degerleri igin EA ve DTC kontrol ¢evriminin gecikme degerlerini sirasiyla
(ry = 0.866s, 7, =0.5s), (14 =15 =0.707s) V€ (74 = 0.5s, 7, = 0.866s) Olarak elde
edilebilir. Baska bir anlamda, bir bolgeli YFK-EA-DTC glg¢ sisteminde DTC ve EA
tarafinin gecikme miktarinin agirliginin kararlilik bélgeleri GUzerinde etkisi incelenmigtir.
Bu durumlara karsilik gelen kararliik bolgeleri Sekil 5'den goértlmektedir. Sekil 5

incelendiginde, 9=300 icin elde edilen kararlilik bolgesinin digerlerine kiyasla daha
blylUk oldugu gorulmektedir. Bu durumun pratik anlami, EA gruplari tarafindaki
gecikme degerinin DTC kontrol ¢evrimi tarafinda gézlemlenen gecikme degerlerinden
blyuk olmasi durumunda (-, > r,) daha genis kararlilik bolgeleri hesaplanmaktadir.

Dolayisiyla, bu duruma kargilik gelen kararlilik bolgelerinden daha genis bir aralikta Pl
denetleyici setinin belirlendigi gorulmektedir.

Son olarak, elde edilen kararlilik bdlgelerinin dogrulugunu gostermek igin Sekil 3'de
verilen ag=0.7,01=0.1,a, =0.2 igin hesaplanan Kkararlilik bdlgesinin igerisinden

(Kp =4.5,K; =1.6), Uzerinden (Kp =4.5,K; =1.921) ve digindan (Kp =4.5K, =2.2)

secilen denetleyici kazang degerleri icin benzetim g¢alismalari yapiimistir. Segilen Gg¢
farkll denetleyici kazang degerlerinde t =0 aninda AP, =0.1pu YyUk degisimi altinda

sistemin frekans tepkisi incelenmis ve Sekil 6'da gosterilmistir. (Kp = 4.5,K, =1.6) igin
frekans tepkisinde salinimlarin giderek azaldigi ve sistemin kararli oldugu
gortlmektedir. (Kp =4.5,K; =1.921) igin sistemin frekans tepkisinde surekli devam

eden salinimlardan dolayi bir bolgeli YFK-EA-DTC sisteminin sinirda kararli oldugu ve
(Kp =4.5K, =2.2) i¢in frekans tepkisinden sistemin kararsiz oldugu agikga

gOrulmektedir.
5. Sonug

Bu calisma, EA gruplari ve DTC kontrol gevrimi iceren bir bolgeli YFK sisteminin
denetleyici parametre diizleminde kararlihk bolgelerini sunmaktadir. Oncelikle, EA
gruplart ve DTC kontrol gevriminin katihm faktorlerinin sistemin kararhilik bolgeleri
uzerindeki etkisi incelenmigtir. Bu analiz dogrultusunda, DTC kontrol ¢evriminin
frekans duzenleme servisi uzerinde katilimi arttik¢ca kararlilik bolgelerinin genigledigi
ve dolayisiyla daha genis bir denetleyici setinin elde edildigi gorulmustar. Ancak, EA
gruplarinin frekans duzenleme servisi Uzerinde katihmi arttikga kararlilik bolgelerinin
daraldigi tespit edilmigtir. Bir diger 6nemli analiz, EA gruplari tarafinda ve DTC kontrol
cevrimi tarafinda farkli haberlesme zaman gecikme degerleri gbzlemlenmesi
durumunda senaryolar olusturularak bir bolgeli YFK-EA-DTC sistemin kararlilik
bdlgeleri belirlenmigtir. Bu senaryolardan, DTC kontrol ¢gevrimi tarafinda gézlemlenen
gecikme degerlerinin EA gruplari tarafinda gézlemlenen gecikme degerlerinden buyuk
oldugu durumda kararlilik bdlgelerinin daha buyuk oldugu gértlmustir. Son olarak,
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Matlab/Simulink ortaminda yapilan benzetim calismalari ile kararlilik boélgelerinden
secilen denetleyici kazang degerleri icin sistemin frekans tepkisi incelenerek teorik
sonuglarin dogrulugu gosterilmistir.

Tesekkur

Bu galisma, TUBITAK tarafindan desteklenen 118E744 nolu “Elektrikli Ara¢ Gruplari
Ve Dinamik Talep Cevabi iceren Yiik Frekans Kontrol Sistemlerinin Zaman
Gecikmesine Bagl Kararlilik Analizi ve Gurbuz Denetleyici Tasarimi” isimli arastirma
projesi kapsaminda gerceklestiriimistir. TUBITAK'a desteklerinden dolayi tesekkir
ederiz.

Ekler
Denklem (5)'de verilen P(s), Q(s) ve R(s) polinomlarina ait p, q ve r katsayilari
sistem parametrelerine bagli olarak asagida verilmistir.
p7 =MRTGT, TcTey
Pg = DRTgTrTCTEA + MR(I'gTrTC + T, TcTea +TchTEA +TgTrTEA)
P5 = DR(TgTrTC +T, TcTea +TchTEA +TgTrTEA)+

MR(T, Te +TgTe +TgT +TeTea + Ty Tea + TgTen)
Pg =DR(T,T¢ +TyTe +TyT, +TcTea + T Tea +TgTea) +

MR(Te + T, +Tg +Tga) + FpT, Tea + Kplag BRF,T; Teal
p3 =DR(T; +T, +Ty +Tega)+ MR + Folr +Tea +

KplaoBR(Tea + FpTy )1+ K, [ag BRFT Teal
po =DR +1+ Kp[aOﬂR]+ K[ SR(Tga + FpTr )l
P1 =K [2pAR]
05 = KplaySRKEATG T Tc
Ag = Kp[ayBRKea (T, T +TgTe +TgTy )]+ K [y BRKgaT T, T ]
A3 = Kpla1SRKea(Te + Ty +Tg )1+ K [y SRKga (T T +TgTe +Tg Ty )]
02 = Kpla1SRKeal + K [ SRKea(Te + Ty +Tg )]
01 =K [4SRKEA]
rs = (Kp(pTe)RTeaTcTgTra2);
5 = KpoTc)Ra2(TeaTcTg +TeaTc Ty +TeaTgTr +TcTgTr )+ Ky (pre)Ra2TeAT T Ty
ry =Kpre)Ra2(Teale +TeaTg +TeaTr +TcTg + T T +Tg Ty )+

K| (DTC )Ra2 (TEATch HTealcTy +TEATrTg +TchTr );
3=KppT1c)RA2(Tga + T +Tg + T )+

Ki(oTc)Ra2(TeaTe +TeaTg +TeaTr +TcTg +TcT, +Tg T );

r=KppTc)Ra2+K|(pTC)RA2(TEA + T +Tg +T1);
n=Kprc)Raz.
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Alfa—Bagimlh Gurdltila Ortamlarda Agirliklandiriimis Meridian
Filtrelerin Diferansiyel Geligsim Algoritmasi lle Optimizasyonu

Hasan Zorlu, Simay Kaya
Elektrik Elektronik Mihendisligi Boliimii, Erciyes Universitesi, Kayseri, Tiirkiye
hzorlu@erciyes.edu.tr, simaykya@hotmail.com

Ozet: istenmeyen giiriiltii ve paraziti gidermek icin filtreleme islemi bilyiik 6neme
sahiptir. Dogrusal bir filtre ile filtreleme yapildiginda dogrusal olmayan diirtl
gurdltdld ortamlarda filtre verimi olduk¢a diusmektedir ancak dogrusal olmayan
Meridian filtre ile bu ortamlarda verimli filtreleme yapilabilmektedir. Dartl garaltal
ortamlarda dogrusal olmayan Agirliklandiriimig Meridian filtrelerin optimizasyonu
icin klasik algoritmalar olarak adlandirilan turev tabanl algoritmalar literatirde
sunulmustur. Bu c¢alismada, ¢esitli pencere uzunluklarina sahip olan
Agirhklandiriimis Meridian filtreleri, evrimsel bir algoritma olarak bilinen diferansiyel
gelisim algoritmasi (DGA) ile optimize edilmistir. Bu makalenin katkisi, dogrusal
olmayan Agirliklandirilmis Meridian filtrelerin parametrelerinin optimizasyonunda
evrimsel bir algoritma olan DGA'nin kullaniimasina dayanan yeni bir yontem
Onermektir. Simllasyon sonuglarina goére; DGA ile optimize edilmis
Agirhklandinimis Meridian filtreleri, a-bagimli gurultdld ortamlan etkili bir sekilde
bastirma yetenegine sahiptir.

Anahtar Kelimeler: Optimizasyon, dogrusal olmayan filtreleme, Agirliklandiriimig
Meridian filtre, diferansiyel gelisim algoritmasi, a-bagimh guraltd.

Optimization of Weighted Meridian Filters by Differential Evolution
Algorithm in a-Stable Noisy Environments

Hasan Zorlu, Simay Kaya
Department of Electric Electronic Engineering, Erciyes University, Kayseri, Turkey
hzorlu@erciyes.edu.tr, simaykya@hotmail.com

Abstract: Filtering has great importance to remove unwanted noise and
interference. When filtering with a linear filter is done, the filter efficiency decreases
considerably in non-linear and impulses noise environments, but efficient filtering
can be done with a nonlinear Meridian filter. Derivative-based algorithms, called
classical algorithms, for the optimization of Weighted Meridian filters which are
nonlinear filters in impulse noisy environments, are presented in the literature. In
this study, Weighted Meridian filters with various window lengths have been
optimized with a differential evolution algorithm (DGA) known as an evolutionary
algorithm. The contribution of this paper is to propose a new method based on the
use of DGA, an evolutionary algorithm, to optimize parameters of nonlinear
Weighted Meridian filters. According to the simulation results; with DGA optimized
Weighted Meridian filters are capable of effectively suppressing a-stable noisy
environments.

Keywords: Optimization, nonlinear filtering, Weighted Meridian filter, differential
evoluation algorithm, a-stable noise.

1.Giris

Sinyal isleme problemlerinde en iyi ¢ozumu elde etmenin klasik sureci, mevcut
problem igin belirli bir gurGltt ve sinyal modeli olusturmaktir. Bazi durumlarda, en iyi
¢ozimde kuguk sapmalar g6z ardi edilebilmektedir. Radyo baglantilarindaki
atmosferik gurdltd, iletisim kanallarinda insan yapimi guraltd ve yayilmis spektrum
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sinyalleri, su alti akustigindeki guraltl gibi dogada birgok sinyal ve ses vardir. Dogadaki
bu tur sinyaller durtu seklindedir. Gauss olmayan ortamlarla daha dogru bir sekilde
tanimlanabilmektedir. Dartt gurtltalt ortamlar, veri kiimelerinde sivri, dizensiz veya
keskin bi¢cim olarak taninmaktadir. Literaturde, durtl gurultd ve sinyal modeli olan a-
bagimli dagilimi ile ilgili sinyal isleme galismalari dnemli dizeyde artmaktadir (Shinde
and Gupta, 1974; Zorlu, 2017).

a-Bagimh dagihm (SaS) sinifi, asadidaki karakteristik isleve sahip dagiim ile
karakterize edilebilir:

¢ (t) = exp(jut — y|t|*[1 + jBsign(®)w(t, )]), (1)

Eger a # 1 ise w(t, a) = tan (%) ve a =1 ise (2/,T) log |t|; burada a, 0 <a < 2,

—o< a < arahgi ile sinirh karakteristik Us olarak adlandiriir ve a dagilhm
kuyruklarinin agirhgini kontrol eder, p gergek degerli konum parametresidir. y, dagilim
parametresidir ve y > 0, yogunlugun konum parametresi etrafindaki dagilimini belirler.
Ayrica B, —1 < B < 1 aralidi ile sinirli simetri parametresi olarak adlandirilir (§ = 0 ise
dagilim simetriktir) (Ma and Nikias, 1996). Gurultu, a = 1 iken Cauchy dagilimi ve a =
2 iken Gauss dagihmi olmaktadir. SaS'nin ilging bir 6zelligi, Cauchy ve Gauss olanlar
digsinda genel kararli yogunluk ve dagilim fonksiyonlari i¢in kapali form ifadelerinin
olmamasidir (Pander, 2004). Bir sinyalin istenen bilesenini herhangi birinden ayirmak
veya zayiflatmak amaciyla sinyali iglemek gerekmektedir. Alinan sinyalden istenmeyen
gurdltt ve paraziti gidermek igin filtreleme yapilmaktadir (Arce, 2005). Dogrusal sinyal
islemede kolay bir tasarima sahip olan lineer filtreler, 6zellikle gurulta filtreleme olarak
daha ¢ok sinyal isleme alaninda kullanilmaktadir ancak dogrusal yontemler yuksek
genlikli gurulta ile ciddi bozulmaya neden olabilirler (Arce, 2005; Zorlu, 2017). Dogrusal
bir filtre ile filtreleme yapildidi slUrecte veri dizisinde beklenmedik dederler oldugunda
filtre verimi dusmektedir ancak dogrusal olmayan sinyal igsleme yontemleriyle verimde
onemli gelismelerin elde edilebilecegi gorilmektedir (Arce, 2005). Dolayisiyla, Mean
filtre, Median filtre, Myriad filtre, Meridian filire ve birgok dogrusal olmayan filtreler
literatirde sunulmaktadir (Kalluri, 1998). Agirliklandiriimis Mean, Agirliklandiriimis
Myraid ve Agirliklandiriimis Median filtre aileleri, sirasiyla Gaussian, Cauchy ve
Laplacian istatistiklerine gore maksimum olasilik konum tahmin edicisinden (ML)
turetilmistir. Burada Laplacian dagilimi igin benzer bir istatistiksel iliski mevcuttur, iki
bagimsiz Laplacian dagitilmis rastgele degigsken orani olarak olusturulan rastgele
degiskenin dagihm islevi turetilmistir. Meridian dagihm elde edilen istatistiklerin ayni
zamanda genellestiriimis Cauchy dagilim (GCD) Uyesi oldugu gosterilmigtir. Meridian
filtreleme, saglam sinyal isleme icin Onerilmektedir. Meridian filtreleme daha sonra
Agirliklandirilmis  Meridian  filtrelemeye  genisletiimektedir ~ (Aysal, 2007).
Agirliklandirilmis  Meridian filtreleri, N uzunlugundaki bir gozlem penceresi igin
agirliklara (parametrelere) sahiptir. Bir adaptif filtre tasarlarken Agirliklandiriimig
Meridian filtrenin parametre optimizasyonu oOnemli bir problemdir. Bu problemi
¢6zUmunde literaturde klasik algoritmalar olarak adlandirilan (Kalluri and Arce, 1999)
tarafindan gelistirilen tlrev tabanli algoritmalar, en dik inig yontemine dayali uyarlamal
algoritmalardir. Evrimsel ve tlrevsel serbest tabanli algoritmalardan olan (Storn and
Price,1997) tarafindan gelistirilen diferansiyel gelisim algoritmasinin (DGA),
literatlrdeki optimizasyon problemlerini ¢ézmek icin etkili bir ydéntem oldugu
dogrulanmisgtir. Dogrudan arama yontemleri, maliyet degeri bir bilgisayar
simullasyonunda kolayca uygulanabilmektedir. DGA, tirevlenemez, dogrusal olmayan
ve ¢cok modlu maliyet fonksiyonlarini idare etme yetenegine sahiptir (Storn, 1999). ilk
parametre degerlerinden bagimsiz olarak ¢ok modlu bir arama alaninin gergek global
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minimumunu bulma, hizli yakinsama gibi avantajlari bulunmaktadir. Birka¢ secilmesi
kolay kontrol parametresi gerektirmektedir (Karaboga, 2005). DGA, filtre optimizasyon
calismalarinda yol gosterici olan (Zorlu, 2017) da kullanarak Agirliklandiriimig Myriad
filtrelerinin parametre optimizasyonu igin uygulanmigtir. Bu makalenin temel amaci, a-
bagimli gurtltald ortamlarda dogrusal olmayan Agirliklandiriimis Meridian filtrelerinin
parametrelerini, algoritmadan bagimsiz bir turevle tahmin etmek igin DGA
uygulanmasidir. Literatlrde evrimsel algoritma ile ilk kez bir Agirliklandirilmig Meridian
filtrenin parametreleri optimize edilmistir. Farkli parametre uzunluguna sahip c¢esitli
Agirliklandiriimis  Meridian filtreleri bu algoritma kullanilarak optimize edilmigtir.
Simulasyon sonuglart DGA'nin sinyallerdeki a-bagimli gurultaya etkili bir sekilde
bastirdigini gostermektedir.

2. Agirhiklandinimis Meridian Filtre

Dogrusal olmayan Meridian filtreleme, dogrusal olmayan sinyal islemede basaril bir
sekilde kullaniimaktadir. Meridian filtrenin giris parametresi;

N _
Xiliz1 = X1, X2, «.sy Xy

N tane bagimsiz girigs vektoru ve sabit bir pozitif ayarlanabilir § degeri (dogrusallik
faktoru) verildiginde, ¢alisan Meridian filtre yapisi;

p=argmin[YL, log{s + |x; — BI}] = median{x;|}_;}
(2)

Seklinde bir amac fonksiyonuna sahiptir. Meridian tahmincisi ciktisi, en kiiclik S
fonksiyon degerini veren girdi degeridir. Global minimumun yerel minimumlarindan
birinde, yani girdi 6rneklerinden birinde gergeklesmesi gerekmektedir.

Meridian filtreleme Agirliklandiriimis Meridian filirelemeye genisletiimektedir. Meridian
filtrenin giris parametrelerine negatif olmayan agirliklar atanarak agirlikli Meridian filtre
olusturulmaktadir. Girdi érneklerinin modellenmesinde farkli dlgek faktérleri atayarak,
farkli agirliklara yol acarak, bunlarin degisen guvenilirlikleri veya zamansal konumlari
etkin bir sekilde agiklanabilmektedir.

Agirliklandinlmis Meridian filtrenin giris parametresi; x;|~., = x;, x5, ..., xy , Agirlk
parametresi; h;|Y., = hy, hy, ..., hy seklinde verilmektedir. Agirliklandiriimis Meridian
filtre yapisi;

p=argmin[ £, log{6 + hylx; — BI}] = meridian{h;ex;|'L,; 53 (3)

seklindedir. Burada e, minimizasyon probleminde agirliklandirma islemini belirtir
(Aysal, 2007). Adaptif filtre algoritmalarinin amaci Meridian filtresini filtre ¢ikig sinyali
ile istenen sinyal arasindaki hata sinyalinin mutlak degerini en aza indiren filtre
parametrelerine h (agirlklar) uyarlamaktir (Stork, 2010). Adaptif algoritmalar
literattrdeki Agirhiklandirilmis Meridian filtrelerinin optimizasyonu igin (Kalluri and Arce,
1998) tarafindan esitlik (4)’teki gibi ifade edilmektedir.

hi(n+1)= h;(n) — psgnle(n)] {y—} (n) 4)
(L5 (r=x)?)

En dik inis metodu (sleepest descent) ile agirliklari her seferinde anlik olarak

guncelleyerek ortalama en kuguk karesel hata (MSE) en aza indirmeye calisilir.

Burada x filtrenin giris sinyali, y filtre ¢ikis sinyali, u adim boyutu, e istenen girig ve filtre
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cikigi arasindaki hata, ve K dogrusallik faktérinu ifade etmektedir (Kalluri and Arce,
1999). Agirhiklandinimig Meridian filtreleri ve algoritmalari literatirde (Stork, 2010)
tarafindan kullanilarak darttd gurdltistyle bozulmus sinds sinyalini bilgisayar
simulasyonu araciligiyla guraltd minimize edilmistir.

3.Diferansiyel Gelisim Algoritmasi

Diferansiyel gelisim algoritmasinin (DGA), literatlirde optimizasyon problemlerini
¢ozmek icin etkili bir yontem oldugu dogrulanmistir (Storn, 1999). Temel olarak,
DGA'nin populasyon boyutu (NP), iterasyon sayisi (GN), kombinasyon faktoéri (CF),
Olcekleme faktoru (F), Ust ve alt sinirlar (ULB), gecis hizi (C) olmak tzere alti dnemli
parametreye sahiptir. Algoritmanin temel basamaklari asagidaki gibidir.

Baslatma
Degerlendirme
TEKRAR ET
Mutasyon

Yeniden birlestirme
Degerlendirme
Secimi

KADAR (Sonlandirma kosulu evet ise bitirilir hayir ise mutasyona geri donulir)

Gordldaga gibi, mutasyon, yeniden birlestirme ve sec¢im algoritmanin dnemli
operatorleridir (Ozer and Zorlu ,2011; Zorlu, 2017). Diferansiyel gelisim algoritmasi
(DGA)nin en belirgin 6zelligi, vektorlere agirlikh, rastgele vektér diferansiyelleri
ekleyerek mutasyona ugratmasidir (Cheng and Hwang, 2001).

3.1.Mutasyon

Her x; ; hedef vektoru igin, rastgele segilen ve birbirinden farkli olmasi gereken i, r; ,
r,, 13 € {1, 2, ..., NP} tarafindan bir mutant vektor tretilmektedir.

Vig+1 = Xic + CF. (xrl,G — Xig ) + SF(Xpp6 — Xr3,6) ()

Esitlik (5) te, CF kombinasyon faktértudur, NP populasyon sayisidir, SF dlgeklendirme
faktorudur ve G iterasyon sayisidir ( Karaboga and Okdem, 2004; Zorlu, 2017). Sonraki
nesil G+1 igin, mutasyon semasina gore yeni vektorler v; ;,, Uretilmektedir. r; ve r,
tam sayilari [0,NP-1] Gzerinden rastgele segilmektedir. Belirli kogullar altinda indeks
rastgele bir sayl r; ile degistiriimektedir. (xrl,G —xi,G) diferansiyel varyasyonunun
amplifikasyonunu kontrol eden gergek bir sabit faktordur ve genellikle [0.1, 1]
araligindan alinmaktadir (Karaboga, 2004; Storn, 1999 ).

3.2.Caprazlama

Bir deneme vektorl u;; ¢4, olusturmak igin, ana vektor mutasyona ugramig vektorle
karigtiriimaktadir.
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Vjig+1 Thd; < CRyadaj=1n
Xjic rnd; > CRvej #rn;

Ujic+1 = { (6)
Buradaj=1,2,..., D; rj € [0,1] rastgele sayidir; CR gegis oranidir, bir parametrenin ne
zaman degistiriimesi gerektigini belirlemektedir ve rn; € (1,2,..., D) rastgele segilen
indekstir, D parametre sayisidir (Cheng and Hwang, 2001; Zorlu, 2017).

3.3.Segim

Secim, daha iyi yavrular uretme surecidir (Cheng and Hwang, 2001).

U1 [Uige1) < Xig (7)

x.. = . .
ji,G+1 {xi'G aksi taktirde

Hedef vektor x; ;, deneme vektorl u; ;.1 ile karsilastirlmaktadir ve esitlik (7) degerinde
en dusuk igleve sahip olan sonraki nesle kabul edilmektedir (Zorlu, 2017).

4.Simulasyon Calismalari

Simulasyonlarda, Adaptif Agirliklandiriimis Meridian filtresinin  DGA ile egitim
optimizasyonu $ekil 1'de verilmigtir. Bu sekilde x(n) gurultisuz girig sinyali, v(n) a-
bagimli gurulta sinyali; s(n) ise gurdltt sinyali v(n) 'in guraltisiaz giris sinyali olan x(n)'
e eklenmesiyle elde edilen gurultult sinyaldir; d (n) ve x (n) sinyalleri ayni sinyallerdir,
y(n) Adaptif Agirliklandirilmis Meridian filtresinin ¢ikis sinyalidir ve e(n) esitlik (8)'de
ifade edilen, d(n) ve y(n)'in arasindaki farktan elde edilen hata sinyalidir.

e(n) = y(n)-d(n) (8)

x(n) din)

Gariltisaz
Giris

Istenen
Sinyal

:-_JI'I-' ’3
e Agirhiklandirilmsg yin) + +3
Meridian Filtre . (

o
vin)
Gurthti
Algonitma ||

DGA

elin)

Sekil 1. Adaptif optimizasyon i¢in Agirliklandirilmis Meridian filtresinin
egitim sistemi
Bu simulasyon c¢alismasinda gurultistiz giris sinyali x(n) = 2sin(2nn/1666),
n=0,1,...... ,L-1 seklindedir. x (n) sinyalinin veri uzunlugu L = 2000 olarak alinmigtir.
Sekil 2’de gurdltu sinyali, Sekil 3’te istenen sinyal verilmigtir.
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Optimizasyon surecinde, Agirliklandiriimis Meridian filtrelerinin parametreleri, bir
maliyet fonksiyonu yardimiyla, d(n) istenen sinyal ve y(n) Agirliklandiriimig Meridian
filtre ¢iktisi arasindaki hata degeri minimize edilir. Bu tasarimda maliyet fonksiyonu
J(h) 'nin min J(h) olarak gosterilen bir optimizasyon problemi olarak degerlendirilebilir,
h =[hy, hy, ..., hy ], esitlik (2)'deki denklemde Agirliklandiriimis Meridian filtresinin
katsayl vektorudur. Bu calismada ortalama en kugUk karesel hata (MSE) maliyet
fonksiyonu, kullaniimistir. Egitlik (9)’'da ifade edilen MSE maliyet fonksiyonudur.

Juse(h) = e(m)? = T EN_, (d(n) — y(n))? 9)

Burada d(n) istenen sinyal, y(n) ise filtrenin gercek cikisidir ve N, maliyet
fonksiyonunun hesaplanmasi i¢in kullanilan o6rnek sayisidir.  Optimizasyon
islemlerinde a = 1 ve ve y = 0.1 olan a-kararl gurtlti sinyalleri ve farkli uzunluklara
sahip cesitli Agirliklandinimis Meridian filtresi kullaniimigtir. Bu islemlerin detaylari
asagidaki ornekte verilmigtir.

Filtrelemenin en 6nemli kisimlarindan biri filtre pencere uzunlugunun elde edilmesidir.
Filtre pencere uzunlugu kisa ise filtrenin performansi azalir ve matematiksel iglemler
az olur ancak bu uzunluk uzun olursa filtrenin performansi artar ve matematiksel
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islemler de artar. Cesitli uzunluklarda Agirliklandiriimigs Meridian filtresinin
optimizasyonu i¢in 6nerilen bu 6rnek, bahsedilen ortam olarak kabul edilir. Bu drnekte,
sirasiyla pencere uzunlugu N = 5, 7, 9, 11 olan 4 farkh Agirhiklandiriimis Meridian
filtresi, girig sinyalinden a = 1 ve y = 0.1 olan a-kararli gurultu sinyalini ortadan
kaldirmak icin kullanilir. Similasyonda kullanilan giriltili giris sinyali s(n)'dir. Ornekte
DGA'nin kontrol parametreleri, gegis orani (CR): 0,9, olgekleme faktoru (SF): 0,8,
kombinasyon faktora (CF): 0,8 ve iterasyon sayisi (G): 150 olarak alinmigtir.
Populasyon buyuklugu Agirliklandirilmig Meridian filtrelerinin pencere uzunluguna
bagh olarak (10xN) formulG ile secilmistir populasyon boyutu, N = 5 olan
Agirhklandiriimig Meridian filtreleri igin populasyon buyuklugu 50, N=7 iken populasyon
blayUklugu 70, N=9 iken populasyon buyukligu 90, N=11 iken populasyon buyuklugu
110’dur. Egitim simulasyonlarindan elde edilen farkli uzunluktaki Agirliklandiriimig
Meridian filtrelerinin ortalama en kiglk karesel hata (MSE) maliyet fonksiyonu
sonuglart Tablo 1'de verilmigtir. Farkh uzunluklarda Agirliklandiriimis Meridian
filtrelerinin parametre degerleri Tablo 2'de gdsterilmistir. Algoritma ile optimize edilmis
Agirhiklandirilmis Meridian filtrelerinin sonuglari Sekil 4‘te gosterilmistir. Bu ornekte,
Agirliklandiriimis  Meridian, Tablo 2'deki DGA algoritmasi igin Agirliklandiriimig
Meridian filtrenin farkh parametre degerleri tahmin edilmistir. DGA ile Agirhiklandiriimig
Meridian filtrenin parametre degerleri basarili bir sekilde optimize edilmistir.

