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ELECTROMAGNETIC COMPATIBILITY (EMC) SIMULATION AND APPLICATION IN
AUTOMOTIVE ELECTRONICS

Alperen YAZAR! and Metin HUNER?
1 Istanbul Technical University, Istanbul/Turkey, yazar20@itu.edu.tr

2 Istanbul Technical University, Istanbul/Turkey, metinhuner@itu.edu.tr

Abstract - To ensure electromagnetic compatibility in automotive electronics, some standards and design methods should be considered
during design. One of these standards is UNECE R10 which defines conducted and radiated emissions. In this study, a power supply was
designed and simulated that meets the conducted emission standards by UNECE R10 with CISPR 25.

Keywords: EMC, EMI, LTspice, Automotive electronics, Artificial network (AN), Conducted emissions, Noise, CISPR 25.

l. INTRODUCTION

MC is the ability of an electronic component to operate successfully in the electromagnetic field and not affect other

systems or components. A system can be affected from environment via radiated or conducted emissions. UNECE R10
is the international standard which defines the maximum emission limits for conducted and radiated emissions. Radiated
emissions are measured by high frequency range antennas and spectrum analyzer in shielded rooms. So, radiated emissions
cannot be simulated by LTspice. Unlike that, conducted emissions are measured by AN (Artificial Network) and spectrum
analyzer. Therefore, using AN model, conducted emissions can be estimated by LTspice. AN model for UNECE R10 is shown
in Figure 1 according to the UN Regulation No. 10 [1].

L4
Sp c12
100n
c10 = T Vanalyzer
1 R6 RS
1k < 50
- - *
R7 R9
c11 1k . l 50
L Vanalyzer2
1 c13
L5 100n
5p

Figure 1: AN model

In a system, there may number of components such as electronic control unit (ECU), advanced driver assistance systems
(ADAS), human media interface (HMI), battery management systems (BMS). All these components are supplied by low
voltage battery which is 12V or 24V in automotive. So, whole components are connected via power supply line. Every single
component should work properly.

Conducted emissions are the noise which is generated by a component to power supply line. Conducted emissions can be

defined as differential-mode noise and common-mode noise. In differential-mode noise, noise current and current from main
power supply line have same path. Differential-mode noise current path is shown in Figure 2.
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pr—

Figure 2: Differential-mode noise current path

Common-mode noise is generated by leakage current on stray capacitances or isolated grounded systems. Such ash, low
voltage is used in automotive generally. With low voltage battery, hybrid vehicle or electric vehicle (EV) has high voltage
batteries. So, high voltage batteries have different grounding. These high voltage and low voltage grounds are connected via
stray capacitors. Common-mode noise current path is shown in Figure 3.

 —

Figure 3: Common-mode noise current path

Conducted emissions are measured by AN and spectrum analyzer. Test environment is shown in Figure 4.

= R =

-

Figure 4: Conducted emissions test environment

In this work, a power supply of an electronic control unit (ECU) was designed and simulated to observe
conducted emissions (differential-mode and common-mode noises) via LTspice.

Il. Literature

EMI specifications are defined for different fields. According to the UNECE R10, CISPR 25 can be defined
main EMI standards for automotive. Main electronic components which are existed in an automotive must comply
with the CISPR 25 standards [2]. To test CISPR 25, shielded room is needed but there are some ways to estimate
the results such as LTspice and MW Studio. [3]. Unlike CISPR 25, CISPR 22 covers the multimedia equipment
which are used as external systems in the automotive [2].

To estimate common-mode and differential-mode noises, AN model can be considered as a resistor. So,
equivalent circuit can be built with resistors [4]. Despite this approach, real AN model can be built with low-pass
filters [5].

11
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Common-mode and differential-mode noises can be reduced by using some filters. These filters have inductor
and capacitors basically to block noises from DC-DC converter to main power supply line. To analyze attenuation
level, current and voltage methods can be used. Current method is more efficient way because it has not source
impedance. So, noise can be simulated as current source [6].