Tablo 1. Ortalama en kiigiik karesel hata (MSE) maliyet fonksiyonu sonuglari

Algoritma iterasyon Sayisi  Filtre uzunlugu(N) MSE
DGA 150 5 0.0095
DGA 150 7 0.0095
DGA 150 9 0.0096
DGA 150 11 0.0097

Tablo 2. Farkh uzunluktaki Agirliklandirilmig Meridian filtrelerinin parametre

degerleri
Filtre
uzunlugu Agirhiklandiriimisg Meridian Filtrelerin Parametre
Algoritma (N) Degerleri (h)
DGA 5 h, =1.8166; h, =2.0938; h; =1.5615;
h, =1.6108; hg; = 1.4689
DGA 7 h, =1.7765; h, =2.0140; h; = 1.5336;
hy, = 1.5975; hg =1.3873; hg=—2.7440;
h, = 2.8617
DGA 9 h, =1.8195; h, =1.9867; h; =1.4930;
h, =1.6390; hg =1.4549; hs = 32.6816;
h;, = 15.8804 ; hg = 21.7699 ; hg = —57.0733
DGA 11 h, = 1.7698; h, =2.0074; h; =1.5283;

h, =15926;  hs = 1.3843; h, = —83.6824
h, = —95.5759; hg = —5.0577; ho = 12.3349;
hyy = —36.6083 ; hy; = 9.0512
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Sekil 4.( a) Agirhiklandiriimis Meridian filtresinin test edilmesi icina=1vey =
0.1 olan gurultula girig sinyali s(n). Sirasi ile DGA tarafindan optimize edilmis
(b), (c), (d), (e), N=5,7,9, 11 uzunluklu Agirhiklandiriimig Meridian filtre ¢ikiglari

5.Sonuglar

Bu calismada, diferansiyel gelisim algoritmasi kullanarak ilk kez Agirhklandiriimis
Meridian filtrelerinin parametre optimizasyonu gerceklestiriimistir. Simulasyonlarda,
farkli uzunluklara sahip Agirliklandirilmis Meridian filtreleri, a-kararli guralttleri ortadan
kaldirmak icin bu algoritma ile optimize edilmistir. Ortalama en klglk karesel hata
(MSE) degerleri filtre uzunluklarina gore degisiklik gostermistir, filtre uzunlugu arttikca
hata degeri artmistir.
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Abstract: In order to increase spectrum efficiency and reduce the transmitter
power, Multiple-Input Multiple-Output (MIMO) algorithms have been developed and
successfully implemented in wireless communications. One of the key aspects of
Fifth Generation New Radio (5G NR) is massive MIMO, where elements of an
antenna array will be dynamically allocated to users. Therefore, the objective of this
study is to examine the effects of MIMO on the throughput in 5G NR Physical
Shared Downlink Channel (PDSCH). The study first simulates and observes how
the required transmitter power is reduced with the use of multiple antennas both in
the receiver and in the transmitter. Single-Input Multiple-Output (SIMO), Multiple-
Input Single-Output (MISO) and MIMO cases are considered separately. Then,
PDSCH with multiple layers is simulated in order to observe how spectrum
efficiency is improved through spatial multiplexing gains. The results show both
increase in spectrum efficiency and reduced transmitter power are achieved with
the use of antenna arrays.

Keywords: 5G NR, MIMO, PDSCH, Spatial diversity, Spatial multiplexing

1. Introduction

The deployment of Antenna Arrays to mobile communications has gained considerable
attention in the last two decades, mainly due to the development in the Multiple-Input
Multiple-Output (MIMO) processing algorithms and in the improvements in the
computing capabilities of the mobile devices. The term MIMO encompasses all the
techniques and the signal processing methods involved in the successfully
transmission of modulated signals through an array of multiple transmit and receive
antennas. MIMO improves the system performance by providing spatial diversity and
spatial multiplexing.

Spatial diversity implies the transmission of a data symbol through multiple signal paths
separated in space by multiple transmit-receive antenna elements. To improve
communication performance, the signals that are transmitted over these multiple path
need to be coherently combined at both the transmitter and the receiver. The coherent
combination is carried out by multiplying the signals of the antenna array elements with
complex precoding and combining matrices at the transmitter and the receiver
respectively. The coherent combination leads to the spatial processing gains of array
gain and diversity gain (Tse, 2005; Zaidi, 2018). Array gain is defined as the increase
in the average Signal to Noise Ratio (SNR) obtained by combining multiple antenna
signals to the SNR of a Single-Input-Single-Output (SISO) transmission. Diversity gain
is the degree of increased reliability due to the use of independently fading paths, which
is also defined as diversity order. Diversity order reduces the effects of fading by
combining communication paths that suffer different fading.

Spatial multiplexing, on the other hand, is the method of transmitting multiple data
streams over the same multiple paths to achieve higher data rate. Spatial multiplexing
leads to multiplexing gain, which is defined as the increase in data rate as a result of
transmitting multiple data streams over the same frequency and over the same
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antenna array elements. Multiplexing gain is particularly desirable in high SNR
situations where the achievable data rate is bandwidth limited rather than power limited
and splitting the available SNR into multiple weaker streams becomes more efficient
(Zaidi, 2018).

Improved reliability, increased spectral efficiency, and reduced transmitter power are
some of the main key performance indicators of Fifth Generation New Radio (5G NR),
which are addressed by antenna arrays and MIMO techniques. The implementation of
MIMO in 5G NR will be facilitated by the employment of massive MIMO, which is
defined as a very large antenna array of size 64 and upwards at the Base Stations
(gNB). The transition from small scale MIMO in Long Term Evolution (LTE) to massive
MIMO will be the defining characteristic of 5G NR. Therefore, there is a large body of
ongoing research on MIMO techniques in 5G NR (Telatar, 1999; Kabalci, 2021; Zaidi,
2018).

The aim of this study is to investigate the effects of MIMO on the throughput in 5G NR
Physical Shared Downlink Channel (PDSCH). The study first simulates spatial diversity
with the aim of observing array gain and the effects of diversity order on reliability.
PDSCH with Tapped Delay Line (TDL) channel model is simulated for MISO, SIMO,
and MIMO separately. Then, throughput analyses are run for multi-layer transmissions.
The effects of multiplexing gain is simulated in order to observe how spectrum
efficiency is improved through spatial multiplexing gains.

The rest of the paper is organized as follows; section 2 introduces how coherent
precoding and combining is achieved with Singular Value Decomposition (SVD), which
is also used in spatial multiplexing of layers in 5G NR. The second part of section 2
explains the PDSCH mapping procedures. Section 3 first describes the notion of
throughput and how it is used to observe performance. Then the section gives details
about simulation set-ups and displays the results as throughput vs SNR plots. Section
4 is the conclusion section, where the performance benefits of antenna arrays are
highlighted.

2. MIMO and 5G NR

In this section, first, obtaining precoding and combing vectors from the SVD of the
channel coefficients matrix is introduced and then their implementation in 5G NR is
explained.

2.1. Precoding and Combining

In MIMO transmissions, there are N, x N, number of channels between the transmitter

and the receiver, where Nr is the number of receive antennas and Nt is the number of
transmit antennas. To ensure improvements through this diversity, the signals should
combine in a constructive way both at the transmitter and at the receiver. The coherent
combination at the transmitter is achieved with the use of precoding matrix and at the
receiver it is achieved with the combining matrix. Fig. 1 shows the reference model
used in this study, where multiple antennas as well the channel coefficients matrix, H,
are shown.
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Figure 1: Reference Model for MIMO transmission

The precoding and combining vectors that optimally maximize SNR at the receiver
output are obtained through the SVD (Paulraj, 2008). In addition, SVD provides the
diagonalization that is required for spatial multiplexing. To obtain a SVD knowledge of
the channel coefficients matrix is assumed both at the transmitter and at the receiver.
The SVD decomposes the channel coefficients matrix H as:

H=uUDV" (1)
Where D =diag(s,, s,,...,s,) is a diagonal matrix of dimensions N, x N, and contains
the singular values in order from the maximum to the minimum, s, >s, >... >s,. U and
V are unitary matrixes of size N, xN, and N, x N, respectively. In other words, UU" = |
and VV" =1.In MIMO, the V matrix is used as the precoding matrix and the U" matrix
is the combining matrix.

Referring to the reference model in Fig. 1, where x and y represent complex values of
the modulated symbols to be transmitted and the received signal respectively, the
received signal after the channel coefficients are taken into account becomes:

y =Hx+n (2)

Applying the precoding and the combing matrices to Eq. 2 and simplifying it, the
received signal becomes:

y =U"(UDV"Vx +n) (3)
y =Dx+U"n (4)

Although, Eq. 4 shows how diagonalization is carried out with matrices, it is in fact the
vectors of the matrices that are used to precode and combine the streams. In other
words, the vectors of the V matrix become the precoding vectors, while the vectors of
the UM matrix are the corresponding combining vectors. V and U can be represented

as [V;,V,,..-,V,] and [u,,U,,...,u.], where vi and ui vectors are also orthonormal. It
should be noted that vector parameters are shown with bold and small letters.

Rewriting Eq. 3 and 4, the received signal is:
y, =u'(UDV"v.x +n) (5)
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Yy, =SX +u'n (6)

In Eq. 6, xi and y; are the sent and the received signals for the it" stream. The equation
shows that the received signal is the transmitted signal weighted by the singular value

for the given stream. The qH multiplier of the noise term is normalised and can be

ignored. When transmitting a single layer, only the first singular value is used and the
whole MIMO architecture can be thought of as a single virtual SISO channel weighted
by the dominant singular value:

y =s,Xx+n (7)
On the other hand, to achieve spatial multiplexing, multiple streams are transmitted in
parallel over multiple virtual SISO channels and each transmission can be represented
with Eqg. 6. In spatial multiplexing, the singular values are taken in order starting from
the largest. Fig. 2 shows the symbolic representation of the multi-layer MIMO
architecture as virtual SISO channels.

TX1 RX1
X1 — —*) 51 Vs — ;1
Vv X2 RX2 U H

X, — j—@ S )*z — Y,

Virtual Channel

Precoding Combining

Figure 2: MIMO deduced to multiple virtual SISO channels for spatial
multiplexing

2.2. MIMO Processing in 5G NR PDSCH

The steps involved in the processing of the transport blocks received from the Medium
Access Control (MAC) Layer in PDSCH are shown in Fig. 3 (38.212, 2018; 38.211,
2018). Channel Coding and Modulation procedures are applied to all the transport
blocks. Layer Mapping and Precoding are MIMO specific algorithms and are only used
in the presence of multiple antenna ports. Finally, all antenna ports are OFDM
modulated separately.
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Figure 3: 5G NR PDSCH MIMO processing block diagram
2.2.1. Layer Mapping

Layer Mapping is the process of splitting the modulated complex symbols into multiple
streams and mapping each complex symbols to a stream. In 5G NR terminology, the
term layers is used instead of the term stream. The process of Layer Mapping is a
serial to parallel conversion. Layer mapping power allocation in the gNB is transparent
to the UE and is implementation specific. Although, the literature suggests that water-
filling algorithm is the optimum power allocation method for multi-layer transmissions
(Tse, 2005), the current study employs uniform power allocation method, where all the
layers are assigned equal power. To achieve unit power and uniform allocation, each

layer is multiplied by 1/\/[ , Where L is the number of layers.
2.2.2. Precoding

The precoding stage maps modulated complex valued symbols onto antenna ports,
according to a precoding vector. If multiple layers are present, a precoding vector is
applied separately for each layer and the precoding results for the layers are summed
for each antenna element (38.214, 2018). In 5G NR, the precoding must be also
applied to the Demodulation Reference Signal (DMRS), so that any precoding
algorithm is transparent to the User Equipment (UE) (38.300, 2020). The application
of the precoding matrix to the DMRS hides the precoding matrix within the channel
estimate.

2.2.3. Channel Estimation

Channel estimation in the UE is carried out by the DMRS, which is a set of signal
sequences. 5G NR specifications defines various aspects of the DMRS, such as its
allocation, mapping type, position in the resource grid, length, scheduling, etc. To
obtain the channel estimate matrix, channel coefficients for each transmit-receive
antenna pair have to be estimated. To obtain the coefficients, the transmitter assigns
a unique DMRS sequence(s) at a unique PDSCH OFDM grid position(s) for each
antenna port. The output of the channel estimation is the precoded channel coefficient
matrix.

2.2.4. Minimum Mean Square Error (MMSE) Receiver

The multiplication of the received signal with the combining vector is a form of a
Matched Filter receiver. However, the receiver used in the current study is an MMSE
receiver. MMSE receiver is designed to reduce the effects of noise enhancement and
Inter-Stream-Interference (ISI) inherent in Matched Filter and Zero Forcing receivers
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(Brown, 2012). MMSE receiver weights for k layers are calculated with the following
equation:

02 .
W :(HHH + 2l | H (8)

Where, 02 is the noise variance, Ik is a identity matrix. When the MMSE receiver is
used for a single layer transmission, where k=1, the weights matrix is applied to both
the received signal and the noise, as in Eq. 5 and its effect is the same as a matched
filter. However, in multi-layer communications it adds a denominator to the noise term
to prevent it from getting larger.

3. Simulation Set Up and Results

In this section, first, a single layer PDSCH is simulated for various transmit and receive
antenna configurations such as Multiple-Input Single-Output (MISO), Single-Input
Multiple-Output (SIMO), and MIMO. Then, PDSCH with multiple layers for MIMO is
simulated and the throughput gains are observed. All the simulations are run according
to the MIMO algorithms described in section 2 and with the parameters given in Table
1. The channel model employed is the TDL channel model, which defines the multipath
fading channel as a number of flat fading generators or taps. In the model, each tap is
an independent flat fading Rayleigh channel with a specific weight and delay profile
(38.900, 2018).

Table 1: Simulation Parameters

Simulation Parameters

Numerology 0
Subcarrier Spacing 15kHz
Number of RBs 25
Sample Rate 30,720,000
Modulation 16QAM
LDPC Code Rate 490/1024
Channel Estimation Perfect - TDD
Channel Model TDL-C
Delay Spread 100ns (Nominal DS)

The effects of the antenna array on the performance are evaluated in terms of
throughput vs SNR. The throughput is calculated as the number of bits in correctly
decoded transport blocks divided by time duration of the simulation. This definition
implies that throughput is directly related to Block Error Rate (BLER) and could be
reinterpreted as the difference between the total number of bits transmitted and the
number of bits times the probability of BLER for the given SNR. From the definition,
the following equation for throughput can be derived:

Throughput = Data Rate x (1 — BLER) (9)

Because, throughput is a function of BLER, which in turn is a function of SNR, the
overall effect of MIMO on throughput should follow the improvements in SNR, which
was defined as array gain in section 1.
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3.1. Throughput Results for MISO

A MISO transmission scheme using the parameters in Table 1 was set up and run for
antenna configurations of 2x1, 4x1, and 8x1. The simulation results are plotted as
throughput vs SNR with SISO results also shown on the same graph for comparison
reasons. The results are given in Fig. 4.

Data Rate in Eq. 9 is calculated according to (38.306, 2018) and is 7.424Mbps for the
parameters given in Table 1. To compare and assess the results, the SNR value for
which the maximum throughput is reached can be taken as a reference value. The
SNR at the maximum throughput is the SNR at which the BLER is 0 and implies the
improvements in SNR. The improvements in SNR for different transmission schemes
should be close to the theoretical array gains, which is given with the number of
transmit and receive antennas for MISO and SIMO (Paulraj, 2008).

The throughput improvements for 2x1, 4x1, and 8x1 MISO transmission compared to
SISO transmission are approximately 5dB, 10dB, and 15dB. Doubling the Nt indicates
array gain of 3dB but the simulation results show gains of 5dB for doubling the number
of transmit antennas. MISO throughput results show that the SNR improvements are
higher than the expected array gains.

Throughput for MISO
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Figure 4: Throughput Results for MISO

Besides the SNR gains, it should be pointed out that the slopes of the throughput
graphs get steeper with the number of transmit antennas. The steep graph for
throughput also indicates that the BLER falls very quickly around the given SNR. Steep
BER graphs are an indication of higher diversity gains (Paulraj, 2008; Tse, 2005).
Diversity gains are expected because as the number of transmit antennas goes up, so
does the diversity order or the number of independent transmission paths. Diversity
gains improve reliability as the number of rejected bits or blocks reduces very quickly
around the average SNR (Zaidi, 2018).
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3.2. Throughput Results for SIMO

Similar to MISO, simulations were run for SIMO transmission scheme with
antenna configurations of 1x2, 1x4, and 1x8. Throughput vs SNR simulation
results are given in Fig. 5.

Throughput for SIMO
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Figure 5: Throughput Results for SIMO

The SNR improvements for the throughput results for 1x2, 1x4, and 1x8 SIMO
transmission compared to SISO transmission are approximately 7dB, 12dB, and 17dB.
Similar to the MISO, these values are higher than the expected 3dB array gain for each
doubling of receive antenna numbers. The steepness of the throughput slopes is also
the same as in MISO.

Comparing the results in Fig. 4 and 5, it could be seen that the SNR performance for
throughput in SIMO is 1dB to 2dB better than MISO performance. One of the possible
explanations is the way channel estimation is carried out. Although, the study uses
perfect channel estimation, the use of the coefficients follow the reciprocity principle,
where the transmitter obtains the coefficients from the uplink, implemented as delayed
coefficients, whereas the receiver gets its channel coefficients from the current
received symbol. The performance difference in the MISO and SIMO transmissions
needs to be researched further.

3.3. Throughput Results for MIMO

The throughput vs SNR simulation results for 2x2, 4x4, and 8x8 MIMO transmissions
are displayed in Fig. 6. Compared to the SISO transmission, the SNR improvements
are approximately 12dB, 19dB, and 25dB, which are again better than the theoretical
array gain given as max{Nr,Nt} < AG < N N, (Clerckx, 2013).

The diversity gains of MIMO are also observable in the plots. It is clear from the results
that as the diversity order goes up, so does the steepness of the curve. 2x2 MIMO,
1x4 SIMO, and 4x1 MISO all offer 4 independent paths between the transmitter and
the receiver and also have similar steepness suggesting that similar diversity gain is
achieved in these three instances.
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Figure 6: Throughput Results for MIMO

3.4. Throughput for Multi-layer MIMO

The throughput vs SNR simulation results for 2 and 4 layers 2x2, 4x4, and 8x8 MIMO
transmissions are displayed in Fig. 7. The results show the maximum data rates for 2
layers and 4 layers are 14.856Mbps and 29.704Mbps respectively. These data rates
are confirmed with the data rate equation in (38.306, 2018). The multiplexing gains are
equal to the number of layers, as each layer transmits the same data rate.

Throughput vs Layers and Nt x Nr
30 [ f VVVVVVVV
Layers - Nt x Nr
—+— 1 Layer 1x1
281 |—e—2 Layers 2x2
—%— 2 Layers 4x4
—&— 4 Layers 4x4
—¥— 4 Layers 8x8

N
o
T

Throughput (Mbps)
>

-
o
T

1 : 1 1
-10 5 0 5 10 15 20
SNR (dB)

Figure 7: Throughput Results for Multi-layer MIMO

The figure shows that, both 2 layer and 4 layer transmissions are achievable for various
MIMO schemes with less SNR than SISO. 2 layer 2x2 MIMO and 4 layer 4x4 MIMO
both utilize the maximum possible number of singular values or virtual channels, and
comparing their throughput vs SNR results with SISO shows that spatial multiplexing
is achieved without any added cost to the SNR. Moreover, when all the virtual channels
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are not utilized and there is a degree of difference between the diversity order and the
number or layers, as in 2 layer 4x4 and 4 layer 8x8 transmissions, the SNR
performance is 12-13dB better than SISO transmission.

As described in section 2, the power allocation method for spatial multiplexing
employed in the study is uniform power allocation, where the transmitter power is
divided by L. Therefore, multi-layer MIMO’s SNR is always at least L times smaller than
the same diversity order MIMO with single layer. For example, single layer 8x8 MIMO
has an SNR advantage of 8dB compared to 4 layer 8x8 MIMO.

Multi-layer MIMO’s SNR performance is channel dependent as the performance is
proportional to the singular values for each virtual channel. The singular values are in
decreasing order and as the multiplexing gain goes up, the array gain and the diversity
gains will go down. For example, if the results for 2 and 4 layers 4x4 transmissions in
Fig. 7 are compared, the trade-off between increased throughput and increased SNR
is obvious, multiplexing gain of 2 deteriorates SNR performance by as much as 13dB.

4. Conclusion

The aim of the study was to investigate and simulate the throughput improvements
antenna arrays can bring to 5G NR PDSCH. The simulations were first run for single
layer MIMO, which shows how array gains and diversity gains are attained. The results
show that PDSCH SNR improvements are better than the expected array gains. The
study also, observed how spectral efficiency is improved with multi-layer MIMO
transmission. The results showed that maximum throughput can be improved with
multi-layer transmission at a reasonable SNR cost.

While, spatial diversity tries to improve SNR, spatial multiplexing tries to split the SNR
into weaker channels. In practice, the balance between the two in 5G NR PDSCH will
be dynamically managed. For example, when the SNR is higher than needed, spatial
multiplexing can be used and when it is low, only the spatial diversity techniques can
be used.
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Abstract: A thermoelectric module gives us electric power without using cycle fluid
and active components. Thermoelectric modules can generate DC power by using
thermal energy or can cooling or heating by using electric power. They are used
commonly because of being light and reliable. In this study, we were aimed to
create 2 different models with Matlab/Simulink and thermal-electric module of
ANSYS program’s for the Kryotherm TGM 199-1,4-0,8 module and then we
compare that results of ANSYS, Matlab/Simulink and the given catalog datas of the
manufacturing datasheet. We use two diffrent temperature gradient in this work.
These are 150-50 °C and 200-30 °C. In this temperatures, it is looked upon voltage,
current, power sections and for this study found that Matlab Simulink, Ansys and
catalog datas of the manufacturing datasheet informations are so close to each
other.

Keywords: Thermoelectric Generator, ANSYS, Matlab/Simulink

1. Introduction

The thermoelectric module is an energy conversion systems element. Thermoelectric
module generates energy from the temperature difference or thermoelectric module
creates a temperature difference between the two surfaces when a power is applied.
Thermoelectric energy systems work two different principles, one of them give the DC
voltage to system for create the temperature difference. The other principle, applied
the temperature gradient to thermoelectric module for create power. When DC voltage
is given to the system, the system acts as a heat pump for heating or thermoelectric
module work like cooling machine for cooling. The other case, when temperature
gradient are applied to the thermoelectric module sides, thermoelectric module work
like heat machine for generating DC voltage (islamoglu & Aybek, 2017).

The thermoelectric module use the Seebeck and Peltier effect. Semiconductor
materials produce electrical voltage due to temperature difference with the Seebeck
effect. Seebeck effect which forms the basis of thermocouple pairs used in temperature
measure. It is possible to get a DC voltage from the temperature difference with
thermocouple pairs. The opposite of this effect is defined the Peltier effect. When a DC
voltage was applied to the material, with the Peltier effect was observed that one of the
element pairs became warmer and the other cooled (islamoglu, 2018).

This materials has advantages and disadvantages as like all materials. Thermoelectric
module advantages are it features such as being quiet, lightweight and small, no need
to maintenance and being a renewable energy source. The biggest disadvantages of
the material is the Figure of Merit (Z) number that conversion efficiency.

Thermoelectric modules are generally used in many fields like defense, space, aviation
and automotive today.

Scientists continues work in many different areas such as obtaining electricity from the
exhaust and use this electricity to seat heating or cooling in the automotive industry.
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The other area cooling of electronic systems such as microprocessors. The other area,
obtaining the electric from the waste heat in the industrial chimney gases and
thermoelectric module can be used area such as obtaining the electric from the human
body (Zheng, Yan, & Simpson, 2013) (Gao, ve digerleri, 2012).

The thermoelectric module is an expensive material therefore some studies may be
made before using it and it might be consider to estimate the results. For this purpose,
programs use that ANSYS and Matlab/Simulink.

Huan-Liang Tsai and Jium-Ming Lin perform same study with Matlab/Simulink. They
use Matlab/ Simulink math function with thermoelectic module equation. This system
want to hot surface temperature and cold surface temperature for calculate module’s
voltage and current (Lin, Tsai, & Jium, 2010).

Aarti Kane, Vishal Vermai Bhim Singh perform same project with Matlab/Simulink but
this system time depend. | mean, if you change temperature, system again calculate
every variable and use new variable for calculated output data (Kane, Verma, & Singh,
2012).

The other study by Hayati Mamur with Yusuf Coban in 2020, similation of MPPT
(Maximum Power Point Tracking) with buck-boost converter for thermoelectric module.
They perform MPPT system for thermoelectric module with Matlab/Simulink. Buck-
Boost converter use in this system for found maximum power and this power matched
voltage. They found power after that system work for provide this voltage. This system
aim provide maximum power from thermoelectric module (Hayati & Coban, 2020).

Photovoltaik panel use solar radiation for provide electric and photovoltaik panels
heating all day. This event cause decrease photvoltaik panels efficiency, thus scientist
think to use thermoelectric module for cooling photovoltaik panels. Aarti Kane and
Vishal Verma perform study about photovoltaic panels with thermoelectric module.
They use thermoelectric module from photovoltaic panel down side for cooling
photovoltaic panel. They desing system with Matlab/Simulink and use PID
(Proportional Integral Derivate) controler for system stabilization (Kane & Verma ,
2013).

Md Sadequr Rahman Bhuiyan, Adel EI-Shahat and Valentin Soloiu perform same
study to this paper. They use ANSYS and Matlab/Simulink for one leg in thermoelectic
module. They found, if thermoelectric module sides temperature different increase
cause increase power, current and voltage (Bhuiyan, EI-Shahat, & Soloiu, 2019).

The frequently preferred program in this area is the thermal electric module of ANSYS.
Many examples can be given to the using ANSYS. One of them in a study by Yasar
islamoglu and Sahin Anil Aybek, the leg area was kept constant and leg height was
increase, and they investigated the effect of this situation on power and efficiency.
Another study with ANSYS, Ugur Erturun, Kaan Erermis and Karla Mossi use 4-leg
models consisting of two different materials and different leg geometries for
temperature, current densities and stresses values (Erturun, Erermis, & Mossi, 2014).

Ugur Recep Sahin, Aytug Ozcavdar and Yasar islamoglu studied about segmented leg
and use RSO (Response Surface Optimization) of ANSYS for leg geometry dimension.
They study power, current and voltage for segmented leg and ordinary leg structure
and they found segmented leg more efficiency than ordinary leg structure (Sahin,
Ozcavdar, & islamoglu, 2019).
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This study difrent the other studies, because we used together ANSYS and
Matlab/Simulink for thermoelectric module. We done ANSYS model and
Matlab/Simulink model after that we use catalog of the manufacturing datas for power,
voltage and current. We found power, voltage and current with ANSYS and
Matlab/Simulink for compare Matlab/Simulink data, ANSYS data and catalog data.

2. Method

In this study, Kryotherm TGM 199-1,4-0,8 thermoelectric module was designed by
SOLIDWORKS program and its solution was made using finite element method for
different temperature conditions. This analysis method was performed with the
thermal-electric module of ANSYS Workbench. At the same time, mathematical model
is created with the help of Matlab/Simulink program. Matlab/Simulink program use
maximum catalog datas of the manufacturing datasheet. Catalog values are entered
to Matlab/Simulink for obtain voltage and current values at a certain temperature. The
founded results were compared with each other and also with catalog datas.

2.1.Theoretical Principles

Thermoelectric generator generates electrical energy from temperature difference.
This event was discovered in 1821 that is known as the Seebeck effect.

Thermoelectric modules produce electrical energy with p and n type semiconductors.
The module is connection thermally parallel and electrically in series. Ceramic is used
to provide hot and cold surface electrical insulation. Thermoelectric module parts
shematics shown in Figure 1 (islamoglu, 2018).
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Figure 10. Thermoelectric generator
The efficiency of thermoelectric modules can be explained by a number that the Figure
of Merit (Z) number. The unit of this number is 1/K and it is expressed by equation 1.
Z =2 [1K] (1)

The common use of this formula can be expressed as equation 2.

27 =2 (2)

Today, this value is less than one. We use in these analyzes the BiTe that is FoM
number between 0.5 and 0.8.
The admissions used in this analyzes are listed below.
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e The temperature on the surface of the thermoelectric module is uniform and
regular.

e Heat transfers by convection and radiation have been neglected.

e Contact resistors are neglected.

Mathematical equations used to the math model in Matlab/Simulink can be given as
follows.

The inner resistance of the thermoelectric generator can be explained by the formula
equation 3;

Rin = Ry = 22[0] (3)

max

And the Seebeck coefficient S is found with the formula as follows equation 4;
— ZVmax
§S==" [V/IK] (4)

The current produced by the thermoelectric generator depends on the load resistance.
When resistance rate is written to between the load resistance and the inner resistance
R, = mR;,. “m” in this formula is described as the ratio of load resistance to internal
resistance. Using this equation, the current equation is expressed as equation 5;

_ SAT
= armr N (5)
The efficiency of the thermoelectric generator is briefly the ratio of the electrical power
output to the thermal power applied to the hot surface shown in equation 6;

_ I*Ry
n=" (6)
In this formula Qy is the heat energy on the hot side, which can be explained by the
equation 7;

Q= N[ (Sp = S\ITy + K(Ty = T,) = 12] [W] (7)

The following formulas can be used to calculate the maximum power parameters of
the thermoelectric module or find other properties from maximum power parameters
with reverse engineering;

To calculate the maximum current with the help of equation 8;

Imax = == [A] (8)

2Rin
The maximum efficiency can be calculated with the help of equation 9;

ZAT
NMmax = [4+2Z(1.5Ty+0.5T,)] ;

If efficiency is given, the Figure of Merit (FOG) number is calculated with the help of
equation 10;

_ AMmax
Z= AT ~Nmax(1.5Tg+0.5T¢) [1/K] (10)
The closed circuit voltage and current formula can be expressed with equation 11 and
12;
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V=NIS (T, —T,) - IR][V] (11)

i :@ [A] (12)

The open circuit voltage is calculated with the help of equation 13;
V=NI[S Ty —T)IV] (13)
2.2. Module Geometry

Nowadays, designing is easier than in the past. The invention of the computer, the
starts of drawing in the computer and the production of many drawing programs play
a big role. In this study Kryotherm TGM 199-1,4-0,8 thermoelectric module was
designed using SOLIDWORKS program. The module names contain information about
their designs. TGM in the name of the module used in the study means thermoelectric
generator, 199 in the name of the module means the number of leg pairs. After TGM
199 in the name of module gives the leg width and height, which are generally square
section feet. It's means Kryotherm TGM 199-1,4-0,8 model has a leg as square cross
section area and each one is of 1,4mm x 1,4 mm. The next number gives information
about the height of the leg. Height of all the legs is 0.8 mm. In other words, the
dimensions for the single leg of the module one leg size is stated to be 1,4mm x 1,4mm
x 0,8 mm. Information about the other module geometry is given in Table 1 and modele
designed is given in Figure 2.

Table 1. Thermoelectric element parts heights

Component Material Height
Name (mm)
Al, 04 0,8
Ceramic
Surface
Conductor Cu 0,25
Solder 63Sn-37Pb 0,15
N Type Bi,Te; 0,8
P Type Bi,Te; 0,8

Figure 11. Thermoelectric modiile

Kryotherm TGM 199-1,4-1,4-0,8 module’s the other dimensions are ceramic plate
dimension and leg space dimension. Ceramic plates are square area and edge
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dimension is 40 mm. We calculated to leg space with the help of ceramic dimensions
and we found leg space is 0.6 mm.

Matlab/Simulink design was composed with the help of Simulink. Matlab/Simulink is a
program that solves mathematical formulas and finds results them depending on time.

The aim to this step in this study is to create a mathematical model of thermoelectric
module with the help Matlab/Simulink and compare it with catalog datas and ANSYS
data. Mathematical model was created using the equations from given in the
Theoretical principles section. Matlab/Simulink models is aimed find constant variable
for different temperatures and this finded variable use for calculating result. Finding the
maximum inputs from the catalog data and use Matlab/Simulink for calculating the
required numbers. This process was provided with subsystem in Matlab/Simulink and
required outputs were obtained and Matlab/Simulink model shown in Figure 3 and
Figure 4.

=

E‘ﬁ l\\ JW [

Figure 13. Subsystem open state

The first subsystem aim find material properties. Second subsystem use the first
system results for calculating voltage, current and power.

2.3. Material Properties

Material properties an important place for semiconductors. The accuracy and reliability
of the results are related not only to the designed model. The other related factor define
the correct properties of the selected semiconductor material. Thermoelectric module
has a conductor, insulator (ceramic), solder, p and n type semiconductors. Seebeck
coefficient of p and n type semiconductor materials change with temperature. If p and
n material is selected as BiTe, the temperature change graph of the Seebeck
coefficient is shown in Figure 5.
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PType wf.'K

Figure 14. Change of Seebeck coefficient by temperature

Thermoelectric materials Seebeck coefficient, resistivity and transmission coefficient
change depending on temperature. Densities are constant characteristics. The
properties of the materials are shown in Table 2.

Table 2. Material Properties

Material Density Electrical resistivity Thermal conductivity
(kg/m3) p(uQm) K(W/mK)
Ceramic 3970 1e+19 37,2-17,2
(Al,03) (293-600K)
Based 8940 0,18-0,38 398-382
(Cu) (300-600K) (293-600K)
Solder 8420 0,12-0,23 3-46
(63Sn- (293-473K) (273-423K)
37Pb)
P Type 6858 13,8-25 1,22-5,24
(Bi,yTe3) (300-500K) (300-500K)
N Type 7858 9,8-14,9 1,78-3,5
(BiyTe3) (300-500K) (300-500K)

2.4. Simulation Parameters

Simulation parameters were made to the catalog values to thermoelectric generator
for this study. Because we have a thermoelectric generator and the target of this study
is to compare it with the catalog data. The catalog data have current and voltage data
depending on temperature. These data are given for two temperature values, the first
one is 30 °C cold surface and 200 °C hot surface, the second data is cold surface is 50
°C and the hot surface is 150 °C. And these values are given for closed circuit that is
load is connected to the thermoelectric module. We find should be independent of
mesh because when the number of mesh changes, if a result changes that will not be
a stable result. Mesh independence shown in Table 3.
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Table 3. Mesh independence

Size Number Number Voltage
of of
Element Nodes
Course 12767 127317 2,48
Medium 22929 190611 2,47
Fine 82312 577649 2,47

3. Results

The target of this study was to compare the catalog data with data obtained from
ANSYS and Matlab/Simulink. For this, firstly a model was composed with the help of
Matlab/Simulink using mathematical formulas. Matlab/Simulink model use for obtained
results after that this results match the catalog data. Model geometry was created with
SOLIDWORKS and analyzes were performed according to catalog data with the help

of Ansys. Founded data matched to catalog data. Table 4 shows the catalog data,
respectively.

Table 4. Catalog values

Voltage inner Current Power
Rest.
150- 2,5V 1,41 1,75A 4,3W
50°C
200- 4,1V 1,46 2,8A 11,4W
30°C

3.1. Results for 150-50°C

The current-voltage graph obtained for the case to the temperature values are 150-
50°C in Matlab/Simulink and find values are shown in Figure 6. In this graph, red line
shows power, blue line shows voltage and x axis shows current.

150-50 C*

. e
& i

Power(W)- Voltage(V)
a ™
B m in w e

s
CI)

1] 05 25 3 35

C‘irrent(A) :
Figure 15. Current-Voltage graph for 150-50°C temperature

The voltage, current and power output values of the point where the power is maximum
(24.6 sec). Figure 6 obtained from the subsystem of simulation are shown in Figure 7.
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Figure 16. Values of 24.6 sec for 150-50°C temperature

In order to show the reliability of the data obtained, the catalog and Matlab/Simulink
values for 150-50 °C were compared in Table 5.

Table 5. Catalog and Matlab/Simulink values for 150-50°C

150-50°C Volta Current Power
ge
Catalog 2,5V 1,75A 4 3W

Matlab Simulink 2,503 1,718A 4,3W

After comparing Matlab/Simulink data with catalog data, second data sets were
created with the help of ANSYS. The ANSYS model used in the study is shown in

Figure 8.

Figure 17. ANSYS Model

In this model, the resistance of the outer connection is calculated according to the
value given in the catalog data. Founded material resistance define to material
properties. In this model, mesh properties is set medium and resuslts is shown in
Figure 9 as voltage and in Figure 10 as current.
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L
Figure 18. ANSYS results of voltage

The maximum voltage value in this scala is 2.47 V, the minimum value is -0.002V and
the voltage distribution is quite smooth.

Figure 19. ANSYS results of current density

The current density was found 5142.8mA/mm2. This value is multiplied by the area

where the probe for the current value is obtained. Since the cross section area of the
connecting rod is 1,4mm x 0,25mm, the current here is 1800 mA. In Table 6, compare
of catalog, Matlab/Simulink and ANSYS data for 150-50 °C is given.

Table 6. Catalog, Matlab/Simulink and ANSYS values

150-50°C Voltage Current Power

Catalog 2,5V 1,75A 4,3W

Matlab 2,503V 1,718A 4 3W
Simulink
ANSYS 2,47V 1,8A 4 4\W

3.2. Results for 200-30°C

Firstly, the Matlab/Simulink chart is given in Figure 11 for 200-30°C. In this table, red
line shows power, blue line shows voltage and x axis shows current.

200-30 C*
12

Voltage(V)- Power(W)
T - -

o

Current (A)

Figure 20. Matlab/Simulink chart for 200-30°C
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The voltage, current and power output values of the point where the power is maximum
(25 sec). Subsystem picture in this time shown in Figure 12.
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Figure 21. Subsystem results

In order to show the reliability of the data obtained, the catalog and Matlab/Simulink
values for 200-30°C were compared in Table 7.

Table 7. Catalog and Matlab/Simulink values for 200-30°C

200-30°C Voltage Current Power
Catalog 4,1V 2,8 11,4W

Matlab 4,101 2,78 11,4W
Simulink

The model used for 150-50°C was used and the resistance value was calculated
according to the catalog. Model calculated for the same mesh value, the voltage output
for 200-30°C is shown in Figure 13 and the current density output is shown in Figure
14.

— — r

Figure 22. ANSYS Results of Voltage

The maximum value of the voltage in this model is 4,082 V, the minimum value is -
0,004 V and the voltage distribution is quite smooth.
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Figure 23. ANSYS results of current density

The current density was found 82077”’“4/mmz . When this value is multiplied by the

area where the probe is, the current value is obtained. Since the cross section area of
the connecting rod is 1,4 mm x 0,25 mm, the current here is 2822 mA.

4. Conclusions

Voltage, current and power values for two different temperature ranges from catalog,
Matlab/Simulink and ANSYS are given in Table 8.

Table 8. Compare of all results

150-50°C 200-30 °C
v)y (A MW M A W
Catalog 25 175 43 41 28 114
Matlab Simulink 2,503 1,718 4,3 4,101 278 114
ANSYS 247 18 44 408 28 114

In this study for Kryotherm TGM 199-1,4-0,8 thermoelectric module, it is clearly seen
that catalog, Matlab/Simulink and ANSYS data are very close to each other. These
results were made under the load. The load connected is a equal to the thermoelectric
internal resistance.

Nomenclature

A Cross-sectional area of a
thermoelectric leg [m?]
Height of thermoelectric leg
[m]

Electric current [A]

Electric current density [A/m?]
Thermal conductivity [W/mK]
Number of thermoelectric
element or couples

Number of thermoelectric
module

Generated power [W]

Heat input [W]

Heat rejected [W]

Electrical resistance [Q]
Seebeck coefficient [V/K]
Absolute mean temperature

(T =" [K]

—|U)JU'£_3£IDU
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TH Hot side temperature [K]
TL Cold side temperature [K]
\% Voltage [V]
V4 Figure of merit [1/K]
Z.T Figure of merit
p  Electrical resistivity [Q.m],
[m/S]
o  Electrical conductivity [1/Q.m],
[S/m]
n Efficiency
Subscripts
n n-type
Y p-type
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Abstract: In the new age of science and technology, demand for specialized
material goods has gradually grown. Accurate machining of specialized materials
has become a problem for scientists and researchers. Shape memory alloys is a
class of specialized materials whose market in the commercial and industrial
sectors is gradually growing. This is a very special and distinct substance that has
the nature of restoring its form after the metal has been subjected to low specific
temperature conditions. The shape-recovery nature makes it a metal of
considerable significance for large-scale industry applications. SMA's are often
categorized into three groups, i.e. NiTi-based, Cu-based, and Fe-based. The Cu-
based alloy has a wide temperature spectrum, a high elasticity and a high damping
coefficient. This paper focuses on exploring the impact of pulse on time, pulse off
time, peak current and gap voltage on TWR while processing Cu-Zn-Ni SMA in the
electrical discharging phase. Pulse on time and peak current have a larger effect
on TWR. SEM images revealed the surface characteristics like micro-cracks,
craters, voids etc. on the tool electrode surface. SEM images provides information
about the surface integrity and type of wear on the surface of the tool electrode.
Keywords: SMA, EDM, TWR, Cu-Zn-Ni, Pulse on time, Peak current

1. Introduction

In today's era of technological advancement, the need for smart materials is growing
due to their exceptional and inimitable properties and applications in a range of fields,
from biomedical to manufacturing. Shape Memory Alloys (SMAs) is a major class of
advanced materials that have the ability to recover their original shape while exposed
to changes in magnetic and temperature conditions [1]. This action of returning to its
former form is widely referred to as the shape memory effect (SME). The SMAs were
first discovered in 1932 by Arne Olander [2]. Among them, there are three big SMAs,
i.e. Ni-Ti-based, Cu-based and Fe-based. Cu-based SMA is an important category of
SMA with copper as a major component in proportion to others [3]. Cu-based SMAs
are known as cheap alloys rather than NiTi alloys because they are conveniently
processed using liquid and powder metallurgy techniques [4]. Cu-Zn and Cu-Al are the
primary Cu-based alloys with a third alloy part that has also been applied to change
the temperature or microstructure of the transformation [5-7]. Cu-based alloys have a
wide temperature range, low hysteresis, high super-elastic effect and high damping
coefficient [8-10]. From this point of view, transition temperatures have been shown to
be especially sensitive to alloy composition. It decays when overheated into the
equilibrium stages, resulting in martensite stabilization [11-13]. All these properties
allow this alloy having a wide variety of uses in the pharmaceutical, industrial,
aerospace industries, etc. The machining of such specialised materials is a task for
scientists, researchers and industrialists to satisfy demand in the current scenario [14-
16]. The complex machining of these alloys is a threat to traditional machining
methods. For precision and precision, delicate and complicated shapes, non-
conventional machining operations have taken place over typical machining methods
[17-20]. Non-conventional machining operations results into complex machining

124
TURK-COSE 2021 | Book of Proceedings



lil. International Turkic World Congress on Science and Engineering
14-15 June 2021, Nigde - Turkey

shapes on such advanced materials to cope with the needs of the current industry [20-
24]. Electrical Discharge Machining (EDM) is an important type of non-conventional
machining operations in which electric spark has been used to remove material from
the work surface and provide desired geometry [25-28]. The electrical discharge
results in high temperature at the tool work interface resulting in the material being
melted and vaporized [29-32]. This process is used to promote high precision
machining, complicated shape of slices and surface conditions in modern production
[33-35]. One of the advantages of the EDM method is that an adequate distance is
preserved between the working substance and the instrument (electrode); the residual
stress-free material benefits from the EDM process [36]. The operating principle of the
EDM system is practical in several respects and follows in different process variants
including: micro EDM, die-sink EDM, wire cut EDM, dry EDM and powder mixed EDM
[37-40]. Due to the wide variety of EDM processes, it is ideal for both micro-scale and
comparatively broad machining areas.

EDM is a thermo-erosive type of process in which spatially and temporally controlled
separated pulsed discharges are utilized to machine electrically conductive materials
regardless of their mechanical, chemical, and thermo-physical properties [41-42]. The
EDM process was invented in the 1940's [43-45]. EDM exists as one of the modern
machining operations productively used for machining tough to cut materials. This
machining method has been utilized in modern industrial sectors for the promotion of
machining material with great accuracy, cut complex shapes with optimal surface
parameters [46]. One of EDM's major advantages is that there has been no any direct
interaction amid the tool (electrode) & work material during the machining progression,
this further leads to material free from residual stresses after the machining process
[47]. EDM is a production process using electric discharge (sparks) to obtain a desired
shape. Furthermore, known as; die-sinking, machining method using spark, tool
erosion machine [48].

The present research focused on the study of process parameters for the tool wear
rate (TWR) while machining Cu-based SMA i.e. Cu-Zn-Ni at the EDM. The pilot
analysis was introduced and analysed in this article. The chemistry of TWR was
discussed, difference in substance removal when conducting tests on various
parameters. Pictorial diagrams were provided to illustrate differences in TWR.

2. Materials & Methods

The Cu-based SMA i.e. Cu-Zn-Ni has been chosen for performing experiments. The
electrode of copper has been selected as a tool for performing EDM operations. The
electrode has diameter of 10 mm. The workpiece is in form of circular disc having
dimensions 100 mm diameter and 15 mm height. The process parameters taken in the
EDM process are pulse on time, pulse off time, peak current and gap voltage. The
response parameters which are measured with the variation of process parameters
are TWR.
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Figure 1. Die-sinking EDM set up

The experiments have been performed on Oscar max CNC die-sinking EDM machine.
The parameters chosen are pulse on time, pulse off time, peak current and gap
voltage. The response chosen for studying the effects of different process parameters
is tool wear rate (TWR). The schematic view of CNC die-sinking EDM is shown in figure
1. The range of various selected process parameters have been displayed in table 1.
Table 2. represents the TWR values at different settings of pulse on time values. The
minimum and maximum TWR is 0.226 g/min and 0.437 g/min at pulse on time of 30

ps and 400 ps.

Table 1. Range of process parameters

Process parameters

Ranges

Pulse on time (us)
Pulse off time (us)
Peak current (A)

Gap voltage (V)

30,45,60,90,120,150,250,300,400
20,45,60,90,120,200,250,300
8,14,20,24,30,40,50

30,40,50,60,70,80
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Figure 2. Cu-Zn-Ni Shape Memory Alloy

Table 2. Pulse on time variation table for TWR

Sr. Pulse on Act. Actual Timein Int.wtof Finalwt. Intial wt- TWR
No. time(ps) Diameter Depth  minutes tool of tool Final wt.
1 30 10.03 6.85 10 29.27 27.01 226 0.226
2 45 10.05 6.95 10 27.01 2451 25 0.25
3 60 10.08 6.99 10 35.27 32.18 3.09 0.309
4 90 10.12 7.03 10 32.18 28.63 3.55 0.355
5 120 10.15 7.05 10 33.21 29.39 3.82 0.382
6 150 10.19 7.08 10 29.39 25.48 3.91  0.391
7 250 10.21 7.12 10 32.16 28.11 4.05 0.405
8 300 10.23 7.18 10 28.11 23.86 425 0425
9 400 10.26 7.2 10 27.42 23.05 437 0437
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Table 3. Pulse off time variation for TWR

Sr.  Pulse off Act. Actual Time in Int. wt Final wt.  Int wt- Final TWR

No. time(us) Diameter Depth minutes of tool of tool weight
1 20 10.19 7.22 10 35.43 31.55 3.88 0.388
2 45 10.17 7.17 10 31.55 28.03 3.52 0.352
3 60 10.14 7.15 10 34.16 30.95 3.21 0.321
4 90 10.12 7.11 10 30.95 27.93 3.02 0.302
5 120 10.09 7.08 10 32.41 29.76 2.65 0.265
6 200 10.07 7.06 10 29.76 27.57 2.19 0.219
7 250 10.05 7.05 10 27.57 25.68 1.89 0.189
8 300 10.03 7.04 10 33.17 31.72 1.45 0.145

Table 3. represents variation in TWR at different range of pulse off time values. The
maximum and minimum TWR obtained are 0.388 g/min and 0.145 g/min at pulse off
time values of 20 us and 300 ps.

Table 4. TWR at different values of Peak current

Sr. Peak Act. Actual Timein Int.wt Final wt. Int. wt- TWR

No. current Diameter Depth minutes of tool of tool Final wt.
1 8 10.03 6.92 10 32.62 3217 0.45 0.045
2 14 10.07 6.98 10 32.17 31.59 0.58 0.058
3 20 10.09 7.03 10 30.65 29.27 1.38 0.138
4 24 10.15 7.11 10 29.27 27.01 2.26 0.226
5 30 10.2 7.17 10 35.74 32.24 3.5 0.35
6 40 10.24 7.19 10 32.24 27.97 4.27 0.427
7 50 10.28 7.23 10 27.97 23.05 4.92 0.492

Table 4 represents variation in TWR at different values of peak current. The minimum
and maximum values of peak current is 0.045 g/min and 0.492 g/min at peak current
of 8 A and 50 A.

Table 5. TWR at different values of Gap voltage
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Sr. Gap Act. Actual Time in Int. wtof Final wt. Int. wt-

No. voltage Diameter Depth minutes tool of tool Final wt. TWR
1 30 10.15 7.13 10 26.42 22.91 3.51 0.351
2 40 10.11 7.1 10 22.91 20.21 2.7 0.27
3 50 10.09 7.09 10 32.24 30.08 2.16 0.216
4 60 10.07 7.06 10 30.08 28.19 1.89 0.189
5 70 10.05 7.03 10 34.46 33.21 1.25 0.125
6 80 10.03 6.98 10 33.21 32.37 0.84 0.084

Table 5 represents the variation in TWR values obtained at different setting of gap
voltage. The maximum and minimum TWR obtained is 0.351 g/min and 0.084 g/min at
gap voltage of 30 V and 80 V respectively.

3. Results & Discussions

The experiments are performed on CNC EDM machine at CIHT Jalandhar. The effect
of different process parameters has been studied while processing of Cu-Zn-Ni SMA
in EDM process. The effects have been observed and presented in graphical form.
The graphs represent the relationship between the parameters. The behavior of graph
represents the particular parameter effect on TWR.

TWR v/s Pulse on time

0,5
0,4

0,3

TWR

0,2

0,1

30 45 60 90 120 150 250 300 400
Pulse on time

TWR

Figure 3. Pulse on time v/s TWR

Figure 3 represents the relationship between Pulse on time and Tool Wear Rate
(TWR). With the increase in pulse on time there is increase in TWR. With the increase
in pulse on time there is less time lag between occurrence of pulses due to which large
spark formation is there which results into large temperature formation that leads to
more material removal from the tool. More material removal from the tool results into
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higher TWR. The minimum and maximum TWR is 0.226 g/min and 0.437 g/min at
pulse on time of 30 ys and 400 us.

TWR

0,45
0,4
0,35
0,3

x 0,25
— 0,2
0,15
0,1
0,05

20 45 60 90 120 200 250 300
Pulse off time

TWR

Figure 4. TWR v/s Pulse off time

Figure 4 represents the behaviour of TWR with the increase in Pulse off time. With the
increase in pulse off time there is decrease in TWR. The increase in pulse off time
results in more time lags between the occurrence of pulses leading to less spark
formation. Due to less spark formation, there is less temperature formation which leads
to less material removal from the tool. The less material removal results into decrease
in TWR with the rise in pulse off time. The maximum and minimum TWR obtained are
0.388 g/min and 0.145 g/min at pulse off time values of 20 us and 300 ps.

TWR

8 14 20 24 30 40 50

Peak current

TWR

Figure 5. TWR v/s Peak current
Figure 5 represents the plot of TWR with the variation in peak current. The increase in
peak current results in more current supply, which leads to high temperatures, resulting
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in a large material removal from the tool surface. High material removal from the tool
results into more TWR. The minimum and maximum values of peak current is 0.045
g/min and 0.492 g/min at peak current of 8 A and 50 A.

TWR
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Figure 6. TWR v/s Gap voltage

Figure 6 represents the variation of TWR with the change in gap voltage. The TWR
decreases with the increase in gap voltage. Large gap voltage means longer discharge
waiting time leads to less temperature that leads to decrease in TWR. Small gap
voltage means less discharge waiting time, so more spark formation which leads to
more temperature formation and that leads to more TWR. The maximum and minimum
TWR obtained is 0.351 g/min and 0.084 g/min at gap voltage of 30 V and 80 V
respectively.
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Figure 7. SEM micrographs of Cu-based tool electrode

For the most part, the nature of a machined surface is defined by surface geography,
which includes miniaturised scale breaks, heat-influenced area, recast layer and stage
changes at first glance and positions of the subsurface. Due to the impact of the
process parameters, for example, pulse on time, pulse off time, peak current and gap
voltage, the surface properties can be modified. SEM micrographs showed that
machined surfaces included debris globules, spherical fragments, craters, and micro-
cracks. The rise in pulse on time contributed to the formation of deep craters on the
machined surface. These wide, covering pits were formed by successive electrical
discharges, intense heat exchanged at the surface of the specimen resulting in
restricted dissolution or evaporation of work material. The deionized water was brought
through a portion of the molten material supplied by the discharge.

4. Conclusions

The following interferences are observed after performing the experimentation on Cu-
Zn-Ni SMA in CNC EDM machine:

1. The major parameters which have a crucial and major impact on the TWR are Pulse
on time and Peak current.
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2. The minimum and maximum TWR is 0.226 g/min and 0.437 g/min at pulse on time
of 30 us and 400 ps. However, the maximum and minimum TWR obtained are 0.388
g/min and 0.145 g/min at pulse off time values of 20 us and 300 ps.

3. The minimum and maximum values of peak current is 0.045 g/min and 0.492 g/min
at peak current of 8 A and 50 A. Though, the maximum and minimum TWR obtained
is 0.351 g/min and 0.084 g/min at gap voltage of 30 V and 80 V respectively.

4. SEM images revealed the surface characteristics like micro-cracks, craters, voids
etc. on the tool electrode surface. SEM images provides information about the surface
integrity and type of wear on the surface of the tool electrode.
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Abstract: In this study, the design of the speed-sensored adaptive fading extended
Kalman filter (EKF) observer for field-oriented controlled (FOC) induction motor (IM)
drive has been realized. By designing an adaptive fading EKF (AFEKF) observer,
the rotor mechanical speed, stationary axis components of rotor fluxes, and load
torque are estimated. However, the performance of the control system is sensitive
to load disturbances. In order to solve this problem, the load torque estimated by
the proposed AFEKF observer has been feed-forward to the speed loop in the drive
system. Unlike previous studies that use stator currents in the measurement
equation, the proposed AFEKF observer using the rotor angular velocity estimates
the states and parameters of the IM. The performance of the proposed drive system
has been tested in simulations for a wide speed range under load torques
variations. The results obtained by the simulation studies prove the effectiveness
of both AFEKF observer and FOC improved by feed-forward control (FFC) of load
torque.

Keywords: Induction motor, Adaptive extended Kalman Filter, Observer,
Estimation.

1. Introduction

Induction motors (IMs) are widely used in speed/position and torque-controlled drives
due to their reliability, cost, efficiency, simplicity, and ease of manufacture. However,
IM is defined as a non-linear model with unknown load inputs and parameters that vary
according to operating conditions, which makes its high-performance control
challenging. Thus, it is still an open area for researchers because of the increasing
demand for high-performance drives (Yildiz et al., 2020). In order to solve this problem,
model-based different estimation methods such as open-loop estimators (Reddy et al.,
2016), artificial neural network (Wlas et al., 2008), model references adaptive system
(Yang et al., 2019), extended Luenberger observer (Hasan and Husain, 2009), sliding
mode observer (Aktas et al., 2020), and extended Kalman Filters (EKFs) (Demir et al.,
2017; Yildiz et al., 2020) are proposed in the literature.