I11. Design and simulation method

In automotive electronics, every single component should be AEC-Q (Automotive Electronics Council) qualified. AEC-Q
qualified component ensure the work properly in stressed environments such as high temperature range and vibration. So,
designed power supply has AEC-Q qualified active and passive components. Electronic control units have different modules
such as power supply module, communication module, microcontroller module, input-output module etc. Generally, input
voltage of all sub-modules is 5V. So, power supply module has a switch-mode power supply which generates 5V from battery
voltage. For this work, LT8640A from Analog Devices is used [7]. It is a step-down converter with high-efficiency and ultra-
low EMI (Electromagnetic Interference) emissions, and it can provide 5A from 5V output to microcontroller and others.
Switching frequency also is adjustable. To use similar inductance, switching frequency is set to 1MHz via Rt resistance. Also,
all passive components have not basic spice-models due to get realistic results. Capacitors and inductors are modelled with
parasitic. To get 250mA from output, 20Q load resistance is used. Also, electromagnetic compatibility tests are observed in
continuous mode due to avoid start-up noises.

To observe differential-mode and common-mode emissions, “Vanalyzer” and “Vanalyzer2” nets are transformed from time
domain to frequency domain via FFT analysis. LTspice FFT analysis has range with dBV scale but CISPR 25 defines the
limits with dBuV. So, this conversation is actualized as in (1).

1dBV = 120dBpV 1)

Differential-mode calculations are simulated with formula which shown as in (2).

_ V(Vanalyzer) —V(Vanalyzer2)

2
vdm > (2)
Common-mode calculations are simulated with formula which shown as in (3).
V(Vanalyzer) + V(Vanalyzer2
Vem = ( yzer) + V( yzer2) 3)

2

IVV. Simulations and filter design
Typical application schematic of LT8640A with AN model is designed in LTspice as shown in Figure 5.

12
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LT8640A L1 _ vour
PG sw
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7
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Figure 5: Typical application schematic with AN model

Differential-mode (red trace) and common-mode noises (blue trace) are simulated in frequency domain which shown in
Figure 6. CISPR 25 limits are also shown as grey trace.

(¥{Vamalyzer) s Vanatyees2])* 300088 Vitanalyres vanalyees?)soommn

T

Figure 6: Differential-mode and common-mode noises of typical application schematic

As shown, differential-mode and common-mode noises exceed the limits around 1MHz which is switching frequency. In
power supply systems, to prevent exceeding of the limits, common-mode chokes and LC low-pass filters are used. Common-
mode choke is based on two coupled inductors [8]. In this system, common-mode noise is not detected. So, LC low-pass filter
must be designed to block differential-mode noise.

To find attenuation rate, input of power supply can be simulated as current source and AN can be simulated as 100Q
basically [6]. Simulation schematic is shown in Figure 7.

’ N PWL file=LT8640.txt \
~R1 '
~100R T
I

.tran 0 1m O startup

Figure 7: Simulation schematic for FFT analysis

Noise levels can be estimated on frequency domain via FFT analysis. FFT analysis (red trace) shows the frequency levels

13
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which exceed the limits (grey trace). Simulation results are shown in Figure 8.

a1 m0000

Figure 8: FFT analysis for differential-mode noise

To decrease differential-mode noise, second order LC filter can be used. According to the CISPR 25 current probe method
Class 5 section, limit is 26dBuA. Unfortunately, power supply has 100dBuA noise level at 1MHz. So, the attenuation rate
should be around 80dBuA.

Second order low-pass filters have -40dB/dec attenuation rate [9]. Second order low-pass filter should be designed to get -
80dB/dec attenuation rate at 1LMHz according to the Figure 9.

—
0 [-3dB roll-off
|
-20 |—| -6dB roll-off F — -20dB/Decade
_ T = ‘/ I | =
S -40 e
< | -40dB/Decade T"
G0 . "
80 =

Log(f/faze)
Figure 9: Attenuation graph for low-pass filters [9]

The formula shown in (4) can be used to find the cut-off frequency of the low-pass filter.

log (1@ =2 4)

During selecting inductor, current limits, power loss and impedance should be considered. LC filter values can be calculated
following formula (5). So, cut-off frequency should be around 10kHz.

f3dB Q)

1
" 20 (L0)

In general applications, inductance may be selected as 10uH. So, capacitor value can be calculated via formula which is
shown in (6) [6].

£3dB =10.73kHz (6)

1 1
2nJ(LC) 2m/(10uH * 22pF)

Same typical application schematic is re-simulated with LC low-pass filter. Typical application schematic with LC low-
pass filter is shown in Figure 10.