Unlike other model-based estimation methods, the EKFs use process and
measurement noises for state and parameter estimations. Due to these advantages,
EKFs are used for the state and parameters estimations in a wide range of speed
including very low and zero speed. In Demir, (2019), the estimation of stationary axis
components of rotor fluxes, rotor angular speed, and load torque is realized by the EKF
algorithm which uses a reduced IM model. In Demir and Zerdali, (2020), stationary axis
components of stator currents and rotor fluxes, rotor angular speed, and load torque
are simultaneously estimated by EKF observer by using the sixth-order IM model. On
the other hand, the values of the system and the measurement noise covariance
matrices (Q and R respectively) affect the estimation performance of the EKF observer
(Zerdali et al., 2018). These covariance matrices are generally tuned by trial-and-error
method or optimization algorithms (Alsofyani et al., 2019; Zerdali and Barut, 2017), and
their values are regarded as constant (Demir and Barut, 2018) in the literature.
However, in order to improve the estimation performance of EKF observer, Q and R
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matrices are needed to be updated for operating conditions (Zerdali et al., 2018). Thus,
adaptive observer approaches such as innovation-based, adaptive fading, and strong
tracking EKF observers are introduced to the literature (Zerdali, 2020).

In addition to the challenges in the estimation process, the unknown load-torque has
an adverse effect on the speed control loop in the IM drives. In literature, this effect is
eliminated by the feed-forward control (FFC) of the estimated load torque into the
speed loop (Demir and Zerdali, 2020; Wang et al., 2018; Zhang, 2013). In Demir and
Zerdali, (2020), the improved FOC system with the FFC of the load torque estimated
by the EKF observer has been introduced. Wang et al., (2018) uses a high-order-fast
terminal sliding mode observer to estimate load torque that is used in the speed control
loop. Zhang, (2013) introduces indirect FOC including the FFC of load torque that is
estimated by using a sliding mode observer.

The main contribution of this study is to improve the transient state estimation and
control performance of the IM drive introduced in Demir, (2019). For this aim, this paper
presents an AFEKF observer to improve estimation performance, and the FFC of load
torque to improve the robustness of the FOC-based IM drive against the load torque
variations. The results obtained by the simulation studies prove the effectiveness of
both AFEKF observer and FOC improved by feed-forward control (FFC) of load torque.

This paper is designed in six sections. Section | includes current literature and the main
contribution of this paper. Section Il and Ill present the rotor flux-based mathematical
model of IM and the proposed AFEKF observer, respectively. Section IV introduces
the proposed FOC-based IM drive including the FFC of load torque. Section V consists
of simulation studies and results. Finally, the conclusion is presented in Section VI.

2. Mathematical model of IM

Rotor flux-based fifth-order IM model can be described by a nonlinear continuous-time
system given in (1a) and (1b).

x: = f(xg,u) + wy (1a)
z, = h(x,) + v, (1b)

where f and h are the nonlinear system and output functions, respectively; x; and u;
are the state and control input vectors, respectively; w; and v, are the process noise
and measurement noise, respectively.

Vectors related to the (1) are given as below:
X = [isa is[? Yra lprﬁ wm]T
u, = [Vsa Vsp]T, h=[isa isp 0|7

and
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where i, and isp are stator stationary axis component of stator currents; v, and vy
are stator stationary axis component of stator voltages; i,, and y,; are stator
stationary axis components of rotor fluxes; L; and L, are the stator and rotor
inductances, respectively; R; and R, are the stator and rotor resistances, respectively;
L,andL, 2 oL, 2 L, — L3 /Lr are the mutual and leakage inductances, respectively;
wp, is the rotor angular velocity; p, is the pole pairs; 7, is the load torque; J, and B, are
the total inertia and friction of both motor and load, respectively.

3. AFEKF Observer

In order to perform simultaneous estimation of w,, Y., ¥z, and 7, including viscous

friction term (B, w,,), the fifth-order IM model given in (1) is extended by t; considered
as a constant parameter. With the aim of computational burden minimization, the
equations associated with is, and i;; are extracted from the extended IM model, and

only the measured w,, value used in the measurement equation. Therefore, the
measured iy, and i,z values are directly used in the AFEKF observer. Thus, the vectors

of the reduced IM model used in the proposed AFEKF observer is obtained as follows
(Demir, 2019):

Xot = (W Yra lpr,@ 77,
Upr = [Vsa  Vsp]", hy, = [wn],

and

r 3ppL
szLm (lpra lsB lprﬁ lsa)

RyL R
f — Zrm lsa' - L_:l/)ra - ppwml/)rb’
0 .
Rer

Ry
ls[f - L_Tlprﬁ + ppwml/)ra

0 i
With the help of the forward Euler approximation in (2), the discretized reduced IM

model used in AFEKF can be derived as in (3).

Xy = —x’ﬁ;_xk (2)

Xok+1 = Iyys X Xox T TXxf, (3)
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where I and T are the identity matrix and the sampling time, respectively.
The general equations of the AFEKF observer are as follows:
1. Linearization step:

af (x,w)
Fiiije = =3 = lx=zy, (4)

2. Time update:

Xicrr = (K, Upe1) (5)
Vir1 = Zgrr — Hpp1Xioyq (6)
ey o
Co = Akzvkvk' o (7)
1+x =
Niy1=Co—R—HQH" (8)
My, = HF} ,P\F} . H 9)
Aky1 = max {1,%} (10)
Pii1 = k41 Fresr PrFisn + Q (11)

3. Measurement update:

K., = P,:+1H£+1[Hk+1P,:+1H£+1 + R]_1 (12)
X1 = Xiegr + Kpp1Vrsn (13)
Pyyy =Py —KyyHy 1 Proyyq (14)

On the contrary to the conventional EKF, the AFEKF observer uses (6)-(10) to
calculate the optimum fading factor for each iteration. In (4)-(14), Fy..qx represents
linearized non-linear model; X3, and X,,, are priori and the posteriori state and
parameter estimations, respectively; P;,, and P,,, are the priori and the posteriori
covariance matrices, respectively; A, is optimum fading factor; tr[-] is the trace of
matrix; K, is the Kalman gain; Q and R are the covariance matrix of the system and
measurement noise, respectively (Zerdali et al., 2018).

4. Speed-sensored FOC-based IM drive improved with FFC of load torque

The proposed speed-sensored FOC-based IM drive improved with FFC of load torque
is illustrated in a detailed manner in Fig. 1 (Demir and Zerdali, 2020). As it can be seen
from Fig. 1, load torque estimated by the AFEKF observer is not only used to obtain
robust estimation performance under the load variations but also used to improve the
proposed IM drive performance with the help of FFC in the speed control loop. The y,.,
and 4 required for speed-sensored FOC of the IM are provided by the proposed

AFEKF observer using measured vy, Vsg, isqs isg, @aNd wy,. In Fig.1, all controllers
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represent trial-and-error method based tuned conventional Pl controllers, and érf
refers to the angular position of rotor flux according to the stator stationary axis.

AFEKF Observer

A A A A <—
(a)m )‘//ra ) l//rﬂ ) z'l)

@, l l v oy A istﬂ Iwm

ra
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Vil =V
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Figure 1. The block diagram for the proposed speed-sensored FOC based IM

drive improved with FFC of load torque

5. Simulation Results

In order to test the robustness of the proposed IM drive given in Fig. 1, it is implemented
in Matlab/Simulink for simulation studies. The rated values and parameters of the IM
used in simulations are presented in Table 1 which contains the same values as
previous studies (Demir, 2019) to demonstrate the superiority of both the proposed
AFEKF and IM drive. In performance tests, both the noise covariance matrices (Q and
R) and the initial error covariance matrix (Pg) of the proposed AFEKF are determined
by the trial-and-error method and chosen as in diagonal form to decrease the number
of elements requiring to be determined. The P,, Q, and R matrices used in tests are

presented below. Moreover, T is chosen as 100 us.
Q = diag{10=3 1071° 10710 1073}

R = diag{ 1071}

P, = diag{10 10 10 10}

Table 2 Rated values and parameters for IM used in simulations

P [kW] f [HZ] v [V] I'[A] Py
3 50 380 6.9 2
Tin [Nm] Rsn [Q] an [Q] Lsn [H] Lrn [H]
20 2.283 2.133 0.2311 0.2311

Ny [r/Min]
1430

Lmn [H]
0.22
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For the simulation-based performance tests, a challenging scenario, given in Fig.2,
that contains high, low, and zero speed operations of the IM is generated to confirm
the effectiveness of the proposed IM drive. In this scenario, by changing the load torque
value applied to IM from zero to its rated value or vice versa, it is aimed to demonstrate
the robustness of the AFEKF observer, which uses the calculated optimum fading
factor, under the transient conditions. Obtained simulation results for the proposed IM
drive and estimation errors for the proposed AFEKF observer are given in Fig. 3 and
4, respectively. In Fig. 2 and 3, “."¢f ” and “*” represent the applied reference variations
to the drive system and estimated values, respectively. In Fig. 4, “ e, " indicates the

difference between the measured and estimated values except for “ el | ” which

means the difference between the reference and estimated value.

—
[®}

0 5 10 15 20 25 30 35 40

|ref ref

Figure 2. Variations of |$r , N, , and t; for simulation tests of IM drive
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Figure 3. The simulation results of the AFEKF based IM drive

Evaluating the simulation results given in Fig. 3 and 4 for the generated challenging
scenario, the following remarks can be made:

Despite initial conditions for estimated states and parameters in the proposed
AFEKF observer are chosen as zero, it is clear that the estimated state and
parameter values converge to their actual ones in a swift manner.

Even though the high performance of the trial-and-error method based
determined Q and R matrices makes 1 = 1 in steady-state operation, transients
based on the t; variations lead to 4 > 1 in AFEKF. The bigger A value results in
quicker convergence and even can be a solution to the divergence problem as
it is emphasized in Zerdali et al., (2018). Therefore, the proposed AFEKF
observer and thus the proposed IM drive has a robust performance for t;
variations as in Fig.3 and 4.

142
TURK-COSE 2021 | Book of Proceedings



lil. International Turkic World Congress on Science and Engineering
14-15 June 2021, Nigde - Turkey

T T T T T T T T T
'?. 1 0.05 1 7 ( r 1 T T T T
= 0
—0.511 -0.05 ! : L L : . L ' .
= 0 5 10 15 20 25 30 35 40
\8)
0 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
T
=t 4
s 0
v 2F i
_5 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
40 T 05|r I 1 _[ I 1 ) 1 [ ) r Ir [I 1 T ] T
'g‘ 20+ -0.%L 1 I ) I L I L 1 1 _
Z 0 5 10 15 20 25 3 35 40 [
N | |
\3) o
200 0~157| 1 1 1 1 1 .
0 5 10 15 20 25 30 35 40
t[s]

Figure 4. Simulation results for estimations and tracking errors

e Since the proposed FOC-based IM drive contains the FFC of load torque that is
a method used to improve the control performance of the drive system under t;
variations as in Demir and Zerdali, (2020), it has satisfactory performance
against the challenging variations in the scenario.

¢ In the simulation tests, the DC condition is performed for different time intervals
to force IM drive. However, simulation results show that both the proposed
AFEKF and IM drive can easily handle this challenge.

e The speed depended bias in e;, represents the viscous friction term estimated

in the load torque due to the lack of viscous friction term in the model used in
the AFEKF observer. This term can be calculated as below:

er, = —B X wy,(5.01 [s])

1500 * 2 x 1t
60

—0.157 = —-0.15707

—0.157 = —0.001 x

6. Conclusion

In this paper, speed-sensored FOC-based IM drive system has been designed and
verified in simulation tests including a wide speed range. In order to obtain w,,, ¥4,
Y5, and 7, states and parameters required for the proposed IM drive, an AFEKF
observer has been designed. The proposed AFEKF has satisfactory estimation
performance for both steady-state and transient conditions due to the optimum fading
factor calculation at each iteration. Moreover, the FFC of load torque is performed to
increase the robustness of the control system. Simulation results demonstrate the
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effectiveness of both the proposed AFEKF and the FOC-based IM drive system for
zero, low and high-speed operations under the load torque variations.
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Asenkron Motorun Durum ve Parametre Kestirimi icin Karma
Uyarlamali Genigletilmis Kalman Filtresinin Tasarimi
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Ozet: ASM’lerin durum/parametre kestirimi bu makinelerin yiiksek basarimli
kontroli ve hiz-algilayicisiz kontrolii igin énem arz etmektedir. Genigletiimis
Kalman filtresi (GKF) sistem ve o&lgcme guriltilerini de hesaba katarak
durum/parametre kestirimine olasil bir yaklasim sunmaktadir. Bununla birlikte,
GKEF ile en iyi kestirimlerin gergeklestirebilmesi icin ASM’ye ait hem dinamik hem
de istatiksel model parametrelerinin bilgilerine eksiksiz ihtiya¢ duyulmaktadir. Bu
bilgilerin ¢ogu uygulamada bilinmemesi veya kismen bilinmesi geleneksel
GKF’lerin basarimini disurmektedir. ASM’nin durum/parametre kestiriminde, eksik
sistem ve 6lcim gurilltld kovaryanslari filtreleme basarimi Gzerinde en blyuk etkiye
sahiptir. Bu sorunun Ustesinden gelmek igin uyarlamali GKF yontemleri dnerilmistir.
Bununla birlikte, mevcut uyarlama yapilari ile ilgili literatlrde belirtilen sikintilar bu
yontemlerin kullanimini sinirlandirmaktadir. Bu tez calismasinda, literatlrde
mevcut olan uyarlama yontemlerinin Ustinliklerini bir araya getiren karma bir
uyarlama yapisinin tasarimi gergeklestiriimistir. Onerilen karma uyarlamali GKF
g6zlemleyicisi ASM’nin durum/parametre kestirim sorununa uygulanarak basarimi
test edilmistir. Onerilen yéntem hem benzetim hem de deneysel calismalarla
dogrulanmistir.

Anahtar Kelimeler: Asenkron motor, uyarlamali Kalman filtresi, durum ve
parametre kestirimi

1. Giris

Asenkron motorlar (ASM’ler) kolay Uretilebilmesi, az bakim gerektirmesi, maliyetinin
ucuz olmasi, firca-kolektoér takiminin olmamasi, tek fazli ve ¢ok fazh Uretilebilmeleri,
vb. Ozellikleri sayesinde endustride en yaygin kullanilan tahrik makineleridir. Diger
taraftan, zamanla degisen elektriksel ve mekanik parametrelere ve bilinmeyen bozucu
girislere sahip yuksek dereceden dogrusal olmayan bir modele sahip olmasi bu
motorlarin yuksek basarimli kontrolinu zorlastirmaktadir (Barut, 2010). Vektor kontrol
yontemleri olan alan yonlendirmeli kontrol (AYK), dogrudan moment kontrola (DMK),
ve model 6ngérilii kontrol (MOK) yiiksek kontrol basariminin gerekli oldugu
uygulamalarda kullaniimaktadir (Casadei vd., 2002). AYK, DMK ve MOK ydntemlerinin
gerceklestirilebilmesi icin hiz ve/veya aki bilgisine ihtiyag vardir ve bu degiskenler ek
algilayicilar kullanilarak olgulebilmektedir. Bu algilayicilarin dahil edilmesi surtci
sisteminin donanim karmasikhginin yani sira maliyetinin ve boyutunun da artmasina
neden olmaktadir (Barut vd., 2008). Bu olumsuzluklarin Ustesinden gelmek amaciyla,
literatirde bu degiskenler dl¢liimek yerine kestirme yoluna gidilmektedir ve bu gesit
kontrol yontemi “hiz-algilayisiz kontrol” olarak adlandirilmaktadir. Hiz-algilayicisiz
kontrol yontemleri de kendi igerisinde iki kisma ayrilmaktadir (Holtz, 2002): isaret
ekleme yontemleri ve model temelli yontemler. Literatirde Model reference adaptif
sistemler, uyarlamali tam dereceli goézlemleyiciler, kayma-kipli gdzlemleyiciler,
genigletiimis Luenberger gozlemleyicisi ve genigletiimis Kalman filtresi (GKF) gibi
cesitli model-temelli kestirim ydntemleri dnerilmistir (Mohan vd., 2020). Diger model
temelli yontemlerin aksine, Kalman filtreleme (KF) yontemleri sistem ve 0Olgum
gurdltilerini de hesaba katarak durum/parametre kestirimine olasil bir yaklasim
sunmaktadir (Yildiz vd., 2020). Sistem ve Olcim gurultilerinin hesaba katilmasi bu
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yontemin guraltGla  délgimler altinda iyi kestirim basarimina sahip olmasiyla
sonuglanmaktadir. Bu yontemin ASM’lerin durum/parametre kestiriminde yaygin
olarak tercih edilmesinin nedeni Olgllen akim, gerilim ve hiz bilgilerinin guraltali
olmasindan kaynaklanmaktadir. Diger taraftan, KF ile optimal kestirimlerin
gerceklestirebilmesi icin ASM’ye ait hem dinamik hem de istatiksel model
parametrelerinin Dbilgilerine eksiksiz ihtiya¢ duyulmaktadir. Ancak bu bilgiler ¢ogu
uygulamada ya bilinmemekte ya da kismen bilinmektedir (Zerdali, 2020). Sonug
olarak, tamamlanmamis dinamik veya 6lcim denklemine sahip olasil sistem nedeniyle
KF’nin basarimi dismektedir. Eksik dinamik denklemin nedeni, eksik islem gurultl
kovaryansi, bilinmeyen girig biasi veya eksik model katsayilari iken, 6lgim guraltusu
kovaryansi veya bilinmeyen 6lgim biasi eksik dinamik denkleme neden olmaktadir.
Geleneksel KF algoritmalarindaki bu olumsuzlugun Ustesinden gelebilmek igin, eksik
dinamik ve/veya 6lgum denklemlerinin etkisini ¢evrimici telafi edebilen ¢oklu-model
temelli, kovaryans olgeklendirmesi temelli (Yin vd., 2019, 2017; Zerdali vd., 2021) ve
yenilik temelli (Zerdali, 2019) cesitli uyarlanabilir GKF’ler (UGKF’ler) onerilmistir. Bu
yontemler ASM’lerin durum/parametre kestirimi agisindan degerlendirildiginde, ¢oklu-
model temelli GKF’lerin islem yukinin ¢ok fazla olmasi bu yontemin gergek-zamanlh
uygulamalardaki kullanimini kisittamaktadir (Yin vd., 2019). Kovaryans olgeklendirme
yontemleri kendi igerisinde tekli ve ¢oklu unutma faktériine sahip olmasi bakimindan
iki kisma ayrilmaktadir. Tek unutma faktorine sahip GKF’ler unutma faktorlu GKF
(UFGKF) (Zerdali vd., 2021) olarak adlandirilirken, ¢oklu unutma faktériine sahip
olanlar giglli izleme GKF (GIGKF) (Yin vd. 2019, Yin vd., 2017) olarak
adlandiriimaktadir. GIGKF algoritmasi, UFGKF algoritmasinin genisletiimis hali
olmasina ragmen, KF esitliklerindeki simetrinin bozulmasindan dolayi islem yukinu
oldukca fazla artirmaktadir. Ayrica, UFGKF ve GIGKF algoritmalari geleneksel GKF
algoritmalar1 gibi on tanimli gurultd kovaryans matrislerine ihtiyag duymaktadirlar.
Bununla birlikte yenilige dayali GKF (YDGKF) algoritmasi 6n tanimli guralti kovaryans
matrislerine ihtiyagc duymaz ve bu matrislerin tam kestirimini gergeklestirmektedir
(Zerdali, 2019; Zerdali, 2020). Bu yontem, hareketli bir pencere Uzerinden gurulti
kovaryanslarini kestirmektedir ve en uygun pencere boyutunun secimi ile ilgili
sorunlara sahiptir (Zerdali, 2020). Artan pencere boyutu ile sulrekli-halde
kestirimlerdeki dalgalanmalar azalirken, gegcici-halde yakinsama hizi dugsmekte ve
islem yUku artmaktadir. Azalan pencere boyu ile gegici-hallerde gergek degerlere daha
hizli yakinsarken, surekli-halde kestirimlerdeki dalgalanmalar artmakta ve islem yuku
azalmaktadir. Literatirde, bu yontemlerden UFGKF, GIGKF ve YDGKF’yi ASM’lerin
durum/parametre kestirimi icin karsilastiran bir calismada (Zerdali, 2020) kotu
ayarlanmig gurultd kovaryans matrisleri altinda geleneksel GKF algoritmalarinin
basariminin distigu ve uyarlanabilir GKF yontemleri ile bu sorunun Ustesinden
gelinebilece@i vurgulanmistir. Ayrica, YDGKF’deki hareketli pencere boyutunun segimi
ve pencere boyutunun neden oldugu yakinsama hizinin dasmesi ile ilgili sikintilar
belirtilerek, kovaryans o&l¢eklendirme yontemlerinin, 6zellikle UFGKF’nin, ASM’nin
durum/parametre kestirimi i¢in en iyi se¢cenek oldugu vurgulanmistir.

Bu calismada, UFGKF ve GIGKF algoritmalarindaki én tanimli giriilti kovaryans
matrisi gereksinimi ile YDGKF algoritmalarindaki pencere boyutundan kaynaklanan
sikintilar ortadan kaldirarak, bu algoritmalarin Ustunluklerini bir araya getiren karma
bir UGKF algoritmasi o6nerilmektedir. Onerilen karma UGKF’nin bagariminin
dogrulanmasi amaciyla, bu gézlemleyiciye ait sonuclar UFGKF ve GIGKF'ye ait
sonuclar ile benzetim ¢alismalari altinda karsilastiriimigtir.
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2. Uyarlamali Kalman Filtresinin Tasarimi

Bu bdlimde, 6ncelikle ASM’ye ait dinamik model verilecektir. Daha sonra, geleneksel
GKF algoritmasi ve mevcut UGKF algoritmalarina ait detaylar sunulacaktir. Son olarak,
onerilen karma UGKF’nin tasarim agsamalari tanitilacaktir.

2.1 Asenkron Motorun Genisletilmis Dinamik Modeli

Asenkron motorun stator duran eksen takimindaki rotor akisi tabanli altinci dereceden
modeli agagidaki genel bigimde verilebilir (Zerdali vd., 2021):

(1a)
(1b)

x = f(x,up) +w

Zt = h(xt) + vt

Burada x; durum vektoérind, f durum ve giriglerin dogrusal olmayan fonksiyonunu, u,
giris vektorunu, h ¢ikis fonksiyonunu, H 6lgim matrisini, w; ve v, sirasiyla sistem ve
Olcim gurdltisunu ifade etmektedir.

Esitlik (1a) ve (1b)’de yer alan vektdrlere ait detaylar ise su sekildedir:

Xt = [isa is[s’ lpra l/)r[? W TL]T, U = [Usa vsﬁ’] T, h(xt) = [isa isB]T

ve
_ 1 fer Fer Usa
T, Isg t T,Ly 1l’raz + Ly ppwmlprﬁ + Ly
_ 1y r _ UsB
Ty lsB + LoTr l/)rﬁ Ly ppwmlpra + Ly
Lm . 1
f(xtr ut) — T, lsa T, lpra ppwmlprﬁ
Lm . 1
T_r lsp — T_rwrﬁ + ppwmlpra
3 Pp . . 7
Ekr I (l/)rals[s’ - wrﬁlsa) - E
0
Burada;

k, = LL—m R, =R, + k2R, T, = ;—‘:dir.

Yukarida elde edilen surekli zamanli model, birinci dereceden ileri Euler yaklagimi

o Xkl T Xk
X~ = )

kullanilarak ayriklastirilabilir. Ayriklastiriimis ASM modeli Esitlik (3)’te verilmektedir.
Xirr = loxe * Xpgr + F(Xp,u) - T (3)
2.2 Geleneksel Kalman Filtresi

ASM’nin durum ve/veya parametre kestirimi icin kullanilan GKF’'ye ait adimlar
asagidaki gibi verilebilir (Zerdali vd., 2021):

1) Dogrusallastirma adimi:
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0f 1 (x, uy)
Fk+1|k = a. (4)
ox N~
2) Baslatma adimi:

Xo = E[x,] (5)

Py =E[(xo—%)(xq—Xo)7] (6)
3) Zaman guncellemesi:

X = fre(Xp-1,up) (7)

Py = Fi—1Prjr—1Fkjpe—1 + Qr—1 (8)
4) Olgum guncellemesi:

K, = P, H'[HP; H" + R,] ! )

Xp = X + Ky (2 — HXy) (10)

P, = (- K.H) Py (11)

2.3 Unutma Faktorli Genisletilmis Kalman Filtresi

GKF go6zlemcisinden farkh olarak, UFGKF gozlemcisi, tamamlanmamis dinamik
esitliginin olumsuz etkisini, Esitlik (12)'deki hata kovaryans matrisini bir unutma faktoru
ile carparak telafi eder. Bu sekilde, filtreleme surecinde eski verilerin agirhgi
azaltilmaktadir (Zerdali, 2020; Zerdali vd., 2021):

P = A (Fy—1Pr—1Frjp—1 + Qr-1) (12)

Optimal unutma faktoru asagidaki varsayimlar altinda @y, R, ve P, pozitif tanimlidir.
Olglim matrisi H tam dereceli matristir.

Su sekilde elde hesaplanabilir:

1= {1 tT[Nk]} 13
k — max ) tT'[Mk] ( )
M, ve N, matrisleri agagidaki gibidir:
My = HF 1Py Fipe_  H” (14)
Ny =Co— Ry —HQH" (15)
Burada,
VoVl
, k=0
Co=] 2 (16)
07 ) [vivil
=R k=1
1+
vy =z — HXj (17)

Ax = 1 ise, bu dogru filtreleme modelinin kullanildigini ve UFGKF’nin geleneksel GKF
olarak calistigini gostermektedir. Aksi takdirde, 4, > 1 igin, UFGKF hatali modelin
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neden oldugu hatalari telafi ederek, unutma faktori yardimiyla kestirim basarimini
iyilestirmektedir.

2.4 Yenilige Dayal Uyarlamali Kalman Filtresi

GIGKF ve UGKF gdzlemcileri énceden tanimlanmis Q ve R matrislerine ihtiyag
duyarlar ve kosegen oldugu varsayilan bu matrisler genellikle deneme-yaniima
yontemi ile ayarlanmaktadirlar. GIGKF ve UGKF gézlemcilerinin aksine, YDGKF
gozlemcisi (Zerdali, 2019) tam kovaryans kestirimi saglar ve herhangi bir ayarlama
cabasi gerektirmez. Ayrica YDGKF nin ana gévdesi, sabit Q varsayimi disinda GiGKF
gOzlemleyicisi ile aynidir (Zerdali vd., 2021). Ayrica, literatirde her iki guralti
kovaryans matrisinin eszamanli kestirimlerinin iraksama problemlerine yol agabilecegi
belirtiimigtir (Mohamed ve Schwarz, 1999). Yenilik kalintisinin kovaryansinin bir
tahmini, N-genigligindeki bir hareketli pencere igin 6nceki artik dizilerin ortalamasi
alinarak turetilmektedir:

k
- 1
Cp= v ) () (18)
j=k—N+1
Vi =Zk—HQk (19)

Kestirilen sistem gurlltisu kovaryans matrisi agsagidaki gibi elde edilmektedir:

k

—~ 1

e =\|w Z Ax; AX] | + Py — Frpp—1Pr—1Fie—s (20)
J=Jo

Surekli halde, Esitlik (20) varyans-kovaryans matrisi kullanilarak asagidaki gibi
tanimlanabilir (Mohamed ve Schwarz, 1999):

k
Q. ~ z Ax;Ax! ~ K. C,, K}, (22)

J=Jo

1
N

Esitlik (22)'nin ispatl ve YDGKF gozlemcisine ait detaylar Mohamed ve Schwarz
(1999)’da bulunabilir.
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BASLATMA

}

Zaman Giincellemesi
— » X = (R uy)
Py = A (Fpe—1Pre-1Flje—1 + Q1) ]

k=k+1 i
A )

Olgiim giincellemesi
K, = P H'[HP; H" + R, ] ™!

R = Ri + Ki(z —HRy)
P, = (1— K,H) P}
l k=k+1

Sistem Giiriiltii Kovaryans Matrisi ’

Q. =~ K, C,, K},
l k=k+1

Unutma Faktorii Giincellemesi

tr[N] }
tr[Mg]

Ay = max{l.

Sekil 1. Onerilen karma UGKF gézlemcisinin akis semasi
2.5 Onerilen Karma Uyarlamali Genigletilmis Kalman Filtresi

Yenilik tabanlh uyarlama yapisi, dinamik olmayan ASM durum degisimleri altinda
hareketli pencere boyutundan kaynaklanan yetersiz kestirimlere yol agabilmektedir.
Bununla birlikte, bu yapi dinamik durum degisimleri altinda en iyi basarima sahiptir ve
tam kovaryans kestirimi saglamaktadir. Kovaryans Ol¢eklendirmeye dayall
uyarlanabilir yapilar, unutma faktorli ve guclu izlemeli yapilar, geleneksel GKF’lerin
gegici durumlardaki kestirim basarimini iyilestirmekte ve iraksamayi énlemektedir. Bu
yapl, gegici haller diginda kalan g¢alisma kosullarinin ¢ogunda etkisizdir ve bu
uyarlanabilir yapiyi kullanan GKF’lerin basarimi 6n tanimli sistem ve 6lgim kovaryans
matrislerine baghdir.

Mevcut uyarlama vyapilarindaki sikintilar degerlendirildiginde, yeni bir uyarlama
yapisinin onerisi ardindaki guduler su sekilde siralanabilir:

e Eksik dinamik esitligi durumunda, geleneksel GKF gb&zlemcilerinin kestirim
basarimi dusmektedir. Modeldeki bu tutarsizliklar iraksama sorunlarina yol
acarak hiz-algilayicisiz motor surlcusunun kararsiz kontroline neden
olabilmektedir.

e UFGKEF gozlemleyicisi, tamamlanmamis dinamik esgitligin etkisini telafi edebilir.
Ancak, on tanimli gurultd kovaryans matrislerine ihtiyag duymasi ve bu
matrislerin zaman alan bir ayarlama asamasi gerektirmesi bu yéntemin olumsuz
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yonlerini olusturmaktadir. Ayrica, UFGKF gozlemleyicisi 14, = 1 i¢in geleneksel
GKF gozlemleyicisi gibi ¢alismaktadir.

¢ YDGKEF gozlemleyicisi, hareketli bir pencerede igerisindeki yenilikler yoluyla tam
kovaryans kestirimi saglamaktadir. ASM durumlarinda bir degisiklik meydana
geldiginde, hareketli pencereye dahil olan yeniligin hareketli pencere Uzerindeki
etkisi genigleyen pencere boyutu ile azalmaktadir. Bu nedenle, degisimlere hizl
uyum saglayamamaktadir. Bu durum gegici hallerde bu yontemin basariminda
dususe neden olmaktadir.

Onerilen karma UGKF gozlemcisi, hem UFGKF hem de YDGKF gdzlemcilerinin
ustunluklerini birlestirmektedir. ASM durumlarindaki dinamik degigiklikler altinda
kestirim basarimini iyilestirmek icin UFGKF’'deki kovaryans olgekleme yapisini ve
gevrimici Q matrisini ayarlamak igin YDGKF’deki tam kovaryans kestirim yapisini
kullanmaktadir. Onerilen karma UGKF’ye ait akis semasi Sekil 1°’de verilmistir.

_________________

! Ongriilii Moment Kontrolii |

I |
I |
! * * | 1 i |

w T ; ; |
: 4>®_, PI Ly Mahyét Eonkmyonu | % IM | Uyarlamali Kalman
I | V| S Optimizasyonu v | - :

X T op \ |om Fitreleri
I ' ' N
| o 2 | i |
L Om ! Tk+2T ws,k+2T : R S e Ly xproks
I Vsak —t—> I Uiy | m Lo
| | Moment ve Aki Kestirimi [€——— " Vsa :' |
: Vspk — [ Onk -~ | YDGKF L= x)/DOKF
I P e | I Vsp L
! wr k ]l)s k | | |
f ) |

: foa ! | Kama UGKF = X'
: Stator ve Rotor Ak1 < ; : L
| Kestirimi Bk :
I |
I |

__________________________________________________

Sekil 2. Benzetim galismalarinda kullanilan sisteme ait blok semasi
3. Benzetim Sonuglari

Onerilen karma UGKF’nin Gstinligini gostermek amaciyla UFGKF ve YDGKF
g6zlemleyicilerinin  kestirim sonuglart karma UGKF’nin  kestirim sonuglari ile
karsilastinimistir. Basarim karsilastirmalarinin  kabul edilebilir olmasi ig¢in Uc¢
g6zlemleyici model 6ngdrult kontrolll bir strtict sisteminden elde edilen ayni akim ve
gerilimler ile beslenmistir. Sekil 2’de verilen kontrol sistemi ve U¢ gdézlemleyici
Matlab/Simulink ortaminda gercgeklestiriimistir. Goézlemleyiciler C dilinde kodlanmis
Simulink/S-Function bloklari kullanilarak gercgeklestiriimistir. Benzetim ¢alismalarinda,
YDGKF ve karma UGKF icin hareketli pencere boyutu deneme-yanilma yontemi ile 32
olarak belirlenmistir. Ayrica, benzetim ¢alismalari igin érnekleme suresi (T) 100 usn’dir.
Kestirim basarimindaki iyilesmeyi gostermek igin kontrol sistemine farkli hiz
referanslari ve yuk degisimlerinin uygulandigi benzetim galismalari gergeklestirilmigtir.

Gergeklestirilen ilk testte, ASM rampa seklinde 1 sn igerisinde 10 rad/sn’ye
hizlandirilmis ve daha sonra 10 rad/sn’de galigirken 2. sn’de anma yukinun yarisina
yuklenmistir. Elde edilen kestirim sonuglar Sekil 3(a)’da sunulmaktadir. Elde edilen
kestirim sonuclari degerlendirildiginde, tum gozlemleyicilerin ani yuk degisimi disinda
benzer kestirim basarimlarina sahip oldugu gortulmektedir.
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Sekil 3. (a) 10 rad/sn’deki kestirim sonuglari (b) 100 rad/sn’deki kestirim

sonuglari

Bununla birlikte, yik degisiminden kaynaklanan gecici halde tim go6zlemleyiciler farkl
tepkilere sahiptir. UFGKF duzgln ayarlanmayan 6n tanimli gurultd kovaryans
matrislerinden dolayi gegici hal boyunca olgulen hizi takip etmekte zorlanmaktadir.
YDGKF ise sistem gurulti kovaryans matrisini cevrimici guncelleme mekanizmasi
sayesinde UFGKF’ye kiyasla daha hizli bir yakinsama saglamaktadir. En iyi
yakinsamaya sahip karma UGKF, YDGKF’'deki unutma faktérinin ve YDGKF'deki
cevrimigi gurlltd kovaryans kestiriminin olanaklari birlestirerek daha iyi bir kestirim
basarimi sunmaktadir.

ikinci testte, ASM rampa seklinde 1 sn’de 100 rad/sn’ye hizlandirilmis ve 100 rad/sn’de
sabit hizda calisirken 2. sn’de anma yukunun yarisina yuklenmistir. Elde edilen
kestirim sonuglari Sekil 3(b)de gosteriimektedir. Elde edilen kestirim sonuglari
degerlendirildiginde, ilk testte elde edilen kestirim sonuglarina benzer gekilde, yuk
degisimlerinden kaynakh gecici hal disinda tUm gozlemleyiciler benzer basarimlara
sahiptirler. UFGKF ilk testte belirtilen duzgun ayarlanmamis on tanimh guralta
kovaryans matrislerinden dolayi sikintiya sahiptir. Diger taraftan, YDGKF hareketli
pencere boyutunun dizgun ayarlanmamasindan kaynakli olarak gegici halde basarimi
gOzle gorulur bir sekilde dugsmektedir. Karma UGKEF ise, ilk teste benzer bir kestirim
basarimi gdstermektedir. Karma UGKF’nin basarisinin nedeni ise, YDGKF’deki
hareketli pencereden kaynakl sikintiyr UFGKF’deki unutma faktoru ile gozmesidir.
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Sekil 4. (a) Uggen hiz referansi igin kestirim sonuglari (b) Sinlis hiz referansi
icin kestirim sonugclari

ik iki testten farkh olarak, tim gézlemleyicileri dinamik hiz degisimleri altinda test
etmek amaciyla Sekil 2’deki kontrol sistemine Uggen hiz referansi uygulanmigstir.
Ayrica, gozlemleyicilerin dinamik degisimler sirasinda yuk degisimleri altindaki
basarimlarini incelemek igin, ASM 2. sn’de anma yukunudn yarisi olan 10 Nm'ye
yiiklenmektedir. Bu teste ait kestirim sonuclari Sekil 4(a)'da sunulmaktadir. ikinci testte
g6zlemleyiciler icin belirtilen tim sorunlar bu test i¢in de gecerli olup, karma UGKF en
iyi kestirim basarimina sahiptir.

Son test, Uguncu test ile benzer amaglara sahiptir. Bu testte hiz referansi, Gguncu
testten farkh olarak, sinis bigimindedir. Sekil 4(b)de sunulan kestirim sonuglari
degerlendirildiginde, karma UGKF diger iki go6zlemleyicideki uyarlama
mekanizmalarinin Ustunluklerini birlestirerek en iyi kestirimleri gergeklestirmigtir.
Sonuglari nicel olarak desteklemek igin, tim testlere ait hiz ve moment kestirim
hatalarina ait ortalama karesel hatalar (OKH’ler) Tablo 1’de verilmigtir.
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Tablo 3 e, ve e.’nin dB cinsinden OKH degerleri

€w
UGKF  YDGKF Karma UGKF
Sekil 3(a) -3.38dB  -9.19dB -12.71 dB
Sekil 3(b) -5.23dB  -3.32dB -15.37 dB
Sekil4(a) -3.05dB  -8.40 dB 12.74 dB
Sekil 4(b) -3.16dB  -5.72 dB -12.64 dB
er
UGKF  YDGKF Karma UGKF
Sekil3(a) -0.92dB  -3.28 dB -5.50 dB
Sekil 3(b) -1.96dB  -2.15dB -5.91 dB
Sekil4(a) -1.30dB  -2.84 dB -5.57 dB
Sekil 4(b) -1.20dB  -0.92 dB -5.28 dB

4. Sonuglar

Bu calisma kapsaminda, mevcut UGKF go6zlemcilerinin kestirim basariminin
iyilestirilmesi amaciyla yeni bir uyarlama mekanizmasi onerilmigtir. Onerilen karma
uyarlama mekanizmasi mevcut uyarlama mekanizmalarinin  Ustunluklerini
birlestirirken, olumsuz yonlerini de ortadan kaldirmaktadir. Tasarlanan karma uyarlama
mekanizmasini kullanan GKF go6zlemleyicisi ASM’nin durum ve/veya parametre
kestirim sorununun ¢dzimii igin uygulanmistir. Onerilen uyarlama yapisinin etkisini
gOstermek icin, yuk ve hiz degisimleri ile birlikte parametre degisimlerini de igeren farkl
¢alisma kosullari belirlenmis ve bu yapi belirlenen ¢alisma kosullari altinda benzetim
olarak dogrulanmistir. Benzetim c¢alismalarinda elde edilen kestirim basarimlari g6z
onlne alindiginda, 6nerilen karma uygulama mekanizmasinin kestirim basarimini
acikga gelistirdigi ve mevcut uyarlama mekanizmalarinin olumsuz yoénlerini ortadan
kaldirdigi gortlmektedir.
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Abstract: In this paper, a novel microstrip bandpass filter has four pass band is
designed by using stepped impedance open loop resonators (OLR). The proposed
filter structure has two strong coupled thin transmission feeding lines which has
also coupled the OLR by coupling gaps. Each feeding lines has included two
inductive strips and one of the strips has coupling gap inside. Multiband bandpass
filter response is obtained by coupling the first and second resonance modes of
CLs and OLRs, appropriately. The OLRs have unequal strip widths to control the
reflection zeros and loop levels of the bands. A full wave Electromagnetic Simulator
is used to design multiband bandpass filter structure. The simulation response
shows good insertion loss levels for each band.

Keywords: Microstrip, Bandpass filter, stepped impedance open loop resonator,
coupled lines.

1. Introduction

With the recent development of communication technology, the usage density in the
frequency spectrum is increasing rapidly. Multiband bandpass filters which has
compact size, high performance, low loss and low mass are one of the essential
requirements to use the frequency spectrum effectively. Microstrip filters allow
extensive flexibility to obtain those requirements.

Authors have been reported various types of microstrip bandpass filters structures to
introduce desired band characteristic in multiband cases. OLRs and CLs are widely
used for filter designs. A microstrip coupled resonator bandpass filter loaded with
lumped capacitor is proposed in (Ahmed et. al., 2013).Here, only one band can be
coupled and the center frequency were shifted by changing the lumped capacitor
value. Direct coupled two OLRs which have capacitive terminations were designed to
obtain bandpass filter response. Harmonics and modes suppressions were controlled
the capacitive components in (Jianzhong et. al., 2006). Another direct coupled OLRs
can be seen on (Xuehui et. al., 2006). Here, unlike the reference (Ahmed et. al., 2013)
and (Jianzhong et. al., 2006), an open circuited transmission line was covered the
OLRs and supplies the capacitive effect above them. So, besides the first resonance,
second resonance are coupled and formed second band. Four OLRs were used to
obtain two passband can be seen on (Jiankang et. al., 2009). Filter designs have two
passband using two and four OLRs which created two different paths by crossing the
input and output ports shown in (Jessada, 2012) and (Chu-Yu et al.,, 2006),
respectively. Inductive coupled short circuited nested OLRs was presented in
(Athukorala et. al., 2012). Here, trisection and quadruplet filters were obtain compact
filter configurations. Despite the filter size was halved in this study, filter structure had
a lack for the number of passband.

In addition, the OLR structures that have direct coupled or bandgap feed line, step
impedance resonators can be used to achieve improve both compactness and
performance of the dual band filter as in (Zhang et. al., 2006). These filters were
suffered from the size of the structure. In order to obtain passband filtering response,
parallel coupled lines are used to enhance the coupling strength was given in
(Gunturkun et. al., 2019). In other respects, OLRs having asymmetric width were
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design as in (lgbal et. al., 2021) which were fed by parallel coupled lines. Two
passband were realized and varactor diodes and capacitors were used to control the
center frequency of the passband. Although, two coupled lines and two OLRs were
caused to occur two passbands, the filter is suffered from large circuit size and number
of the passband.

In this study, a compact multiband bandpass filter constructed in a simple approach is
presented by using OLRs which have asymmetrical strip widths. I/O ports are directly
connected to the strong coupled thin transmission feeding lines which have also used
to excite the OLRs with coupling gaps. As a result, a four-band band-pass filter
structure was obtained by combining CLs and OLRs not the first two resonance modes,
but also the second resonance modes.

2. Material and Methods
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Figure 1. (a) Configuration of the coupled feeding lines (b) Frequency response
of the structure

As is well known, properly positioned coupled lines are often used in filter design. The
configuration of the feeding structure of the designed filter is shown in Figure 1(a).
Here, two strip coupled lines are coupled each other with a coupling gap which has
length of S2. Each pair of coupled lines has an another gap to control resonance modes
of the lines. Transmission lines have strength coupling to couple first and second
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resonance and as a result of these, they provide dual band filter response as in
Figure1(b).
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Figure 2. Simulated frequency response of the coupled line section (a) for the
effect of L1 parameter (b) for the effect of L2 parameter

The effect of the parameters L1 and L2 are investigated as shown in Figure 2(a) and
(b) respectively. From Figure 1(a), we can see the straight thin lines which are
connected to the coupled lines. The total length of the straight lines is L1. Although the
center frequency of the first band remained constant, it was observed that the center
frequency of the second band shifted to lower frequencies due to the increase in L1

length. But, by varying the L2, center frequency of both passband are shifted as
expected.
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Figure 3. (a) Layout of the proposed multiband bandpass filter (b) Comparison
of S parameters with and without OLRs

The proposed filter is designed with OLRs by using coupled lines as feeding part of the
structure is shown in Figure 3(a). Asymmetric width step impedance OLRs support two
more passband and totally, four band bandpass characteristic can be obtain. In Figure
3(b), a comparison of the S parameter responses with and without OLRs. As can be
seen from Figure 3(b), a four band wideband bandpass filter response was obtained
by adding two more bands to the frequency response by the excitation of the OLRs
which are fed through the coupling gap. Dimensions of the filter are in mm and A=5.35,
B=4, C=5.5, W1=0.45 W2=W3=0.05, S1=0.75, S2=0.05, S3=0.25, L1=4.95 and
L2=13.05.
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Figure 4. (a) Layout of the Stepped impedance section (b) its T-equivalent
circuit

OLRs are in the form of stepped impedance and are formed by the combination of
low impedance and high impedance sections, as given in (Pozar, 2005). In Figure
4(a) and (b), layout of the stepped impedance section and its T-equivalent circuit are
demonstrated, respectively. Here, equivalent serial reactance (inductor), X and
parallel reactance C (capacitor) may be expresses as below.

X _ B2l
. = Z,tan( . )

1
B = Z—zsm(ﬁzlz)

3. Findings

Simulated frequency responses of the proposed multiband filter can be seen on Figure
5. S1is the gap between the lines of coupled line sections. The variation of S1is only
effected the third and fourth band of the filter. While S4 changes, the coupling is
changed because Ss is related to excitation of the modes of OLRs. So, second and
fourth band of the filter which are produced by OLRs are effected.

4. Results

The designed filter was simulated by a full wave EM simulated on an RT/Duroid
substrate with a dielectric constant of 3.55 and a thickness of 0.813 mm (EM user’s
manual, 2008). 50 ohm I/O ports were used to excite the CLs and OLRs. The simulated
filter has four passbands that have center frequencies as 3.475 GHz, 5.762 GHz, 10.99
GHz and 11.84 GHz and These filters have simulated insertion loss as -0.065 dB, -
0.47 dB, -1.21 dB and -0.97 dB, respectively. The filter exhibits a higher selectivity on
both side of the stopbands by means of five reflection zeros. The principle advantages
of this new type of multiband bandpass filter over the other bandpass filter structures
are significantly reduced sizes, low return loss and coupling mechanisms of second
resonance modes of CLs and OLRs.
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Figure 5. Simulated frequency response of the proposed multiband filter (a) for

the effect of S1 parameter (b) for the effect of Sz parameter
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Abstract: The future belongs to millimeter wave (mmWave) communication
systems owing to the growing demands of forthcoming wireless communication
systems. Nevertheless, there are certain degradation issues with these waveforms,
which can be further resolved by exploiting multiple antenna technology (i.e.,
massive multiple-input multiple-output, massive MIMO) and thanks to the
advantages of shorter wavelengths. However, it is very challenging and impractical
to use a massive number of RF chains in massive MIMO systems. The optimal
solution is to take benefit of a hybrid precoding design that not only reduces the
cost and energy consumption but also eases the circuit complexities. Moreover, the
security of mmWave systems can be achieved by exploiting the integration of
hybrid precoding architecture with massive MIMO systems. In this context, this
study focuses on designing a hybrid precoder based on generalized triangular
decomposition (GTD) scheme where artificial noise (AN) scenario has been also
evaluated to ensure secure transmission in mmWave massive MIMO wiretap
systems. Comprehensive simulation studies have been performed to investigate
the outcomes of GTD-based hybrid precoder design with and without AN. It is
confirmed via the extensive simulation results that AN aided hybrid precoding
design provides remarkable results and ensures more secure transmission in
mmWave massive MIMO systems.

Keywords: 5G, GTD, hybrid precoders, Massive MIMO systems, mmWave, AN,
PLS.

1. Introduction

The shape of the wireless communication industry is continuously changing with the
advancement of technology. This evaluation is totally based on the demands and
requirements of consumers. Existing wireless communication systems have limited
abilities to fulfill the increasing demands such as massive capacity, manifold connected
devices, extremely high data rates, extremely low latency and efficient utilization of
bandwidth (Hossain and Hasan, 2015; Panwar et al., 2016; Song and Nagatsuma,
2011; Zou et al.,, 2016). Moreover, the smart grid communications, vehicle to
everything communication, internet-of-things (loT), and different other imagined
modern communication systems require extraordinary high data rates with low latency
and extremely high speed to facilitate modern mobile applications (Balasubramanian
et al., 2020; Bhoyar et al., 2019; Kabalci and Ali, 2019a; Sawada et al., 2009). The
advancement of wireless sensor technology and its applications are dramatically
increased and is applied almost in every field of life leading to a massive number of
connected devices (Bana et al., 2019; Kabalci and Ali, 2019b). This huge number of
devices cannot achieve seamless transmission while facilitating the high resolution
advanced mobile application using the available frequency spectrum (Mirfananda and
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Suryanegara, 2016). Millimeter waves (mmWave) which are not properly utilized yet,
are regarded as a perfect solution to encounter all the necessary necessities of
forthcoming communication systems for instance fifth-generation (5G) and beyond.
The mmWaves consists of very high frequency ranging from 30-300 GHz, which has
the capacity to make available a bandwidth that is 200 times the prevailing ones and
solve almost all the foreseen issues of future communication systems (Mumtaz et al.,
2016; Niu et al., 2015; Pi and Khan, 2011; Rappaport et al., 2013; Wang et al., 2019).

Although mmWaves highlight the inevitable issues of current and future
communications, it has serious degradation concerns such as rain fading and
propagation losses. Thanks to shorter wavelengths that allow the deployment of
multiple antenna technology (multiple-input multiple-output, MIMO), and the problems
are further solved by utilizing massive MIMO technology that aid to provide directed
beam towards the desired user (Bjornson et al.,, 2016; Mumtaz et al.,, 2016;
Swindlehurst et al., 2014). Still, it is very challenging and impractical to use a massive
size of RF chains, particularly in massive MIMO schemes. The optimal solution is to
take benefit of a hybrid precoding design that not only reduces the cost and energy
consumption but also eases the circuit complexities (Kabalci and Ali, 2020a; Liu et al.,
2019; Su et al., 2017; Zhang et al., 2019). Moreover, the security of mm\Wave systems
can be achieved by exploiting the integration of hybrid precoding architecture with
massive MIMO systems (Amarasuriya et al., 2016; Gao et al., 2015; Kabalci and Ali,
2020b; Zhu et al., 2017).

To ensure secure transmission, physical layer security (PLS) is regarded as an
astonishing approach that is exploited in mmWave massive MIMO systems for more
than a decade (Kapetanovic et al., 2015; Wang et al., 2018; Wu et al., 2018). The
information is broadcasted in all the direction in cellular communication systems. Thus,
the legitimate info that is anticipated for the desired mobile user (MU) can be
eavesdropped on by the undesired MU (Eavesdropper(Eve)) in wireless transmission
networks. The principal aim of PLS is to protect this legitimate info from Eve and reduce
the leakage of information towards Eve (Gao et al., 2017; Yang et al., 2015). Using
PLS, all the possible security challenges of forthcoming codeless communication
systems can be resolved.

In this context, the channel(s) of the transmitter to desired MU(s) are boosted whereas
channels to Eve(s) are degraded exploiting the spatial degree-of-freedoms (DoFs)
available in mmWave massive MIMO hybrid precoding systems. In this way, enhanced
signal-to-noise ratio (SNR) can be realized towards desired MU by setting the beam in
a particular direction that results in degraded SNR towards Eve. Consequently,
information leakage can be controlled, which secures the system against Eve. The
antenna subset modulation (ASM) approach is presented by (Valliappan et al., 2013),
which is considered as the first effective technique to secure the mmWave
communication systems exploiting the hybrid precoding architecture. Using this
scheme, a particular set of antennas are exploited to provide a directed beam towards
desired MUs. Nevertheless, there are notable side lobe issues associated with this
scheme that is further highlighted in (Chen Chen et al., 2017). Another versatile
scheme to protect the mmWave communication systems is reported in (Li et al., 2018).
According to this study, only a particular set of the antenna is activated out of a massive
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number of installed antennas. Thus, the exact information of the antenna number will
be unknown to all MUs. Moreover, radio-frequency (RF) chains with an uncertain
number are realized i.e., every time the different size of RF chains is employed
according to the activated antenna. Thus, it is confusing for Eve to deploy the correct
size of RF chains and antenna array. Consequently, it is likely possible that Eve
commences inaccurate features (size of RF chains and antenna array). Therefore,
eavesdropping abilities of Eve are affected, which in turn protect the legitimate
information from Eve and provides a protected hybrid precoding architecture for
mmWave MIMO systems. Although this approach protects the system from
eavesdropping, it avoids the situation when Eve realizes the exact features of the
transmitter. This situation is further investigated by (Tian et al., 2020). In this study,
they assumed that all the participants (transmitter, desired MU and Eve) have the same
features discussed above. They improved the systems’ security. However, the solution
is still missing when Eve deploys the same size of RF chains and antenna array as
does by the transmitter. Because eavesdropping abilities are increased when Eve is
equipped with the same features, it is required to highlight this issue as well. This
problem is further resolved by (Kabalci and Ali, 2020a). In this scheme, artificial noise
(AN) is send towards Eve consequently it will receive AN along with legitimate info.
Thus, it will be impossible for Eve to extract the correct information. In this way,
massive MIMO hybrid precoding architectures in mmWave systems realize protected
transmission.

Motivated from the investigations reported in (Kabalci and Ali, 2020a), this study
utilizes AN aided hybrid precoding architecture using generalized triangular
decomposition (GTD) to protect the communication in mmWave massive MIMO
systems. The performed simulation studies also affirm that the GTD scheme with AN
realizes exceptional results as compared to the GTD scheme without AN and
guarantees more secure communications. In simpler words, the suggested approach
provides nominal outflow of formation to Eve, which enhances the overall secrecy rate
performance of the massive MIMO hybrid precoder architecture for mmWave system.

2. System model

Our system model shown in Fig. 1 has three participants i.e., a transmitter (Alice), an
authentic MU (Bob) and an illegal MU (Eve). The extensively utilized scatterer-sharing
channel model is exploited in the study (Rappaport et al., 2015). The transmitter uses
N, antennas and v, . RF chains for transmitting ~, data streams in the direction of

Bob that uses », antennas and v, , RF chains over wiretap massive MIMO mmWave

channel. Both transmitter and legitimate MU exploit hybrid beamforming architecture.
We assume the following conditions v <~ ,. , <N, and v <N, , <N, to guarantee

the transmission of multiple streams, and address budget and power limitations in

, 1
mmWave systems. The multi-stream vector s=n~N x1 observes E[SSH]:V'IM

N

condition. This vector is first precoded by digital precoder (FD el N%FXN") while in the

166
TURK-COSE 2021 | Book of Proceedings



lil. International Turkic World Congress on Science and Engineering
14-15 June 2021, Nigde - Turkey

next step analog precoding (FRF el N“XN’G?F) is performed. Moreover, the normalized

power condition i.e., |F,.F,[. = N, needs to be realized.
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Figure 1. The general layout representing the system model of massive MIMO
hybrid precoding architecture to secure the mmWave systems.