14
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Figure 10: Typical application schematic with AN model and LC low-pass filter

LC low-pass filter should be placed to power supply line. Because, for all components connected to the main power supply
line to continue to operate properly, differential mode noise from the step-down converter must be filtered.

Differential-mode (red trace) and common-mode noises (blue trace) are re-simulated with LC low-pass filter in frequency
domain which shown in Figure 11. CISPR 25 limits also shown as grey trace.

R —————

Figure 11: Differential-mode and common-mode noises of typical application schematic with LC low-pass filter

V. Conclusion

During the DC-DC converter design, EMC standards and design methods should be considered. In this work, a step-down
convertor for automotive grade technology equipment was simulated and designed. Common-mode and differential-mode
noises are estimated via LTspice using AN model.

Exceeding the conducted emission limits is suppressed by the second-order LC low-pass filter design.
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SUSTAINABILITY OF HOUSEHOLD WATER TREATMENT METHODS FOR ARSENIC
REMOVAL IN AFGHANISTAN (CASE STUDY)

Abdul Wahed Ahmadi*, Mehmet EminArgun?: Ajit P. Annachhatre®

1&2 Konya Technical University, Faculty of Engineering and Natural Sciences, Environmental Engineering
Department, Konya, Turkey

3Asian Institute of Technology (AIT), Department of Energy, Environment and Climate Change,
Pathum Bangkok, Thailand

Abstract

Arsenic contamination in groundwater is an huge risk and big problem on a global scale in the
many countries. Over fifty million people in more than seventy countries are affected by arsenic pollution
in drinking water. The main sources of arsenic contamination in groundwater are considered to be
anthropogenic, gelogenic (geothermal) and biogenic. Therefore, as groundwater is one of the main
important drinking water sources in Afghanistan and it is highly susceptible to be contaminated by any
of these sources, the need for suitable and sustainable water filtration and treatment technologies for
arsenic removal is sensed. Currently, 78% of the population relies on groundwater which is mainly being
taken using household tub wells in order to access safe drinking water. Recently, the high level of arsenic
contamination of groundwater in Afghanistan becomes a critical problem. According to a study on water
quality in Afghanistan, 459 out of 746 water point samples showed high level of arsenic contamination
(around 61%) and it exceeds the World Health Organization (WHO) standard. The main goal of this
research study is the comparative evolution of the current arsenic removal technologies and methods in
developing countries such as Afghanistan. Additionally, it is critically review the current state of arsenic
contamination of groundwater in Afghanistan in order to suggest sustainable household arsenic removal
methods. For this purpose, the three most popular household arsenic removal technologies such as Sono
Sand Filter, Kanchan Arsenic Removal and Arsenic Bio Sand Filter already tested in a study area
(Nawalparasi district of Nepal). Based on the tests, samples analysis report and assessment of existing
household arsenic removal technologies; it has been shown that the Arsenic Bio Sand Filter (ABSF) is
the most effective method. In this method removal of arsenic is done with an effectiveness of 95 %.
Additionally, the method is very effective for removal the pathogens, bacteria, iron, and turbidity
reduction. Finally, the outcome of this study will assists the authorities and decision makers to develop
some mitigation policies for controlling potential contamination of arsenic in the groundwater, which
will lead to improve the public health by reducing arsenic related diseases.

Keyword: Arsenic, Contamination, Household, Groundwater.
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Introduction

Arsenic pollution in groundwater has been recognized as a global problem since 1990 and over
150 million people in more than seventy countries worldwide are affected by arsenic poisoning drinking
water. For example, in Bangladesh over thirty million people and in India over twenty million people,
are at risk ). Therefore, as groundwater is one of the main important drinking water
sources in Afghanistan and it is highly susceptible to be contaminated by any of these sources, the need
for sustainable water filtration and technology for arsenic treatment is sensed. Currently, 78% of the
population relies on groundwater, which is mainly being taken using household tub wells in order to
access safe drinking water. Recently, the high levels of arsenic contamination of groundwater in
Afghanistan become a critical problem. According to a study on water quality in Afghanistan, 459 out of
746 water point samples showed high level of arsenic contamination (around 61%) and it exceeds the
World Health Organization (WHQO) standard. In addition, arsenic pollution and it's problem in
groundwater is natural and geological origin in different cities of Afghanistan.