The transmitter disseminates a signal as shown in (Kabalci and Ali, 2020b, 2020a;
Kabalci and Ali, 2020b)

t=/PF,.F,s (1)

where P is the required power to transmit the signal t<0 ¥'. The signal is then
received by Bob exploiting H, el ™ (transmitter-to-Bob channel). The received
signal is defined as (Kabalci and Ali, 2020b, 2020a; Kabalci and Ali, 2020b)

r =Ht+n, (2)

x1

where n, €l "' indicates a noise vector (independent and identical distribution (i.i.d)

CW(O,of) ). In the next step, t, is passed through w,,, e ¥*¥& (RF combiner) and

baseband combiner (WD7beDN’gFXN“) while their combination is expressed as

W, =W, , W, 0" (hybrid combiner). Last of all, the following signal is realized
after all the processing stages expressed as (Kabalci and Ali, 2020b, 2020a; Kabalci

and Ali, 2020b)
m, =JPW” W2 HF, Fs+ W' W (3)
b= b Wer p B pp K pS + Wh  Wep 0y
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Likewise, Eve also uses N antennas and N,,. RF chains to silently listen to the
information exploiting hybrid combiner architecture W, = W, W, , el *** _In a similar
fashion, the final processed signal at Eve is indicated as

mg = \/ﬁwgl,ewg’,eHeFRFFDs + Wgewﬁ"ene (4)

Owing to shorter wavelengths offered by mmWaves, these waves are affected by tall
buildings and other obstacles leading to random scatterings. However, there may exist
some common scatterers among different MU. Consequently, Bob and Eve will have
a few alike angles of departures (AoDs). The transmitter uses AoDs of desired MU to
send original info to Bob. As a result, Eve will also get access to the legitimate message
owing to mutual AoDs between desired and undesired MUs. The H, is defined as

N N Ny Nray
= a ]
b chN:ly ; HZ:; By (49,:,, )af (¢£n) (5)

where N, represents number of clusters (scatterers), every cluster further adds v,
rays. g, labels the complex gain of the n ray in the m™ cluster with Rayleigh

distribution. Alice and Bob follow a uniform linear array (ULA) architecture.
6,..4,, €[0,7] signify the AoDs and angle of arrivals (AoAs) for transmitter and Bob

for the mnt" route, respectively.

The general performance metric used to investigate the secrecy rate of wiretap
massive MIMO hybrid precoders for mmWave systems is shown as (Kabalci and Ali,
2020b, 2020a; Kabalci and Ali, 2020b)

R, =(log2 ‘INS +Cb‘—log2 ‘IM +C, )+ (6)
C,Up / N, Rl:,lnwll){,bwg‘,beFRFFD ng FRI;"HII? Wer s Wo o (7
C.0 P/N, R, W, Wy HF, .F xFFH'W,, W, (8)

R,, 0o, W), Wy W W, 9)

R, 0o Wy Wi Wi W, (10)

where the achievable capacity of desired and undesired MUs are specified by C and

indicate their corresponding noise covariance

e

C., respectively, while R,, and R,

1

matrices.
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3. Problem formulation and secured hybrid precoding architecture

The actual problem of a hybrid precoding architecture is expressed as:

{FRF Fpo Wi s WD,b} =argmax R,
st. Foe (i) €T, Vi=1,..., Ny,
W, (1) €R,Vi=1,.., Ny
[Fe B[ = N,.

(11)

where the performance of RF precoder and combiner are controlled by 7 and R,

respectively. 7 and Rare shown as (Kabalci and Ali, 2020b, 2020a; Kabalci and Alj,
2020b)

27mx

710 {(1/\/17“)-@"23 x =1,2,...2B} (12)
R [ {(I/JN_b)-ejZ;? x=1,2,...23} (13)

Phase shifters (PSs) have a very important role in RF precoder and combiner, and
directly depend on T and R, respectively. PSs consider a constant magnitude 1/,/Na

for ease in this study while their phase quantization is regulated by B number of
quantization bits. A low resolution PSs are employed in this manuscript for simplicity.
The fundamental objective is to protect original information. Therefore, a secure
channel H, should be constructed. This H, is attained in two-steps. In the first step,

the SVD process is applied on H, using the following expression.
H, =UzV” (14)

where U, and Vv, are unitary matrices made of the singular vectors that are directly
related to the diagonal matrix =, (nonzero singular valued). In the second step, H, is
established exploiting Eq. (15).

H =H,(I-V,V") (15)

Now, Eq. (6) can be reconsidered based on the above expression as follows.

R ~R, ~log,[C, (16)
where
C,0 P/N,R'W; Wy H F, . F, xF Fu H W, W, , (17)
R 0O Ulf Wg,bwgv,hWRF,bWD,b (18)
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Now, analog (Fy- and W,,,) and digital (F, and W,,) pairs are needed to meet the

design objective. Fy. and W, are attained exploiting the algorithm discussed in (Tian
et al., 2020). Whereas F, and w,, are achieved over an effective channel

H,, 0 W, H,F,. exploiting the GTD scheme.

gtd (H,, ) = QRP” (19)
F,=P(.i), i=1,..,N, (20)
W,,=Q(5i), i=1,...,N, (21)

Further details of the GTD scheme are available in (Kabalci and Ali, 2020b). In the next
step, F,, is normalized using the following expression.

FBB - W (22)
F

When it comes to Eve, the combiner is generally achieved over an effective channel
H,, =H F. However, in our case, it will become as H,, =H F+AN to combat the
eavesdropping when both Bob and Eve have identical antenna arrays. The combiner
for Eve (W, ) is acquired exploiting the minimum mean square error (MMSE) filter using
the following expression

HH

VVEZ(,DH effe

-1
M1, ) Hy, (23)

4. Results

The outcome of our system model is analyzed in terms of secrecy rate versus SNR
with the aid of different simulation studies. In this context, ¥~ =N, =N, =192 is

selected whereas B =2 quantization bits are used to realize low-resolution PSs. The
studies are investigated considering the ULA arrangement. We assume d =1/1
antenna spacing at Alice, Bob and Eve. Furthermore, the AoDs and AoAs are
supposed to follow uniform distribution in the range of [0,27z]. Eve and Bob arbitrarily

choose 3~8 scatterers as their transmission route out of 10. Each scatterer is further
linked to 10 propagation paths. For simplicity, the noise variance o} =02=1.

Moreover, fully digital precoder design with PLS acts as a performance benchmark
while hybrid precoder based on spatially sparse precoding (SSP) algorithm with no
PLS implementation is set as lower bound (Ayach et al., 2014).

The first result presented in Fig. 2, describes the outcomes of AN aided hybrid precoder
design based on GTD algorithm for mmWave massive MIMO system.
N,=2, Ny, =N, =N, =4 conditions are considered in this case. It can be seen

from the figure that the hybrid precoder based on GTD with AN reaches to 20 bps/Hz
secrecy rate value. In contrast, the GTD without AN realizes almost15 bps/Hz value.
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This indicates an improvement of 5 bps/Hz value, which approves the importance of
AN. On the other hand, when comparing the performance curves with a lower bound,
it can be seen that GTD without AN provides an improvement of 5 bps/Hz value. On
the other hand, 10 bps/Hz performance gain is realized in the presence of AN.

45 T T T T ! ‘
Full-digital R_
40| _ g —R, GTD without AN o
a5 | |0 R, GTD with AN /"@/ |
— B —R_ GTD without AN g
—_~ . ./‘
£ 30 [@ R, GTD with AN ‘/@ 1
a —A—R_GTD without AN o
o) -
P AN R, GTD with AN /Q’ R
® —{—SSPw/o PLSR < H
=20 s 2 7 A
8 ®/ A AAA """ é
o 7 JASEE g
815 A - A
10
5
oft
-30 -20 -10 0 10 20 30
SNR (dB)

Figure 2. Secrecy rate vs SNR performance curves for
N, =2, Nira =Ny = Nipe =4.
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Figure 3. Secrecy rate vs SNR performance curves for
N, = NRF,a :NRF,b :NRF,e =4.
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According to the Fig. 2, the eavesdropping capabilities of Eve are affected using AN.
As a result, the overall secrecy rate is alleviated.

The next result is displayed in Fig. 3 that investigates the performance of our model
considering the worst case i.e., N = N, , =N,., =N, =4. It is obvious from the

figure that the hybrid precoder based on GTD with AN accomplishes a secrecy rate
value of around 40 bps/Hz. On the other hand, the GTD scheme without AN realizes
nearly 32.5 bps/Hz value. This shows an improvement of 7.5 bps/Hz value, which
certifies the positive impact of AN. However, when comparing the performance curves
with a lower bound, it can be noticed that GTD without AN offers an improvement of
almost 10 bps/Hz value whereas a performance gain of approximately 17.5 bps/Hz is
realized in the presence of AN.

In both of the above cases, results approve the impact of AN aided hybrid precoder
design based on the GTD scheme. The outcomes clearly indicate that much better
results can be attained in the presence of AN as compared to the ones without AN. In
simpler words, GTD with AN offers finer transmission in terms of security as compared
to GTD without AN and degrades the eavesdropping abilities of Eve.

5. Conclusions

In this manuscript, AN aided protected hybrid precoding architecture exploiting GTD
algorithm for mmWave massive MIMO systems is inspected with the help of different
simulations. We exploited PSs with B= 2 to ease circuit complications. The analog
part of this design is achieved using traditional cooperative analog precoder and
combiner algorithm while the digital part is attained using GTD algorithm. Moreover,
AN is also send along Eve's side to confuse him such that he also receives noise with
original info. In this way, eavesdropping capabilities of Eve are challenged and
provides secure communication. The simulation outcomes clearly indicate the
significance of AN. The system achieves exceptional results in the presence of AN (an
improvement of upto 7.5 bps/Hz value), and endorses minimum leakage of information
as compared to the ones without AN.
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Mekansal Verilerin Depolandigi iliskisel Veritabani Metin Arama
Isleminde Sorgu Optimizasyonu
Murat Tasyiirek’
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Ozet: Konum temelli veriler olarak bilinen mekansal veriler fiziksel nesnenin cografi
koordinat sistemindeki sayisal degerler ile temsil edilmesidir. Mekansal verileri
kaydetmek, dizenlemek, gorsellestirmek ve analiz etmek igin Cografi Bilgi Sistemi
(Geographic Information System - GIS) yazilimlari kullanilir. Mekansal veriler GIS
sistemleri sayesinde yaygin olarak kullaniimakta ve bir¢ok sistemin alt yapisini
olugsturmaktadir. Yaygin olarak kullanilan ve yer ytizinde bulunan bitin nesnelerin
mekéansal veri olarak tanimlandigi GIS sistemlerinde arama islemi ve aranan
mekansal verinin bulunmasi ¢ok 6nemlidir. Bu calismada mekansal verilerin
depolandidi iliskisel veritabani metin arama igleminin daha dogru sonuglar bulmasi
icin sorgu optimizasyonu Onerilmistir. Bu bildiride 6nerilen ydntem Kayseri
BlyuUksehir Belediyesine ait gercek mekansal verileri ve Oracle iliskisel veritabanini
kullanmistir. Onerilen sorgu optimizasyonu tabanli ydntem klasik sorgu yontemi ile
karsilastinimistir. Deneysel sonuglar, Onerilen sorgu optimizasyonu tabanli
yontemin klasik sorgu yontemine gore kelime sayisi arttikca ¢ok daha basari
sonuglar verdigini gostermistir.

Anahtar Kelimeler: Mekénsal veriler, Cografi bilgi sistemleri, Sorgu
optimizasyonu, Akilli sehir kayseri, Mobil uygulama

1. Girig

Konum temelli veriler olarak bilinen mekansal veriler fiziksel nesnenin cografi koordinat
sistemindeki sayisal degerler ile temsil edilmesidir (Anselin vd., 2010). Mekéansal
veriler, belirli bir konumla ilgili veya bu konum hakkinda bilgi iceren herhangi bir
nesneyi tanimlamak igin kullanilir. Mekansal veriler bina, okul, cami, eczane, gol, dag
veya kasaba gibi yerylUzundeki nesnenin konumunu, boyutunu ve seklini temsil eder
(Tasyurek, 2021). Mekansal verileri kaydetmek, dizenlemek, gorsellestirmek ve analiz
etmek icin Cografi Bilgi Sistemi (Geographic Information System - GIS) yazilimlari
kullanilir (Tagyurek, 2021). Mekansal veriler GIS sistemleri sayesinde yaygin olarak
kullanilmakta ve birgok sistemin alt yapisini olusturmaktadir (Reibel, 2007). Yaygin
olarak kullanilan ve yer yuzunde bulunan butin nesnelerin mekénsal veri olarak
tanimlandigi GIS sistemlerinde arama islemi ve aranan mekansal verinin bulunmasi
cok onemlidir.

Mekansal veri turleri vektor ve raster olmak Uzere kendi igerisinde iki gruba ayrilir.
Raster veri grubu genellikle grid formatinda hava fotografi ve uygu goérintilerinden
olusurken vektor veri grubu nokta, cizgi ve cokgen geometri veri turunden olugur
(Karduni vd., 2016). lliskisel veritabaninda SQL iglemlerinin ve indeks yapisinin hizli
calismasi icin mekansal veriler veri turine gore farkh farkh tablolarda tutulmaktadir.
Verilerin farkli tablolarda tutulmasi arama islemini zorlastirmaktadir ve Tasyurek
(Tasyurek, 2021) bu sorunun Ustesinden gelmek igin veritabani denormalizasyon
yontemini kullanarak materyallestiriimis bir yapi (view) olusturmus ve arama iglemini
hizlandirmistir. Ancak denormalizasyon yontemi ile sorgularin cevap verme suresi
azalmig olsa da metin tabanli arama iglemlerinde genellikle yazim yanlhiglarindan veya
aranan mekéansal nesnenin isminin tam olarak bilinmemesinden kaynakli arama iglemi
istenilen performansi verememektedir. Literatirde metin tabanlh arama islemini igin
yaygin olarak Elasticsearch yontemi kullanilmaktadir (Kononenko vd.,2014). Fakat
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Elasticsearch yontemi 6zellikle blyuk veri kiimesinde etkili galismaktadir ve mekansal
verilerin depolandigi ve guncellendidi iligkisel veritabaninda Elasticsearch yontemini
kullanmak igim mimarinin yeniden yapilandirilmasi gerekmektedir ve bu iglem birgok
sistemi etkileyecegi icin zordur.

Bu c¢alismada, mekansal verilerin depolandigi ve guncellendigi iligkisel veritabani
metin arama isleminin daha dogru galismasi ve aranan kayitlari bulmasi igin sorgu
optimizasyonu tabanli bir yontem onerilmistir. Bu bildiride onerilen yontem Kayseri
Blyuksehir Belediyesi’ne (KBB) ait gergek mekansal verileri Oracle iligkisel veritabani
sisteminde kullanmigtir.

2. Problem ve Gozumler

Problem, KBB Akilli Sehir Kayseri Mobil Uygulamasi (Tasyurek vd., 2020) metin arama
isleminde ortaya ¢ikmistir. Oncelikle, metin arama islemlerinde kullanilan klasik
yontem olan SQL (Structured Query Language) Like operatoru ile probleme ¢6zim
uretilmeye calisilmigtir. Fakat, klasik metin arama yontemi ile mobil uygulamayi
kullanan kullanicilarin aramis oldugu konumlari (cami, okul, eczane vb.) bulamadigi
tespit edilmigtir. Bu sorunun Ustesinden gelmek igin aranan metin ifadesi kelimelere
bdlinerek ve metin icerisinde gegen butin kelimeleri kapsayacak sekilde SQL ifadesi
optimize edilerek aranan konum bulunmaya c¢aligiimigtir.

2.1 Metin Arama Klasik C6zum

iliskisel veritabanlarinda metin arama islemleri icin Like operatdrii kullaniimaktadir.
Like operatoru char, nchar, varchar ve varchar2 metin alanlarinda arama yapmak igin
kullanilir. Like operatori WHERE operatort ile birlikte kullanilir ve belirtilen 6zel
ifadeye uyan kaydin olup olmadiginin sorgulanmasini saglar. Like operatoru kullanim
acisindan diger operatorlerden farkli olarak 6zel ifade igerisinde bazi karakterler
kullanarak arama yapilir (Kim, 1982). Like operatorunun kullanabildigi karakter ve
kullanim amaci asagida listelenmistir.

o % ifadesi, % karakterinin bulundugu yere sifir veya daha fazla sayida karakter
gelecegini ifade etmektedir.

e _ ifadesi, _ karakterinin bulundugu yere yalnizca bir karakter gelecegini ifade
etmektedir.

e [] ifadesi, yalnizca parantez igerisine yazan karakterlerin gelecegini ifade
etmektedir.

e [*] ifadesi, parantez igerisindeki karakterlerin gegcmeyecegini ifade etmektedir.

Tablo 1’de KBB’den alinan ve butiun mekansal verilerin depolandigi tablonun yapisi
gOsterilmigtir.
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Tablo 1. Veritabani Tablo Yapisi

Sutun S

Adi Veri Tipi Aciklama

KayitNo | Rakam Her bir kayit icin olusturulan ve tekil olan alandir.
Adi Metin Mekénsal verinin adidir.

Nokta, cizgi veya ¢cokgen seklinde olan geometrik

Geometri | Mekansal veri .
veridir.

Turu Metin Mekéansal nesnenin turina gostermektedir.

Mekansal verinin hangi ilge sinirlari igerisinde

lice Metin bulundugunu gdstermektedir.

Mekansal verinin hangi mahalle sinirlari igerisinde

Mahalle | Metin bulundugunu gdstermektedir.

Mekansal verinin hangi ilge sinirlart CSBM’ye bagl

CSBM Metin oldugunu gdstermektedir.

Mekansal verinin bulundugu binanin ismini

BinaAdi Metin gOstermektedir.

Akilh Sehir Kayseri Mobil Uygulamasi icin Metin Arama Klasik yéontemde Tablo 1'de
bulunan Adi sutunu igin Like operatoru ile arama yapilmistir. Oracle iligkisel veritabani
icin klasik metin arama yénteminin sorgusu Sekil 1’de gdsterilmistir. Sekil 1’de bulunan
MV_KBB_ALL Tablo 1'de detaylica anlatilan veritabani tablosunu ve
P_ARANAN_CUMLE ise aranan metin ifadesini gostermektedir.

SELECT * FROM MV KBB ALL WHERE ADI LIK '%| [P ARANAN CUMLE| [%'

Sekil 3. Klasik Metin Arama Sorgusu

Ancak kullanicilar aramis olduklari mekansal noktalarin isimlerini yanhs yazabilmekte
veya kelime diziligi olarak veritabaninda kayith olan dizilisgten farkli olarak arama
yapmakta bu nedenle aramig oldugu sonuca ulagamamaktadir. Kullanicilarin aramis
olduklar verileri erigsebilmesi i¢in sorgu optimizasyonu tabanli metin arama yéntemi
onerilmigtir.

2.2 Metin Arama Sorgu Optimizasyonu Tabanh Coziim

iliskisel veritabaninda klasik metin arama islemi ile bir cimle arama yapildiginda
arama yapilan cumlenin veritabaninda depolanan cumle ile ayni diziliste olmasi
gerekmektedir. Aranan cumle veritabaninda depolanan dizilisinden farkli olur ise sorgu
cumlesi kayit bulamayacaktir. Bu sorunun ustesinden gelmek ve Akilli Sehir Kayseri
Mobil Uygulamasinda kullanicilarin aramis olduklari mekansal nesneleri bulmasi igin
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sorgu optimizasyon yontemi onerilmistir. Oracle iligkisel veritabaninda 5 kelime iceren
cumle i¢in optimize edilmis metin arama yonteminin sorgusu $ekil 2'de gosterilmistir.
SELECT * FROM (

SELECT M.*, UTL MATCH.EDIT DISTANCE SIMILARITY (ADI,P ARANAN CUMLE) BENZERLIK ORANI

FROM MV KBB ALL M WHERE ( ADI LIKE '% RANAN KE 1

OR ADI LIKE ' F RANAN KE E !

OR ADI LIKE '% RANAN K

OR ADI LIKE ARANAN K 4

OR ADI LIKE '$%||P ARANAN KELIMES]||%') )

ORDER BY BENZERLIK ORANI ASC

Sekil 4 Optimize Edilmis Metin Arama Sorgusu

Sekil 2'de kullanicilarin aramis olduklari mekansal noktalari bulmasi ve aranan
cumlede bulunan kelime diziliglerinin farkl oimasindan kaynaklanan sorunlari ortadan
kaldirmak igin cimle kelimelere bodlinerek kelime bazli arama islemi yapilmistir.
Ancak, kelimelere bolerek arama isleminde sorgu istenilen sonucu verse aranan nokta
kayitlarda en sonda gelmektedir. Bu sorunun Ustesinden gelmek igin UTL_MATCH.
EDIT_DISTANCE_SIMILARITY fonksiyonu kullaniimigtir. UTL_MATCH
ktiphanesinde bulunan EDIT_DISTANCE_SIMILARITY fonksiyonu iki kelime
arasindaki dedisen karakter sayisini gostermektedir (Urbanoski vd., 2018). Degisim
sayisi az olan kayit kullanicinin aramig oldugu kayit olma ihtimali yuksektir ve order by
operatoru ile bu kayitlarin ilk sirada gelmesi saglanmigtir.

3. Arastirma Sonuglari

Bu calismada KBB’den alinan Oracle iligskisel veritabaninda depolanan mekansal
veriler kullaniimigtir. Tablo 1°de detaylica anlatilan veritabani tablosunda 574.274 adet
kayit bulunmaktadir. Deneysel c¢alismalar 574.274 adet gergek veri Uzerinde
yapilmistir. Bu galismada yapilan deneyler Intel Xenon Gold 5118 CPU 2.30 GHz (4
Cekirdek) 16 GB Ram 600 GB SSD disk 6zellikleri ve Windows Server 2012 isletim
sistemine sahip sunucu Uzerinde gergeklestirilmistir.

3.1. Deneysel Sonuglar

Klasik metin arama ve 6nerilen optimize edilmis metin arama ydntemlerinin sonuglari
karsilastirmak i¢cin arama sonugclarinin basari oranlari incelenmistir. Aranan kelime
saylisi ve toplam arama sayisina gore yontemlerin basarilari irdelenmigtir. Tablo 2’de
aranan kelime sayisi, toplam arama sayisi, klasik arama yonteminin bagari orani ve
Onerilen optimize edilmis arama yonteminin basari orani gosterilmistir. Sekil 3’te ise
yontemlerin aranan kelime sayisina gore basari orani grafik olarak sunulmustur.
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Tablo 2. Arama Genel Bilgisi

Kelime Sayisi | Arama Sayisi | Klasik Yéontem | Onerilen Yéntem
1 50.230 91 91
2 40.021 40 85
3 18.037 10 80
4 10.615 3 77
5 6.123 0 76
6 2.687 0 75
7 1.678 0 74
8 1.378 0 73
9 1.203 0 73
10 785 0 71

Tablo 2 ve Sekil 3'te goruldugu Uzere sadece bir kelime arandigi durumda her iki
yontemde ayni sonucu vermektedir. Clnkd bu durumda her iki ydnteminde sorgusu
ayni olmaktadir. Kullanicilar genellikle 1 veya 2 kelime ile arama yapmay: tercih
etmektedir. Kelime sayisi artikga klasik arama yonteminin dogru sonucu bulmasi igin
kullanicinin  arama iglemini veritabaninda kayith oldugu formatta aramasi
gerekmektedir. Bu nedenle kelime sayisi artikga klasik arama yonteminin performansi
dusmektedir. 5 veya Uzerinde kelime arandigi durumda kullanicilarin harf hatasindan
veya veritabaninda yazilmis olan ile birebir aynisini arayamadigindan dolayi aranan
hicbir kayda ulasmamistir. Onerilen optimize edilmis metin arama ydntemi ise aranan
metin ifadeyi kelimelere bolim her kelime igin aslinda arama yaptidi i¢cin ve en ¢ok
benzeyen kaydi 6n planda gdsterdigi igin basari orani daha yuksek ¢ikmistir. Klasik
arama yontemi 5 veya daha fazla kelime higbir kayit bulamazken 6nerilen yéntem 10
kelime arandid1 durumda bile %71 basari orani ile ilgili kayitlari bulmaktadir.
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Sekil 5 Yontemlerin Kelime Sayisina Gore Basari Orani

Metin arama isleminde klasik yontem sadece aranan cimle tek kelimeden olustugunda
dogru sonugclar uretmektedir. Aranan kelimede birden fazla kelime oldugunda klasik
yontem sonu¢ Uretememistir. Onerilen sorgu optimizasyon tabanli yéntem ise aranan cumleleri
kelime bolerek aradidi i¢in dogru sonuglar dretmektedir.

4.2. Akilli Sehir Kayseri Mobil Uygulamasi Arama Sonucu

Onerilen optimize edilmis metin arama yontemi Kayseri Biyiksehir Belediyesi
kurumsal mobil uygulamasi olan Akilli Sehir Kayseri Mobil uygulamasinda aktif olarak
kullanilmaktadir. KBB mobil uygulamasi Google Play Store ve App Store’dan Ucretsiz
olarak indirilebilmektedir. Mobil uygulamada acilan genel arama ekraninda arka planda
Onerilen optimize edilmis metin arama yontemi c¢alismaktadir. Kullanicilar kelimeler
arasinda genellikle bosluk kullanmaktadir ve bu nedenle kelime bolum islemi bogluk
karakterine gore yapilmistir. Onerilen yéntem aranan mekansal konumun isminin
kelimeleri yanlig yazilsa bile aranan kayitlari ilk sirada géstermektedir. Sekil 4'te ildem
avm park cumlesi aranmigtir. Aranan cumlede bulunan kelime dizilimi ile Oracle
veritabaninda bulunan kelime dizilimi ayni olmamasina ragmen onerilen yontem
kullanicinin aramis oldugu mekéansal noktaylr bulmakta ve siralamada ilk sirada
gOstermektedir.
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Sekil 6 Metin Arama Sorgu Optimizasyonu Sonucu

4. Sonuglar

Mekénsal veriler GIS sistemleri sayesinde yaygin olarak kullanilmakta ve birgok
sistemin alt yapisini olugturmaktadir. Yaygin olarak kullanilan ve yer yuzinde bulunan
biatlin nesnelerin mekansal veri olarak tanimlandigi GIS sistemlerine arama islemi ve
aranan mekansal verinin bulunmasi ¢ok onemlidir. Bu ¢alismada, mekansal verilerin
depolandigi iligkisel veritabaninda metin arama igleminin basarisini artirmak igin sorgu
optimizasyonu tabanli ydntem énerilmistir. Onerilen yontemin sonuglari ile klasik metin
arama yontemin sonuglari KBB’den alinan gergek veriler kullanilarak ile
karsilastiriimistir. Deneysel degerlendirmelerde Onerilen yontemin aranan konumun
kelime sirasini yanlis yazilsa bile ilgili kaydi ilk sirada getirdigi gorulmustur. Deneysel
degerlendirmeler, klasik arama yonteminin 5 ve uUzeri kelime arandiginda higbir sonug
bulamadigini, 6nerilen yontemin en kotu durum olan 10 kelime arandiginda bile %71
basari orani ile ilgili kayitlari buldugunu gostermistir.

5. Tesekkir

Kayseri Buyuksehir Belediyesi'ne iligkisel veritabaninda depolanan ve guncellenen
mekansal verileri paylastigi icin tesekkur ederiz.
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Abstract: Expeditious urbanization and population boom have resulted in the
shrinkage of productive agricultural lands. Resultantly, rehabilitation of degraded
lands like salt-affected, sodic, nutrient-deficient and sandy soils for crop production
is successfully being carried out by the scientists to overcome malnutrition and
hunger. However, degraded lands like shooting range soils (SRSLs) and
battlefields which were extensively spread in the 20th century, are at all times
overlooked by the scientists for their rehabilitation to fertile agricultural lands. The
novelty of our research is an attempt to rehabilitate SRSL to productive agricultural
land with the use of cheap and effective amendments. The SRSL in this pot
experiment was amended with iron hydroxyl phosphate (FHP), lignin (LN) and
biochar (BH) (at 2.5 and 5% rates) to assess the Pb, Cd, Cu and Ni bioavailability
in SRSL, and their corresponding distribution in barley plant as a test crop.
Likewise, treatments effect on soil enzymatic activities, grain nutritional status, and
plant oxidative stress were also scoped. Results affirm that BH5% and FHP5%
treatments significantly reduced Pb, Cd, Ni, and Cu bioavailability in SRSL up to
83-84%, 83-85%, 75-77%, and 51-55%, respectively, while reducing their
concentrations up to 45-48%, 45-51%, 50-51%, and 55-58% in grain, in contrast
to control. Likewise, the activities of B-glucosidase, phosphomonoesterase, urease,
catalase, and acid phosphatase depicted the highest in BH5% followed by LN5%
treatment, compared to control. The BH5%, FHP5%, and LN5% treatments
depicted the highest grain biochemistry, while improvement in plant biomass and
oxidative stress alleviation were observed with BH5% and LN5% treatments,
compared to control. Except for Ni, the rest of metals concentrations in grain were
higher than permissible limit of WHO. We suggest further pot and field trials
involving the usage of higher doses of BH, FHP, and LN in SRSL to bring grain
HMs concentrations below critical limits.

Keywords: Degraded lands, Rehabilitation, Shooting range soil, Amendments,
Soil enzymes, Grain biochemistry

1. Introduction

Land degradation, one of the major issues nowadays having 40 to 490 billion US$
global economic impact, is negatively affecting the environment quality, agronomic
production, and economic development of the countries which depend mainly on
agriculture (Nkonya et al., 2016; Lal, 2015). According to an estimate, a huge surface
of about 3.6 billion ha that is 70% of drylands is extensively degraded and is comprised
of salt-affected soils, saline soil, sodic soil and saline-sodic soil (Li et al., 2019),
nutrient-deficient soils, heavy metals (HMs) polluted soils, sandy soil (Khan et al.,
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2017), battlefields and HMs loaded shooting range soils (SRSLs) (Briggs et al., 2016;
Radziemska et al., 2019).

On the other hand, the population of our globe will outpace 9 billion by 2050. Since
95% of human consumables are grown on soil, proper management of existing
agricultural land and rehabilitation of degraded lands is very crucial to avoid food
insecurity and ecological disturbance (Cleland, 2013; Lal, 2015). In the past decades,
fruitful outcomes of extensive research have resulted in the rehabilitation of salt-
affected, HMs polluted, drylands and sandy soils for secure food production with low
economic costs and improved soil functions (Khan et al., 2017; Shahbaz et al., 2018a,
b; Shahbaz et al., 2019; Yirdaw et al., 2017). Although in the 20" century, the use of
ammunition and explosives in battlefields and SRSLs was widespread, the scientific
literature pool is unable to provide any information regarding the rehabilitation of
battlefields and SRSLs for restoring the soil functions and safer food production on
them.

Since shooting ranges [SR(s)] are one of the degraded soils that exhibit elevated
concentrations of HMs, poor soil functions, low enzymatic activities, and very limited
soil biota are reported in them (Tandy et al., 2017). Shooting ranges are a potential
source of a variety of heavy metals into the soil system, they are harmful to the
environment (Okkenhaug et al., 2016; Tandy et al., 2017; Lewinska and Karczewska,
2019). There are more than 100,000 SRs in the world which include 700 SRs in Spain
(Rodriguez-Seijo et al., 2016), 10,000 firing ranges in the United States (Fayiga and
Saha, 2016), and 500 small arms in Norway (Mariussen et al., 2015).

It is stated that a significant amount of HMs deposits such as Pb ranging from 103 to
72,600 tons, Sb from 12 to 1900 tons, and Cu up to 75 tons have been reported in the
SRs of the world (Mariussen et al., 2015; Okkenhaug et al., 2016; Tandy et al., 2017).
Briefly, for this reason, wide ranges of Pb, Cu, Sb, and other HMs concentrations have
been detected in the SRSLs of different countries across the globe (Fayiga and Saha,
2016; Lewinska and Karczewska, 2019; Lewinska et al., 2017; Okkenhaug et al., 2016;
Rajapaksha et al., 2015; Rodriguez-Seijo et al., 2016).

Such degraded SRSLs can be reclaimed by carefully deploying some high-efficiency
amendments and in-situ immobilization of toxic metals in the polluted areas is a widely
accepted method due to its greater efficiency, sustainability, and cost-effectiveness for
minimizing the mobility and bioavailability of HMs in the SRSLs (Tandy et al., 2017;
Yuan et al., 2017). Iron compounds are well known to have a firm potential to underrate
the deleterious effects of toxic HMs by immobilizing them in SRSLs (Mariussen et al.,
2015; Okkenhaug et al., 2016; Tandy et al., 2017). Additionally, different phosphate
compounds are well known for their capacity to form various insoluble compounds after
reacting with HMs and have been widely applied in SRSLs to render the mobility and
bioavailability of Cd, Cu, Sb, Zn and especially Pb in them (Cao et al., 2008; Fayiga
and Saha, 2016; Seshadri et al., 2017). Biochar (BH) is a solid substance obtained
from the decomposition of biomass under oppressive heat in an anaerobic
environment (Rajapaksha et al., 2015). It has great effects on soil properties, plant
growth, nutrient cycling, microbial population, and enzymatic activity (Khan et al.,
2017). Previously, the significance of BH to immobilize HMs in SRSL was described in
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detail in the literature (Rajapaksha et al., 2015; Sanderson et al., 2018). Recently, a
low-cost biopolymer “lignin” (LN) that occurs naturally in wood, has been widely used
to immobilize different metals in polluted mediums because of having discrete
properties to chelate different metals (Guo et al., 2008; Li et al., 2018; Wu et al., 2018).
In a recent investigation, the efficacy of LN to immobilize Pb and Cd in metal-polluted
soils is broadly described (Li et al., 2018).

To date, field and pot investigations have merely reported the reduction in HMs
bioavailability in SRSLs after the addition of different stabilizing agents. However, there
stands not a single study where an effot was made to convert
decommissioned/abandoned SRSLs to arable fields for crop production while utilizing
cheap HMs immobilizing agents. Accordingly, the main objectives of this investigation
were 1) to appraise the competence of BH, LN, and iron hydroxyl phosphate (FHP) on
immobilization of different HMs in SRSL, 2) to test the relative suitability of each
immobilizing agent on the bioavailability of HMs, and soil enzyme activities in SRSL
and 3) to observe the effect of amended SRSL on the metal distribution, growth, grain
nutritional quality and antioxidant defense machinery of barley as a test crop grown in
it. Overall, the preeminent purpose of our effort was to investigate the feasibility to
rehabilitate HMs exhibiting SRSL for crop production after amending it with low-cost
immobilizing agents. Outcomes of this data can give insight into the rehabilitation of
SRSLs for safer food production to feed the growing global population.

2. Materials and Methods
2.1. Site description, SRSL collection, and its analysis

The degraded SRSL was collected from Nawabshah (average annual temperature =
26.6 °C and 143 mm annual precipitation), Pakistan. This SR was regularly used for
training security officials. Soil samples were collected at a depth of 0-30 cm. All
samples were mixed to achieve a homogenized sample. The soil was air-dried and
sieved (2 mm size mesh sieve) to remove bullet fragments, stones, and other larger
objects. The physicochemical properties of SRSL were analyzed by following the
standard methods. Soil texture was determined by Gee and Bauder (1986) method.
Calibrated pH meter was deployed to measure pH of SRSL (WTW 7110, Weilheim,
Germany) in a soil/water mixture (1:2.5) at 25 °C subsequently, its 1 h shaking
(McLean, 1982). The calibrated EC meter was diploid to measure EC of SRSL
(BANTE, DDS-12DW). Similarly, the CEC of soil was calculated by the method of
Rhoades (1982). Walkley-Black method was used for the determination of soil organic
matter contents after measuring soil organic carbon (Jackson, 1962). The CaCOs3
content in the soil was determined by Allison and Moodie (1965). The total P in sall
was calculated by the method proposed by Watanabe and Olsen (1965), while soil
exchangeable K was estimated by a process recommended by Richards (1954). In
order to check the bioavailable fractions of HMs in the SRSL, 0.005 M DTPA extraction
was used (Lindsay and Norvell, 1978). The “pseudo” total concentrations of HMs were
determined after open flask digestion in aqua regia (HCI: HNOs3, 3:1 v/v) (Chen and
Ma, 2001). Both, the HMs concentrations in DTPA and aqua regia extracts were
determined by ICP-MS (PerkinElmer's NexION® 2000 ICP-MS). The data of the
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aforementioned parameters are illustrated in Table 1. All analyses were performed in

three replications.

Table 4 Physiochemical characteristics of SRSL, BH, LN and FHP employed in
this pot experiment.

Component Parameter Unit Value
Textural Class Clay Loam -
Sand % 39
Silt % 30
Clay % 31
O.M. % 0.77
Corg % 0.45
CE. dSm™ 2
pH - 8
CEC Cmolc kg™’ 12.9
SRSL CaCoOs % 3.9
SAR - 11.6
Total Pb mg kg™ 755
Total Cd mg kg™’ 23.2
Total Ni mg kg™’ 59.9
Total Cu mg kg™ 280
DTPA-Pb mg kg™ 2.8
DTPA-Cd mg kg™’ 1.44
DTPA-Ni mg kg™’ 1.63
DTPA-Cu mg kg™ 2.46
CEe dSm™ 3.1
pH - 8.5
C:N ratio - 49.9
CaCoOs % 1.1
SAR - 7.1
BH CEC Crmols kg™! 33.7
Total Pb mg kg™ 6.6
Total Cd mg kg™ 7.2
Total Ni mg kg™ 11.8
Total Cu mg kg™’ 99.5
c % 60.4
H % 6.1
(o] % 33.2
LN N % 0.3
CEC Cmolc kg™’ 27.9
pH - 9.8
Fe % 401
P % 16.6
Fe134P04(OH) l':e' P o 1'3‘;'1
(o) % 42.8
pH - 7.9
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2.2. Immobilizing agents used in this study

Overall, three amendments BH, LN and FHP were used for the stabilization of HMs in
SRSL. The BH was prepared by pyrolyzing Vachellia nilotica L. feedstock at 650 °C.
After this, BH was dried, ground in a blender, sieved (2 mm mesh size sieve), and
stored in a desiccator. Similarly, FHP was prepared according to Yuan et al. (2017)
and reference therein. The LN used in our study was purchased from Jinan Yuansheng
Chemical Technology Co., Ltd., Licheng District, Jinan, Shandong, China. The
physicochemical properties of all these amendments are illustrated in Table 1.

2.3. Design of the pot experiment

The SRSL was mixed with BH, FHP, and LN at two different rates (2.5% and 5% w/w
of SRSL) to obtain seven treatments (Table 2). These experimental treatments were
incubated for six weeks in a dark place (25 °C) at 65% WHC. The seeds of barley
variety “Rakshan-10" were sown to 5 kg pots and kept in the open experimental area
(temperature = 25 °C and 40-50% humidity). After germination, plants were fertilized
with a liquid fertilizer “Wuxal Super” according to the suggested dilution. The plants
were allowed to grow for 120 days till the ears became golden brown. Plant height data
were recorded with a measuring tape before harvest.

Table 2 Overview of the treatment plan considered in this pot experiment.

Amount of amendments

Treatments Abbreviations . : -1
incorporated in each pot (g pot™)

Control Control --

Biochar2.5% BH2.5% 125

Biochar5% BH5% 250

FeHPO42.5% FHP2.5% 125

FeHPO45% FHP5% 250

Lignin2.5% LN2.5% 125

Lignin5% LN5% 250

2.4. Appraisal of the chlorophyll contents, relative water content, antioxidant
enzymes activities and reactive oxygen species contents in barley leaf

The chlorophyll a (Chl-a), chlorophyll b (Chl-b), and carotenoid contents were
assessed via Hiscox and Israelstam (1979). The relative water content (RWC) was
calculated according to Pask et al. (2012). The supernatant used for the determination
of antioxidant enzymes such as SOD, CAT and APX was prepared with a fresh leave
sample (500 mg) that was homogenized with 4 mL of potassium phosphate (K-P)
buffer (50 mM, pH = 7), AsA (1 mM), B-mercaptoethanol (5 mM), KCI (100 mM) and
glycerol 10% (w/v) and centrifuged at 11,500 x g. The activity of SOD was estimated
by the method of El-Shabrawi et al. (2010). The activity of CAT was assessed by
deploying the methodology of Aebi (1984), APX by the method of Nakano and Asada
(1981), the glutathione (GSH) concentration by Sedlak and Lindsay (1968), and proline
(PL) content (Bates et al., 1973).

The MDA content was estimated via 500 mg fresh leaf tissue sample. An extract was
formulated by taking leaf tissue in TCA (5 mL, 0.1%) and supernatant (2.5 mL) was
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achieved after the mixture was centrifuged at 10,000xg (15 min). Later, this
supernatant was cooled on an ice slab after the addition of 1 mL TBA (0.5% w/v) in
20% TCA and, heating at 95 °C for 30 min. The absorbance was recorded at 532 and
600 nm, respectively, via a spectrophotometer. Beer and Lambert’'s equation was
adopted to appraise the variation in the absorbance to determine MDA content
(Jambunathan, 2010). The content of H202 was estimated by the process described
by Velikova et al. (2000). Likewise, the generation rate of superoxide (O27) was
measured by the method described by Yang et al. (2011) by taking the absorbance at
530 nm via a spectrophotometer (Nahar et al., 2016).

2.5. Harvesting and analysis of plant and soil after the execution of the pot
experiment

The plants were cut, washed, and parted into shoots and ears. The ears were manually
dehulled to obtain barley grain. Afterward, the soil from the individual pot was achieved,
air-dried, and sieved (2 mm size mesh sieve) to remove fine roots. Before that, coarse
roots were manually collected. The roots and shoots of barley were washed to remove
adhered dust and HMs attached to them. Plant biomass (roots, shoots, and grain) was
dried at 70 °C for 24 h in an oven (Memmert, model 100-800, Schwabach, Germany)
to obtain a consistent weight value. Afterward, these plant parts were ground in a mill
(IKAWerke, MF 10 Basic, Staufen, Germany), sieved (0.5 mm size mesh sieve), and
digested in a di-acid mixture (HNOs: HCIO4 = 2: 1) in an open flask digestion system
(Jones and Case, 1990). Likewise, DTPA-extractable metals (Ni, Cd, Cu, Pb) from the
post-harvest soil were extracted with 5 mM DTPA extractant (1:2 ratio for the soil to
DTPA extractant) (Lindsay and Norvell, 1978). Finally, the concentrations of HMs in
plant digests (roots, shoots, and grain) and soil DTPA extracts were determined by
ICP-MS.

2.6. Assessment of the activities of soil enzymes after plant harvest

A considerable magnitude of air-dried post-harvested SRSL was further used to
evaluate the activities of various soil enzymes. The activity of urease in soil was
assessed by the method described by Kandeler and Gerber (1988) and the activity of
B-glucosidase in post-harvested soil was appraised by the procedure of Eivazi &
Tabatabai (1988). The reduction rate of the p-nitrophenyl substrate was documented
at 464 nm via a spectrophotometer. Correspondingly, catalase activity was measured
by observing the consumption of H202 by the soil (Xu and Zheng, 1986). Soil acid
phosphatase activity was assayed by the method of Tabatabai and Bremner (1969).
However, p-nitrophenyl phosphate contents were adjusted in the reaction mixture and
absorbance was calculated at 400-420 nm via a spectrophotometer. The
phosphomonoesterase activity in the soil was determined by Paz-Ferreiro et al. (2014).

2.7. Assessment of grain biochemical contents

Barley grain was analyzed to appraise the contents of fiber, protein, starch, fat,
polyphenols, and phytates by using standard methods. Protein-dye binding technique
was used for measuring the protein content in grain (Bradford, 1976). The content of
fat and fiber in grain was analyzed by the procedures described by AOAC (2003). The
starch content in grain was estimated via the iodine test by keeping glucose as a

standard (Sullivan, 1935). The polyphenol content in barley grain was assessed by
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taking up the Folin Ciocalteu procedure (Singleton et al., 1999) via obtaining a gallic
acid curve. The method purposed by Haug and Lantzsch (1983) was used to record
phytate content in the grain.

2.8. Statistical analysis

This experiment was conducted in a completely randomized design (CRD). All
treatments were replicated thrice and Microsoft Excel 2013 was used for the calculation
of standard error (SE) of each treatment. The interpretation of the data was performed
through a one-way analysis of variance (ANOVA) with the help of Statistix 8.1%
(Analytical Software, Tallahassee, USA). Subsequently, LSD test (least significant
difference) was used to observe the significant difference (at P < 0.05) between the
treatment means (Steel et al., 1997).

3. Findings

3.1. Effects of BH, FHP and LN application in SRSL on HMs bioavailability in
SRSL

The analysis of grain size distribution (in the < 2 mm fraction) showed that the textural
group in the earthy fraction of SRSL samples was clay loam (Table 1). This SRSL was
poor in organic matter, where the content of OC was 0.45 mg kg™ with a pH value of
8. Except for the total concentrations of Ni in our SRSL, the concentrations of Pb, Cd,
and Cu were above the safer limits as suggested by WHO/FAO (2007). The
bioavailable fractions (in DTPA-extract) of Pb, Cd, Ni, and Cu in post-harvest soil of all
treatments were within the extent from 1.80 to 3.50, 0.97-1.95, 1.24-2.55, and
1.34-3.18 mg kg™ soil, respectively (Fig. 1). Incorporation of BH, FHP, and LN at both
rates (2 and 5%) in SRSL significantly reduced the DTPA-extractable fractions of Pb,
Cd, Ni, and Cu in post-harvest soil, compared to control treatment (Fig. 1). In this
context, the FHP5% and BH5% treatments were able to significantly reduce the Pb,
Cd, Ni, and Cu up to 58%, while application of LN5% decrease concentrations of Ni
and Cu up to 53%, compared to the control.
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Figure 1. The concentrations of Pb (A), Cd (B), Ni (C), and Cu (D) in shoots,
roots, and grain of barley as well as DTPA-extractable Pb (E), DTPA-extractable
Cd (F), DTPA-extractable Ni (G) and DTPA-extractable Cu (H) after plant harvest
after amending SRSL with BH, FHP, and LN (at both 2.5% and 5% rates). Mean

values with standard errors (SE) are the average of three replicates * SE and
the lower-case alphabets indicate significant differences (p < 0.05) among
treatments based on one way ANOVA (using LSD test, p=0.05atdf=6 and n =
3).
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3.2. Effects of BH, FHP and LN application in SRSL on the activities of soil
enzymes in SRSL

After plant harvest, the activities of soil enzymes like [-glucosidase,
phosphomonoesterase, urease, catalase, and acid phosphatase in the soil were in the
ranges from 1.37 to 2.26, 0.28-0.75 mol PNF g™' h™', 0.79-1.68 ug NHs g™' h™" dry
soil, 0.12-0.28 vol. of 0.1 M KMnO4 g~" of soil and 18.6-24.3 mg p-NP g™' 24 h™",
respectively (Fig. 2). In our experiment, distinct doses of BH, FHP, and LN in SRSL
resulted in significant influences on B-glucosidase and urease (excluding FHP2.5%
treatment), acid phosphatase (excluding FHP2.5% and LN2.5% treatments),
phosphomonoesterase, and catalase, in contrast to control (Fig. 2). Significantly the
highest activities of B-glucosidase, urease, and catalase in the SRSL were noted in
BH5% treatment which was improved up to 65%, 114%, and 136%, respectively, in
comparison to control. Likewise, the BH5% and LN5% treatments depicted the highest
advancement in the activities of acid phosphatase by 31% and 25%, respectively, and
phosphomonoesterase by 173% and 154%, respectively, compared to control.
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Figure 2. The activities of B-glucosidase (A), phosphomonoesterase (B), urease
(C), catalase (D) and acid phosphatase (E) in post-harvest amended SRSL with
BH, FHP, and LN (at both 2.5% and 5% rates). Mean values with standard errors

(SE) are the average of three replicates * SE and the lower case alphabets
indicate significant differences (p < 0.05) among treatments based on one way
ANOVA (using LSD test, p = 0.05 at df = 6 and n = 3).
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3.3. Effects of BH, FHP and LN application in SRSL on Pb, Cd, Ni and Cu
concentrations in shoots, roots, and grain of barley

Acquired data of Pb, Cd, Ni, and Cu concentrations were quantified within the extent
from 110.3 to 307.7, 4.98-13.8, 7.53-19.3 and 127.3-174 mg kg™' DW, respectively
in shoots, from 274.8 to 606.9, 9.44-20.6, 17.9-44.1 and 162.3-243 mg kg™' DW,
respectively in roots and from 16.4 to 105, 1.06-7, 2.01-8.8 and 59.9-133.3 mg kg™’
DW, respectively in barley grain (Fig. 1). Except for LN2.5% treatment in case of Cu
concentrations, incorporation of rest rates of BH, FHP, and LN in SRSL significantly (P
< 0.05) decreased the concentrations of Pb, Cd, Ni, and Cu in shoots, compared to
control treatment. Likewise, both doses of each amendment (2.5 and 5%) significantly
reduced the Pb, Cd, Ni, and Cu concentrations in roots as well in grain, compared to
the control treatment (Fig. 1).

Application of FHP5% and BH5% significantly decreased the concentrations of Pb, Cd,
Ni, and Cu in barley shoots, where the reduction for Pb, Cd, and Ni was up to 64% and
for Cu was up to 27%. Additionally, lower concentrations of Pb were found in roots,
where soils were treated with LN5%. The lowest concentrations of Pb, Cd, and Ni in
barley roots were found after FHP5%, BH5%, and LN5% application, where the
concentrations decreased up to 59%, compared to control. The effects of FHP5% and
BH5% application on Cu reduction in roots were lower and reached 33%, in
comparison to control. Likewise, significantly the lowest concentrations of Pb, Cd, and
Ni in barley grain were found in FHP5%, BH5%, and LN5% treatments, respectively,
and Cu in FHP5% and BH5% treatments only, relative to the control. In this context,
the FHP5%, BH5%, and LN5% treatments were capable of reducing grain Pb
concentrations up to 84%, Cd concentrations by 85%, and Ni concentrations by 77%,
respectively, while Cu concentrations in FHP5% and BH5% treatments decreased by
55% and 51%, respectively, relative to the control.

3.4. Effects of BH, FHP and LN application in SRSL on the agronomic,
biochemical and biophysical parameters of barley

Data related to the productivity of barley i.e. plant height, shoot and root DW, and grain
yield were in the ranges from 73 to 91.9 cm, 2.54-3.41, 1.17-1.56, and 1.84-2.42 g
pot™', respectively, in all treatments (Table 3). Application of BH, FHP, and LN to SRSL
at a double dose (5% each) significantly (P < 0.05) improved plant height and root DW,
compared to control. What is important, the BH5% and LN5% treatments depicted the
utmost productivity in terms of the tallest plants, shoot and root DW of barley that
significantly improved plant heights by 26% and 20%, shoot DW by 34% and 31%, and
root DW by 34% and 24%, respectively, over the plants in control. Significantly, the
highest augmentation in grain yield up to 32%, 27%, 24%, and 24%, respectively, was
reported in BH5%, LN5%, FHP5%, and BH2.5% treatments, compared to control.

In this experiment, the outcome of leaf chlorophyll contents [chlorophyll-a (Chl-a) and
chlorophyll-b (Chl-b)] and RWC were calculated within the extent from 13.2to 17.6 and
8.7-11.2 mg mL™", and 75.5 to 91.1%, respectively (Table 3). All treatments
significantly enhanced Chl-a (except FHP2.5% treatment) and both Chl-b and RWC
(with the exceptions of FHP2.5% and LN2.5% treatments) in the leaves of barley, in
contrast with plants of control. The most apical contents of Chl-a and Chl-b in the
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leaves were computed in BH5%, LN5%, and FHP5% treatments that exhibited
improvement in Chl-a contents by 34%, 29%, and 24% and Chl-b contents by 29%,
26%, and 21%, respectively, over plants in the control treatment. The highest
paramount in RWC values was observed in the plants grown on the soil treated with
BH5%, LN5%, FHP5%, and BH2.5% that improved RWC values up to 21%, 19%, 15%,
and 12%, respectively, compared to the plants in control treatment.

Table 3 The responses of BH, FHP, and LN (at both 2.5% and 5% rates) on the
productivity (plant height, shoot DW, root DW and grain yield), relative water
content (RWC), micronutrients in grain and the contents of chlorophyll of
barley plants grown in SRSL. Mean values are the average of three replicates *
SE. Bars represent standard error (SE) of three replicates. The lower case
alphabetic letters indicate significant differences (P < 0.05) among treatments
based on one way ANOVA (using LSD test, P = 0.05 at df =6 and n = 3).

Relativ

Productivity Chlorophyll Micronutrients in grain

Treat e water
Plant Shoot Root Grain content

ments height DW DW yield Chl-a  Chl-b (RWC) Fe Zn Mn
(cm) (g pot™) (mg mL™") (%) (mg kg™' DW)

Contr 73+2.26d 2.54+0  1.17£0  1.84+0 13.2+0. 8.7+0. 75.542. 35.2+ 16.9+0 15.3£0.4
ol ’ .08e .04d .06d 4le 27d 34d 1.09d 53¢ 7d
BH2.5 80.2+2.4 2960  1.28+0  2.28+0 15.8+0.  10.1+0 84.742. 454+ 2040 17.4+0.5
% 9bed .09¢d .04cd .11ab 49bc 31bc 62abc 1.41c .63a 4ab
BH5 91.9+2.8 34120  1.56£0  2.42+0 17.6£0.  11.3x0 91.1+2. 42.8+ 18.9+0  16.6£0.5
% Sa dla .05a .10a 55a 35a 82a 1.33¢ .59ab labed
FHP2. 75.6+2.3 2.74+0  1.24+0  2.03%0 14.3+0.  9.1%0. 80.3+2. 53.5+ 16.0£0  16.0+0.5
5% 4d .08de .04d .06¢cd 44de 28d 49cd 1.66b .50cd Obed
FHP5 83.7+2.5 3.09+0  1.39+0  2.28+0 16.3+0.  10.5+0 86.7+2. 60.6+ 14.3+0 15.8+0.4
% 9bc .10bc .04bc .07ab Slabc .33ab 69abc 1.88a A44e 9cd
LN2.5 78.4+2.4 2.88+0  1.26£0  2.15%0 14.9£0.  9.4+0. 82.242. 41.7+ 17.5¢0  18.0£0.5
% 3ed .09¢d .04d .07bc 46¢d 29¢d 55bed 1.29¢ .54bc 6a
LN5Y% 87.7+£2.7 3.33+0  1.44+£0  2.32+0 16.9+0.  10.9+0 89.542. 36.3+ 14.9+0  16.9£0.5

¢ 2ab .10ab .04ab .07ab 53ab .34ab 77ab 1.12d 46de 2abc
LSDoo 7.7 0.13 0.28 0.24 7.9 15 0.94 43 1.6 0.72

5

3.5. Effects of BH, FHP and LN application in SRSL on grain biochemistry and
nutritional status

In our experiment, the contents of protein, fat, fiber, and starch in barley grain were
measured in the ranges from 10.3 to 12.8, 1.82-2.24, 1.34-1.79, and 52.6-65.5%,
respectively (Fig. 3). Each treatment significantly enhanced the contents of fiber,
protein, starch, and fat in the grain, in contrast to the control. The obtained data for
BH5%, LN5%, and FHP5% treatments showed high improvement of the protein
content up to 24.7%, 20.6%, and 17.5%; fat up to 22.7.%, 15.7%, and 13.4%; fiber up
to 34.1%, 27.8% and 23.8% and starch up to 24.4%, 20.8% and 16.5% respectively,
compared to the control.

The contents of phytate and polyphenols in barley grain ranged from 11.1 to 16.4 and
5.73-8.17 mg g~' DW (Fig. 3). Incorporation of BH, FHP, and LN (both at 2.5 and 5%
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levels) significantly reduced the contents of phytate, except FHP2.5% treatment in the
case of polyphenol contents, compared to the control treatment. Significantly the most
apical deflation in the grain phytate contents was observed in FHP5% and BH5% by
32.2% and 30.2%, respectively while application of BH5% and LN5% reduced grain
polyphenol content up to 29.9% and 24.7%, compared to the control.