According to Rahman 2009, Afghanistan is a landlocked country in the Central Asia and it has
a population of 32.5 million, with 79 % of the population living in rural areas and the 42 % of its
population in rural area and 78 % in urban area access to improved safe drinking water sources and
arsenic contamination of groundwater in Afghanistan is a problem of existing groundwater especially
drinking water and water supply systems where people have been using groundwater such as wells
water sources. However, the contamination of arsenic is also the main environmental health
management problem particularly in Panjshir, Ghazni, Logher, Parwan Midanwardek, Farah, Kabul,
Maymamna and Jalal abad provinces in Water, Sanitation and Hygiene Monitoring “WASH” sector.
The arsenic contaminated groundwater in Afghanistan mostly have been used for domestic purpose
such as drinking can cause adverse effect on human health at the study area. According to a study about
the water quality in different provinces of Afghanistan with “746” samples from DWPs” drinking water
points” it has been carried in the district of Ghazni province “Khawja Omari district” it is in the center
of Ghazni and also in another region such as Jaghato district of the Miydan Wardak province, the results
shows that level of arsenic concentration in groundwater at the study areas 61% of DWPs samples
exceeded then the value of the “WHO” guideline of 10 ppb of arsenic and 38% of analyzed water
samples exceeded the Afghanistan drinking water quality standard “ADWQS” of 50 ppb
). However, mostly the Afghanistan's drinking water resources for domestic purpose
and for agricultural are as follows: Groundwater (wells ,shallow wells and depth wells ,springs) 78 %,
Surface Water 18 % (lakes, rivers and canals) and other 4 % rainy water snow, hail and etc

Ghazni and Midanwardek provinces are the best example as many sources of arsenic
contamination in groundwater. There are annually a lot of diseases including cancer and skin diseases
happening on people in Afghanistan due to the high range of arsenic contamination in groundwater.
Arsenic is now evident that in groundwater is a problem around the world because several regions in the
world are above the WHO’s maximum permissible. Increasing the level of arsenic in groundwater have
been related to human health diseases and mortality from drinking water consumption. Therefore,
Arsenic is carcinogenic metal which can impacts the major organs such as urinary tract, kidneys and liver

)-

Usually, 78% of the Afghan people for their household using groundwater from shallow wells for
domestic purpose specially for drinking and each family has at least a shallow well with depth of 3 to 15
meter in their yards. Since the groundwater is one of the main and important sources of drinking water
in Afghanistan so it is susceptible to these contaminations and problems. Groundwater pollution with
arsenic occurs when man-made products and activities become unsafe and unfit for human use and it
really can effect on human health. The source arsenic pollution and contamination of groundwater in
Afghanistan is natural, geological and human activities.
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Furthermore, arsenic contamination of the groundwater in Afghanistan is also a serious problem;
the major problem is most severe in the many regions especially in Ghazni province

According to a study on water quality in different cities of Afghanistan such as Ghazni, Panjshir
and Midanwardek, the result from 1756 water point samples showed that high level of arsenic
contamination in groundwater (around 61% in Ghazni and 38% in Panjshir) which is exceeds than the
WHO standard (Fig-1) . So in this study, it focuses to find the sustainable method to remove
Arsenic from the water which already contaminated.

Daykundi

Uruzgan

ucted (by District)

-eeded Limit (by District)
. Disclaimer and Source: 8
@ rercentaq

unicef@®  (Www.unicef.org) R

iy R

Fig.1: Level of Arsenic Contaminant of Groundwater in the Different Regions of Afghanistan

The basic and general objective of this research is to critically review the current problem of arsenic
contamination of groundwater in Afghanistan and to suggest sustainable arsenic removal method to solve
this problem. Specific objectives are as follows:

1. To review the global arsenic pollution in groundwater and its effect on human health and
environment.

2. To assessment the current situation of technology for household water treatment using in developing
countries.

3. To identify and recognize the most suitable and sustainable arsenic removal technology for
Afghanistan.

Methodology

The procedure and method for this study, including the reviewed about the arsenic problem in the
Asian, American, African and European continents including of the Afghanistan country, as well as, it

18


http://www.unicef.org/

INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

stated the arsenic contamination of groundwater in developing countries, reviewed various arsenic
treatment technologies used in developing countries and finally it tried to have an evaluation the between
reviewed technologies and then it was selected the most suitable methods and technology which is
recommended in Afghanistan.

Data Analysis

Data analysis process, in this study was both qualitative and quantitative techniques and the source
of data were the primary and secondary. The data collected form the research work, Published and
unpublished reports and documents, Journal, articles, guidelines and policy documents to find out the
groundwater contamination and its possible causes by arsenic and primary data including the
questionnaires, interviews, observations and sampling were analysis with the statement of analysis and
analysis of data did by Excel, SSPS and X-connect software in this study. However, the standard methods
IS a joint publication of the American Public Health Association (APHA), American Water Works
Association (AWWA), and the Water Environment Federation (WEF) and the Atomic Absorption
Spectroscopy (AAS) has been selected for analysis of my samples taken from wells water to identify and
detect the concentration of arsenic in both raw water (before filtration) and filtered water (after filtration)
in the ENPHO laboratory.

Identification of topic

\

Identify the problem and explain rationale of the study

v

Objective of the study

y

Literature review

v

Data Collection

Secondary data: Published and unpublished The Primary: Data were collected from

reports and documents, Journal, articles; Nawalparasi-Nepal and Afghanistan countries

guidelines and policy documents. including the questionnaires, interviews and
observations sampling.

l

Data analysis

v

Statement analysis and interpretation of data by excel, SSPS and X- connect software

Recommendations for Improve household water treatment to reduce arsenic contamination from
ground water

Conclusion
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Results and Discussion

Samples Analysis Report & Water Test Result in the Study Area

The results & report from analysis of samples showing that groundwater and well water in the
Bhairahawa village of Nawalparasi district Kathmandu city in Nepal has contaminated with arsenic more
than the WHO, Guild line Value (GV) and NDWS.

Table 1 Samples Analysis Report & Water Test Result in ENPHO Lab

Typ
No- e of Parameter Concentration Efficiency WHO Unit Source of
Sample Wat in Raw water  Removal GV Water samples
er
1126 RW  Ar 0.07 Very 001  mglL Well water
00d (groundwa_ter)
1127 FW Ar 0.05 g 001  mglL Kanchan Filter
Well water
1128 RW Ar 0.83 Not good 0.01 mg/L (groundwater )
1129 FW Ar 0.23 0.01 mg/L Sono Arsenic Filter
1130 RW  Ar 0.39 001  mg/L Well water
(groundwater)
Excellent Arsenic Bio Sand
1131 FW Ar 0.005 0.01 mg/L Filter

Note: Raw water (RW), Arsenic (Ar)
The report of WHO and ENPHO shown in 2015 that this water has also others contamination such as
bacteria and other chemicals such as iron, fluoride, nitrate, and etc.

Table 2 Overall Water Quality Test Result and Removal Efficiency by ABSF

Range of % of Raw water Removal efficiency
Water quality parameters concentration in Exceeding the by ABSF (%)
raw water NDWQS
AS (PPb) 91.57 80 -54 83
Fecal coliform (cfu/100 mg) 72.86 90 97
Iron ( mg/L ) 0-5 79 100
Hardness (mg/L ) 19-664 1 7
pH 6-7.5 40 e
Phosphate (mg/L ) 0-2 80 75

The summary of water quality test result, removal efficiency by the arsenic bio sand filter and the
percentages of raw water exceeding the NDWQS in 57% samples that token by the ENPHO from Nepal.
In this case, most wells are contain arsenic concentration up to the WHO and NDWQS (Danglol, 2016).

Comparison between test result and WHO guideline

The comparison between the result from Environmental Public Health Organization laboratory
experiment indicated that most samples have Arsenic concentration higher than the WHO and NDWQS
GV (0.01mg/L & 0.05 mg/L) and bacteriological contamination is mostly higher the standard. The
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groundwater especially wells water are contaminated with pathogens, especially arsenic is to much higher
from shallow wells water because it is up to 0.05 mg/L

The survey results showing that out of 6 samples, 3 samples from raw water and 3 samples also
from filtered water, the raw water have Arsenic concentration higher than World Health Organization
GV 0.05 and filtered Arsenic Bio Sand Filter and Kanchan Arsenic Filter are lower than the WHO and
NDWQS, But the range of arsenic concentration in filtered water from Sono Filter is yet higher than the
both WHO and NDWQS range. However, the result shows that Arsenic Bio Sand filter is the most
suitable technology for household water treatment method especially for removal of arsenic from
groundwater.