The concentrations of Fe, Mn, and Zn in barley grain ranged from 35.2 to 60.6,
15.3-18.0, and 14.3-20.4 mg kg™' DW, respectively (Table 3). The application of BH,
FHP, and LN into SRSL significantly incremented the concentrations of Fe (except
LN5% treatment), Mn (except BH5%, FHP2.5%, and FHP5% treatments), and Zn
(except FHP2.5% and LN2.5% treatments) in grain, relative to the plants grown on
control soil.
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Figure 3. The contents of protein (A), fat (B), fiber (C), starch (D), phytate (E),
and polyphenols (F) in barley grain after amending SRSL with BH, FHP, and LN
(at both 2.5% and 5% rates). Mean values with standard errors (SE) are the
average of three replicates * SE and the lower case alphabets indicate
significant differences (p < 0.05) among treatments based on one way ANOVA
(using LSD test, p = 0.05 at df =6 and n = 3).
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3.6. Status of oxidative stress and antioxidant defense machinery in barley as
affected by amending SRSL with BH, FHP, and LN

Amending SRSL with BH, FHP and LN (as sole treatments at 2.5% and 5%) distinctly
improved the activities of SOD, CAT, APX, and the concentrations of PL, GSH
(excluding FHP2.5% treatment), and carotenoid (excluding FHP2.5% treatment), while
reduced the generation rate of O2™ and the contents of MDA and H20:2 in leaves of
barley plants, compared to the control (Fig. 4).

Application of BH5% and LN5% treatments showed the most apical activities of CAT
and SOD by 69% and 60%, 77% and 67%, and the concentrations of PL and
carotenoid by 74% and 65%, 49% and 40%, respectively, in leaves of barley plants, in
contrast to control treatment. Likewise, the BH5% treatment reflected the highest
improvement in the activity of APX by 133% and the concentration of GSH by 74%, in
contrast to control. Whereas, the BH5% and LN5% treatments showed the maximum
deflation in the contents of H202 and MDA, and O2~ generation rate in leaves of barley
by 69% and 63% for H202, 66% and 62% for MDA, and 69% and 65% for O27,
respectively, compared to the control plants.
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Figure 4. The activities of SOD (A), CAT (B), APX (C), the concentrations of
GSH (D), H20:2 (E), MDA (F), generation rate of Oz (G), the concentrations of PL
(H) and carotenoids (l) in the leaves of barley after amending SRSL with BH,
FHP, and LN (at both 2.5% and 5% rates). Mean values with standard errors
(SE) are the average of three replicates * SE and the lower case alphabets
indicate significant differences (p < 0.05) among treatments based on one way
ANOVA (using LSD test, p = 0.05 at df = 6 and n = 3).
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4. Discussion

4.1. Soil properties and the contents of HMs in our SRSL in comparison with
other SRSLs

The HMs contamination in the SRSLs is based on spent bullet fragments that vary from
country to country and is dependent on the (i) the size of SR (ii) the extent and
frequency of usage, (iii) type of ammunition used, (iv) soil factors including texture, pH,
organic matter, redox potential and (v) different climatic factors like annual precipitation
and temperature (Rodriguez-Seijo et al., 2016). We found moderate concentrations of
Cd, Cu, Ni, and Pb in our SRSL as compare to the very high concentrations of these
HMs in other SRSLs. Several authors have reported considerable amounts of As, Cu,
Ni, Sb, and Zn in SRSLs, but the presence of Cd, Cu, Ni, and Pb in our SRSL could
be due to the type, quality, and elemental composition of the ammunition used during
the firing activities on this SR (Rodriguez-Seijo et al., 2016). Furthermore, other factors
such as the arid climate (low precipitation and high temperature), high pH, low contents
of organic matter, and soil moisture content at SR are responsible factors for the slow
dissociation/transformation of metallic Pb-bullets into secondary Pb-minerals in
contrast to those shooting ranges with high annual rainfall and organic matter (Ma et
al., 2007; Rodriguez-Seijo et al., 2016).

4.2. Effects of BH, FHP and LN application in SRSL on Pb, Cd, Ni and Cu
concentrations in shoots, roots, and grain of barley and their bioavailable
fractions in post-harvest SRSL

We obtained significantly lower concentrations of Pb, Cd, Ni, and Cu in grain, roots,
and shoots of barley plants in most treatment variants, in compare to control.
Correspondingly, the maximal deflation of HMs concentrations in shoots, grain, and
roots of barley plants and DTPA-extractable fractions in the post-harvested SRSL were
found in variants with FHP5%, BH5% and LN5% which were in the order of
LN5%>BH5%>FHP5% (Fig. 1). This data is in accordance with outcomes of preceding
research where employment of BH, Fe, and phosphate compounds significantly
reduced the bioavailability of HMs in SRSL (Mariussen et al., 2015; Okkenhaug et al.,
2016; Tandy et al., 2017; Seshadri et al., 2017; Sanderson et al., 2018). This can be
explained due to the versatile properties of BH, FHP, and LN to reduce the HMs
bioavailability in the SRSL. Biochar used in our study had high pH and CEC which
contributed to the limited mobility of HMs in SRSL (Table 1). Furthermore, HMs
complexes with carboxyl functional groups of BH, precipitation as phosphate,
carbonates, and hydroxides as well as ion exchange reduced HMs bioavailability in the
SRSL including other metal contaminated soils (Rajapaksha et al., 2015; Khan et al.,
2017; Sanderson et al., 2018; Shahbaz et al., 2018a, b). Similarly, LN has been
extensively used to immobilize HMs in polluted water and soil as it possesses phenolic,
hydroxyl, carbonyl, methoxy, and aldehyde groups responsible for HMs adsorption
(Guo et al., 2008; Li et al., 2018; Wu et al., 2018). Iron compounds can bind HMs in
polluted soils as well as in SRSL through sorption on Fe-oxides (Mariussen et al., 2015;
Rajapaksha et al., 2015; Okkenhaug et al., 2016; Tandy et al., 2017; Vitkova et al.,
2018). Furthermore, phosphate amendments initiate HMs immobilization in SRSL via
forming metal phosphate complexes (Cao et al.,, 2008; Fayiga and Saha, 2016;
Seshadri et al., 2017; Sanderson et al., 2018). Lead was the most abundant HM found
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in our SRSL (Table 1). It has been reported that the addition of phosphate compounds
convert Pb into insoluble compounds of Pb i.e. litharge (PbO), cerussite (PbCOs), and
hydroxypyromorphite [Pbs(PO4)sOH] (Cao et al., 2008; Fayiga and Saha, 2016;
Seshadri et al., 2017; Sanderson et al., 2018). However, the application of phosphate
amendments have reported mobilizing the As and Sb in the SRSLs (Griggs et al., 2011;
Karczewska et al., 2013), but As and Sb were not detected in our SRSL (Table 1). This
was mainly due to the slow weathering of bullets in our SRSL (Cao et al., 2003).

4.3. Activities of soil enzymes in SRSL after amending with BH, FHP, and LN

High concentrations of Pb, Cd, Cu, and Zn in the soil negatively influence the activities
of catalase, dehydrogenase, and urease (Yang et al., 2016). In this experiment, all
treatments (with few exceptions) significantly boosted phosphomonoesterase, urease,
B-glucosidase, catalase, and acid phosphatase activities, in contrast to the control
treatment. Nonetheless, the highest activities of all of these enzymes were found in
BH5% while, phosphomonoesterase and acid phosphatase in LN5% treatment as well,
compared to the control treatment (Fig. 2). Phosphatase is a vital enzyme involved in
the mineralization of organic P (Spiers and McGill, 1979). The transformation of
nitrogen is supported by the existence of BH which activates the urease enzyme via
reduced metal bioavailability with BH (Yang et al., 2016). In addition, most of the sail
enzymes such as dehydrogenase and urease have high binding energy in complexes
of BH with Fe onto their surfaces and thereby expanded the lifetime of B-glucosidase.
Our data are in agreement with the findings of Yang et al. (2016). and Khan et al.
(2017) who also have illustrated the efficient role of BH for enhancing enzymatic
activities in the soils polluted with toxic HMs. Besides BH, a biopolymer i.e. lignin
sustains soil aggregates through binding of soil particles and thereby promotes soil
structure (Awad et al., 2013). Overall, the improvement in the soil enzymes activities
in our SRSL could be due to the (i) provision of essential nutrients and suitable habitat
for microbes by BH applications (Jaiswal et al., 2018), (ii) alleviation of Pb, Cd, Cu, and
Ni toxicity to the microbes after these HMs were immobilized on both BH and LN (Yang
et al., 2016; Wu et al., 2018), thereby augmented the activities of enzymes produced
by them (Yang et al., 2016; Khan et al., 2017).

4.4. Effects of BH, FHP and LN application in SRSL on the agronomic,
biochemical and biophysical parameters of barley

In this experiment, we acquired noticeable augmentation, with few exceptions, in
overall productivity (plant height, shoot DW, root DW, and grain yield), chlorophyll
potential (Chl-a and Chl-b), and RWC of the plant (Table 3) in barley plants grown on
SRSL amended with BH, LN and FHP, compared to control. Interestingly, excellent
data associated with these traits were found in the plants of BH5% and LN5%
treatments than FHP5% treatment. Several studies have already confirmed a
significant decline in productivity, chlorophyll potential, and RWC in different plants
(Khan et al., 2017; Shahbaz et al., 2018a, b; Tauqeer et al., 2019) against HMs stress.
Amending soil with BH and LN improves soil health via enhancing soil water retention
capacity, CEC, pH, and supply of essential nutrients to plants (Khan et al., 2017; Li et
al., 2018), thereby enhancing the biomass and chlorophyll potential of barley. Likewise,
enhanced productivity, chlorophyll potential and RWC of barley could also be attributed

to the alleviation of HMs toxicity to plants due to reduction in HMs bioavailability in
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SRSL after the addition of BH, LN and Fe, and phosphate compounds (Cao et al.,
2008; Mariussen et al., 2015; Okkenhaug et al., 2016; Fayiga and Saha, 2016;
Seshadri et al., 2017; Sanderson et al., 2018).

4.5. Effects of BH, FHP and LN application in SRSL on grain biochemistry and
nutritional status

The application of BH, LN and FHP at both doses (2.5% and 5%) significantly improved
(with few exceptions) biochemistry (such as fat, protein, fiber, and starch) (Fig. 3) and
micro-nutrients status (Mn, Zn and Fe) (Table. 3) in the grain of barely. The outcomes
of our study are in agreement with the findings of preceding research where the
incorporation of BH into HMs affected soils alleviated HM toxicity to red clover, spinach,
maize, sunflower, and wheat, and thereby improved their biochemical and nutritional
status (Khan et al., 2017; Shahbaz et al., 2018a, b; Shahbaz et al., 2019). Alleviation
of HMs toxicity to barley plants grown on SRSL could be due to reduction in HMs
bioavailability via HMs precipitation on amendments, the formation of HMs oxides,
HMs phosphate complexes, and insoluble compounds upon the incorporation of FHP,
BH, and LN in SRSL (Cao et al., 2008; Mariussen et al., 2015; Rajapaksha et al., 2015;
Okkenhaug et al., 2016; Fayiga and Saha, 2016; Tandy et al., 2017; Seshadri et al.,
2017; Sanderson et al., 2018). Moreover, the mixing of BH in the soil could upgrade
the fertility of the soil by increasing water retention and supplying vital nutrients to the
plants (Khan et al., 2017). Similarly, the application of FHP in SRSL also supplies Fe
and P to the plants, thereby increasing the concentrations of Fe in barley grain at both
FHP2.5% and FHP5% treatments (Table 3). Therefore, both BH and FHP in SRSL
improved the biochemistry and nutritional status of grain.

4.6. Status of oxidative stress and antioxidant defense machinery in barley as
affected by amending SRSL with BH, FHP, and LN

Our results proved that all treatments promisingly promoted carotenoid (except
FHP2.5% treatment), SOD, CAT, APX, GSH, and PL, while diminishing the contents
of MDA, H202, and O2" in barley leaves over their corresponding controls. However,
outstanding findings were observed in BH5% and LN5% treatments (Fig. 4). Declined
activities of antioxidants and elevated contents of ROS in barley upon exposure to Pb,
Cd, Cu, and Ni have been previously reported (Juknys et al., 2012). Metal stress to
plants disturbs different functions of cells by overproducing ROS and destroying
nucleic acids, lipid peroxidation, and oxidizing proteins (Shahbaz et al., 2018a, b).
Moreover, the application of LN and BH limits HMs stress to plants by reducing their
bioavailability in polluted soil via complexation, physical sorption, and precipitation on
them (Li et al., 2018; Shahbaz et al., 2018a, b). The resistance against HMs toxicity in
barley grown on BH and LN treatments could be attributed to the scavenging of ROS
after the antioxidant defense machinery was improved (Khan et al., 2017; Shahbaz et
al., 2018a, b).

5. Conclusions

1. Application of FHP, LN, and BH reduced HMs concentrations in SRSL and plant
tissues.
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2. The content of biochemical parameters and Mn, Zn, and Fe status in plants
were higher in variants where FHP, BH, and LN were used. However, finer results were
found in plants with a 5% amendment dose.

3. Soils amended with BH, FHP, and LN showed higher activities of soil enzymes,
where the best effects were found in soil with BH5% treatment.

4. The application of LN and BH limits HMs stress to plants so can be used as an
effective soil amendment for this purpose.

5. Overall, we recommend further research involving engineered amendments that
can

rehabilitate degraded SRSLs for safer food production and trigger HMs concentrations
below critical limits in edible parts.
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Farkli Zambak (lilium spp.) Tiirlerinde in Vitro Sogan Uretimi

_ Gilem Baran', Seyda Cavusgoglu?, Solmaz Najafi’
1Van Yuzincii Yil Universitesi, Fen Bilimleri Enstitiisii, Bahge Bitkileri Anabilim Dali, Van,
Tiirkiye
2Van Yiiziinci Yil U__niversitesi, Ziraat Fakiiltesi, Bahge Bitkileri Boliimii, Van, Tiirkiye
3 Van Yizinci Yil Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Béliimii, Van, Tiirkiye
berzanberkay@gmail.com, scavusoglu@yyu.edu.tr, solmaznajafi.agri@gmail.com

Ozet: Tirkiye genetik gesitliliginde énemli bir yere sahip olan ve geofit olarak
taninan soganli bitkiler, icermis olduklari metabolitler ve sahip olduklar gizel
ciceklerden dolayi parfimeri, farmakoloji ve sus bitkisi olarak kullaniimaktadir. Bu
calismada soganl bir bitki olan Zambak (Lilium spp.)'ta in vitro mikrogogaltim
yapilmistir. L. helvetia, L. corcovado, L. candidum tirlerine ve Lake carey ¢esidine
ait eksplantlar (sodan, gdévde, yaprak ayasi ve bogum) farkli bitki bluyime
dizenleyicisi igceren BAP (0.25, 0.50, 1 mg/l), NAA (0.25, 0.50, 1 mg/l) ve TDZ
(0.25, 0.50, 1 mg/l) iceren MS (Murashige ve Skoog) besin ortaminda kuiltiire
alinmistir. Cogaltilan bitkilerde slirglin sayisi, slirglin uzunlugu ve rejenerasyon
yuzdesi incelenmistir. En ylksek slirgln sayisi, slirgiin uzunlugu ve rejenerasyon
yuzdesi 1 mg/l BAP+0.50 mg/l NAA+0.25 mg/l TDZ igceren MS ortamindan elde
edilmistir. Elde edilen surgunler Y2 MS ortaminda koklendirilmigtir.

Anahtar Kelimeler: Bitki buyumeyi duzenleyiciler, In vitro, Lilium spp.,
Rejenerasyon, Zambak

1. Giris

Sus bitkileri, tibbi ozellikleri yaninda gorunus, koku ve estetik agidan insanlarin
kendilerini iyi hissettirmelerinin yani sira agir yagsam stresini ortadan kaldirmada énemli
bir etkiye sahiptirler. Sus bitkileri yaygin olarak kullanim amaclarina gore, kesme
cicekler, saksili sus bitkileri, tasarim sls bitkileri ve dogal gicek soganlari olarak
siniflandinimaktadir (Anonim, 2011). Sus bitkileri sektori gegmisten gunumuze kadar
hizla artan bir ivme kazanmis, dlinyada sus bitkileri Gretiminin artmasiyla birlikte bu
sektorde rekabette artislar meydana gelmistir. DUnyada kesme ¢icek uretimi ve satigi
acisindan ABD, Japonya, italya, Hollanda’nin yani sira Latin Amerika ve Afrika’da son
zamanlarda iklim kosullarinin uygunlugu ve ucuz isgucu sayesinde Kolombiya,
Ekvator, Etiyopya ve Kenya On siralara yerlesmistir. Dinyada buyldk bir kismini
Asya/Pasifik kitasinda yetistiriimesinin yani sira kesme ¢igek ve saksih bitkiler Gretimi
toplam 650.000 hektarlik bir alanda yapilmaktadir (AIPH, 2020). Dinyada ve
ulkemizde sus bitkilerine olan talebin artmasi tarim sektérune 6nemli bir katma deger
saglamaktadir.TUrkiye suUs bitkileri bakimindan zengin bir gesitlilik, uygun ekolojik
kogullar talebin fazla oldugu dis Ulkelere yakinlik ve duguk isgucu maliyeti gibi
avantajlara sahiptir. Turkiye’de sus bitkileri Gretiminin dnemli bir kismi 50.089 dekar
alanda izmir, Sakarya, Antalya, Yalova ve Bursa illerinde yapiimaktadir (FAO, 2017).
ihracat agisindan sis bitkileri Gretimimizde dnceki yillara kiyasla artis gézlenmektedir.
Dogada kendiliginden yetisen cgicek soganlari, toprak Ustu aksanlari buyume evresini
tamamlandiktan sonra toprak altinda bulunan depo organlari sogan sekline
yasamlarini surdirmeye devam etmektedir. Soganli bitkiler grubunda yer alan
zambak, sogan yapisiyla diger sus bitkilerinden ayrilmaktadir. Balik pullarini andiran
soganin besin deposu yapraklaridir. Zambak soganinda 50 adet civarinda pul
bulunmaktadir. Soganin en i¢ kisminda yer alan pulun alt kisminda meristemler
bulunmaktadir. Zambak sogani topraga ekildigi zaman oncelikle kdk kismi geligir, daha
sonra toprak Ustu aksamlari gelismektedir. Soganin orta noktasindan cgigek sapi ¢ikar.
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Zambak gicek sapinin goruntl kalitesi agisindan dik bir yapida olmasi istenir. Zambak
turd icerisinde istisnalar hari¢g genel olarak gigek sapi 45-50 cm olmaktadir. Yaprak
yapisi morfolojisi tlrlere gore degiskenlik gosterebilmekte olup genel olarak ince, uzun,
uc kisimlari sivri, yukari dogru kugulen bir yapiya sahiptir. Zambak bitkisinin her bir
cicek sapi ug noktasinda gigek olusur. Cicekler sap Uzerinde 1-15 adet ve 18-30 cm
¢ap uzunlugunda, borazan seklinde olmaktadir. Cigekleri Uc¢li c¢anak yapraklar
yapisindadir. Disi organ ile erkek organ boyu aynidir (Anonim, 2007). Zambak
dunyada ¢ok az ulkede kesme ¢igek, zambak yagi, parfUm sanayi, boya sanayi, gida
endustrisi, kozmetik sanayi ve dogrudan yetistiricilie yonelik sogan satimi igin
uretilmektedir. Duzenli ve dogru uygulamalarin yapildigi ulkelerde dogrudan énemli bir
ekonomik gelir kaynagi ve istihdam kaynagi olmaktadir. Geleneksel yontemler
¢ogaltimda hastalik yayihiminin uretim materyaline zarar vermesi, uretim hizi ve
¢ogaltma miktarinin disik olmasindan dolayi soganli sis bitkilerinde in vitro gogaltim
yontemleri tercih edilmektedir (Debergh, 1994). Zambakta doku kultard Uretim
uygulamalari 1950’li yillardan beri yapilmakta olup, zambak UGretimi i¢cin doku kualttrG
protokollerinin geligtiriimesi, uyusmazliklar ve déllenme engellerinin 6nine gegmek igin
birgok arastirma yapiimistir (Emsweller ve ark., 1948; Robb, 1957; Stebbins, 1958;
Sheridan, 1968; Simmonds ve Cumming, 1976; Stimart ve Ascher, 1978; Van Tuyl ve
ark., 1988; Van Tuyl ve ark., 1991; Pelkonen, 2005).

In vitro teknikler vejetatif codaltma tekniginde basarili sonug¢ elde edilemeyen birgok
bitki tlrG icin kullanilan yéntemdir. Soganli bitkilerin Gretimini yapmak, ¢ok sayida
hastaliktan ari ve yuksek kalitede bitki tiriine uygun sartlari sagladigi i¢cin dogal cicek
soganlarini ¢ogaltma yoéntemleri arasinda tercih edilen bir yontemdir (Rees, 1992;
Babaoglu ve ark., 2002; Zencirkiran, 2002; Capan, 2006). Bu yontem ile meristem,
embriyo, protoplast ve anter kulturi yontemleri ile laboratuvar ortamlarinda steril
kosullar saglanarak i1slah ¢alismalarinda bitki eksplantlarindan yeni gesit Uretmek, var
olan bitki varyasyonlarindan genetik degiskenlik elde etmek, hastaliktan arinmig, yeni
bitki dokusu olugsmasini saglamak, bitkilerin hizli Gretimini saglayip erkenci Urin elde
etmek, generatif Uretimi zor olan turleri ¢cogaltmak, yok olma tehlikesi altinda olan
turlerin devamhligini saglamak, muhafaza ve depo omrunu artirmak, bitkinin hem
ulusal hem de uluslararasi tasimaciligini kolaylastirmak ve tabii bitkiler elde etme
amaglanir (Gurel ve ark., 2013; Ozzambak, 2015).

Yapilan doku kultira ¢calismalarinda hormon eklenmemis MS (Murashige ve Skoog,
1962) ortamlarinda eksplantlarda gelisim gézlenmez iken farkli buyimeyi dizenleyici
madde (BDM) konsantrasyolarinin uygulandigi ortamlarda eksplantlarda geligim
g6zlenmistir. Genellikle oksin grubunda yer alan NAA (naftelen asetik asit), sitokinin
grubunda ise BAP (benzilaminopurin) degisik konsantrasyonlarda kullaniimaktadir.
Oksinler, hucrelerin uzamasini ve bdlinmesini arttirarak buyumeyi tesvik eder,
sitokinler ise hiucre bolinmesini baslatan hormonlardir (Cetin, 2002; Greene, 2006;
Baktir, 2010). Yapilan bir galismada blyime duzenleyici olarak 1 mg/l BAP ve 1mg/l
NAA konsantrasyonlari kullanilan ortamlarda en iyi sonug¢ alindigi belirtiimistir
(Karaoglu, 2004). Rejenerasyon yetenegdi ve in vitro’da bitkicik blylimesini etkileyen
faktorlerin incelendigi bir galismada, rejenere surgin sayisinin 0.5 mg\l TDZ ve 309\l
seker ile desteklenmis MS ortaminda en yuksek oldugu; kok sayisinin 0.2 mg\l NAA
ve 30 g\l seker ile desteklenmigs MS ortaminda en yuksek oldugu; sogan ¢apinin 0.2
mg\l NAA ve 30 g\l seker ile desteklenmis MS ortaminda en kalin oldugu gorulmustar
(Nhut ve ark., 2006).
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Bu calismanin amaci zambaklarda, doku kultart teknigi ile steril ortamda Uretimin
optimal duzeyde olmasini saglamak, mevsimsel degisiklerin etkisi olmadan her
mevsim Uretimini saglamak, zambaklarda hastaliktan ari ve homojen bitkiler elde
etmek, digsa bagimhligi en aza indirgemek, ekonomik gelir saglamak ve yeni bir
istihdam kaynagi i¢in zemin hazirlamaktir.

2. Materyal ve Yontem
2.1. Materyal

Bitki materyali olarak c¢alismada kullanilan Lilium cinsinin Lilium helvetia, Lilium
corcovado, Lilium candidum turleri ile Lake carey ¢esidine ait soganlar Konya ilinde
bulunan Asya lale sirketinden, kesme cicekleri ise Yalova ilinden temin edilmistir.

2.2. Yontem
2.2.1. Kultiur ortami ve kosullar

Denemelerde MS mineral tuz ve vitaminleri (Murashige ve Skoog 1962; Cizelge 3.1)
ile %3 sukroz iceren ve %0.8'lik (type A, Sigma) veya % 0.6-0.65'lik agar (Duchefa) ile
katilastirilan temel besin ortami (MS) kullaniimigtir (Cizelge 2.1, Sekil 2.1).

Ortam hazirhiginda cift distile saf su kullaniimig, gereken durumlarda besin ortamina
farkli konsantrasyonlarda bitki blyuime duzenleyicileri (sitokinin ve oksin) ilave
edilmistir. Besin ortaminin pH's1 1N NaOH ve 1N HCI kullanilarak 5.7'e ayarlandiktan
sonra 1.4 kg/cm2 basing altinda ve 121°C 'de 20 dk tutularak sterilizasyon
saglanmistir. Tum kalturler beyaz floresan is1g1 (15000 LUks) altinda 16 saat 1s1k ve 8
saat karanlik fotoperiyodunda 24+1°C sicaklikta inkiibe edilmistir. Zambak yaprak,
govde ve bogum eksplantlari petri kaplarinda BAP (0.25, 0.50, 1 mg/l), NAA (0.25,
0.50, 1 mg/l) ve TDZ (0.25, 0.50, 1 mg/l) iceren MS besin ortamina kultire alinmigtir.

Cizelge 2.1. MS (Murashige ve Skoog, 1962) ortaminda bulunan besin
maddeleri ve oranlari

Ortamda Bulunan Maddeler Konsantrasyonu (mg/l)
NH4NOs3 1650.0
Makro Elementler KNO3 1900.0
CaCl22H20 440.0
MgSO47H20 370.0
KH2PO4 170.0
Kl 0.83
Mikro Elementler H3BO3 6.20
MnSO44H20 22.30
ZnS04.7H20 8.60
Mikro Elementler Naz2Mo004.2H20 0.25
CuS045H20 0.025
CoCl26H20 0.025
Mikro Elementler FeS04.7H20 27.85
Na2EDTA.2H20 37.25
Myo-Inositol 100.0
Nicotinic Acid 0.50
Vitaminler Pyrotinic Acid 0.50
Thiamine-HCI 0.10
Glycine 2.0
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2.2.2. Bitki Buyume Duzenleyicilerinin Kullanimi

Calismada kullanilan kimyasal maddeler Duchefa (Hollanda) ve Merck' dan temin
edilmigtir. Buyumeyi duzenleyiciler uygun ¢ozuculerde ¢ozuldukten sonra standart
sekilde istenilen miktar ve oranda stok solusyonlari hazirlanmigtir (Cizelge 2.2).
Hazirlanan stok solusyonlarin +4°C'de saklanmistir.

Sekil 2.1. Kultur ortami

Cizelge 2.2. Kullanilan buyumeyi diizenleyicilerin ¢ézuculeri, saklama kosullari
ve sterilizasyon yontemleri

Blyume Duzenleyiciler Cozucl Saklama Sterilizasyon Sekli
Kosullari
(®)

NAA 1N NaOH +4 Otoklavlanarak

IBA 1N NaOH +4

SITOKININLER

BAP 1N NaOH +4 Otoklavlanarak

TDZ (thidiazuron) Ethanol/DMSO +4 Filtre sterilizasyonuyla

2.2.3. In vitro’da ylizey sterilizasyonu

In vitro galigmalardaki ilk agama yuzey sterilizasyonudur. Bu ¢alismada bitki materyali
olarak Lilium spp. yaprak, sogan, yaprak ayasi ve bogum eksplantlari kullanildigindan
yuzey sterilizasyonunda ylksek doz ve sure tercih edilmigtir. Eksplantlar Gzerindeki
kalintilarin uzaklastiriimasi amaciyla ilk 6nce 30-45 dk akan gesme suyunun altinda
antibakteriyal sivi sabun ilave edilerek tutulup daha sonra 1 dk %70’lik etanolde
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