Raw Water Filtred Water
=
oy 1 0,83
S E
% E’ 0,8
LS
g 06 0,39
:‘%ﬁg 0,4 007 0,23
xS 02 0,05 0,01 ’ 0,05
© o 6:005
NDWS WHO ABSF SSF KAF
Technologies Available in Nepal

Fig.2: Comparison of Raw Water and Filtered Water with WHO GV and NDWS
The efficiency removal of Arsenic Bio Sand Filter (ABSF) is much higher than the Sono Sand
Filter (SSF) & Kanchan Arsenic Filter (KAF) and the efficiency removal of Sono Sand filter is so low.
However, according to the result SSF could not remove arsenic concentration from groundwater event to
the WHO GV or NDWS. Therefore, classification of these three technologies was based on the removal
efficiency Kanchan Arsenic Filter is medium arsenic removal, SSF has low efficiency removal and ABSF
is an excellent arsenic removal (Fig.2).

Evaluation of Arsenic Removal Methods

According to this review the primary data in this research, the information is given about the
technologies for household arsenic removal from groundwater. The methods and technologies can be used
by local well owners (household) and public water suppliers. However, according to available and basic
information, a matrix is formed to give an idea on the applicability of the technology for some given
situations. The Fundamental information of arsenic chemistry and its processes is important when a
community or a household is either looking to install or make a new system for arsenic removal from
drinking water or modify an old technology to comply with the new arsenic rule. Thus, based on the
finding of this study, it was tried to evaluate those methods and technologies that were studied in literature
review according to the cost, removal and treatment efficiency, production, Lifespan and operation and
maintenance (Table-1) However, it compares the six most promising arsenic removal methods and
technologies in terms of cost-benefits with operations and maintenance costs (Table-2). So, arsenic
removal methods and technologies are ranked form one up to ten for each decision driver. For instance,
capital costs or mechanical reliability the basis for the ranking of each parameter is shown in the right-
most column. The high rank is 10 or excellent which indicates that the methods and technology is more
suitable for implementation in household. This type of ranking and analysis has to be performed for
impacted system, accounting for the utility preferences and site constraints. However, this analysis system

21



INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF NEW
HORIZONS IN SCIENCES | PROCEEDINGS BOOK

is purely for evaluation purposes (Table-2). The comparison of main arsenic removal technologies,
according to all the technologies, regarding to the processes listed in the each of this technology has their
advantages , disadvantages and is being refined to be most suitable under the rural conditions (Table-3)
and (Table-2).
The comparison and modifications according to the pilot scale implementation of the technology are as
following objectives:
1) To improve effectiveness of arsenic removal technologies for using in household.

2) To reduce the capital cost and O&P (operaiton and maintenance) cost of the methods of those

technology.

3) To make the technologies UF (user friendly) for household or community.
4) To overcome operation and maintenance problems.

Table 3 Comparison of Main Arsenic Removal Technologies

Estimated
costs $
Removal
Efficienc
y %

Technology Type Benefits

[euded
\$)
Jeak1s00
Bunesado

Filtration 76-90 Can provide 60-80 L/h and high flow rat
1-Arsenic BSF and minimum maintenance

Produces 20-30 L/hour for daily

a1
?
~
a1
[uny
o

2-SONO filter 90-95 ,Without producing toxic wastes, Works ~ 35-50 20
without any chemical
Coagulation &
flocculation Low costs and simple chemicals,
1-Bucket Treatment 60-90  hemicals normally available 10-20 15-20
Unit
A homemade and inexpensive ways to
2-Three Kolshi Filter 90 treat drinking water 90% Arsenic 15-20 15
removal
Activated alumina . . : life
_ 80-85 Slmple operation and common chemicals 35-50 span 1
1-Magc-Alcan Filter Media life span about 1 year year
2- Shapla Filter g0-90 VeN e_ff|C|ent removal low maintenance, 10-15 10
no daily sludge
Membrane Techn_ology > 05 Removal of multiple contaminant 300 - 100-
1-Reverse osmosis Well defined, high removal efficiency 1500 200
(RO)
lon-exchange life
1-READ-E 95 Long media lifespan 50-70 span3
year
Oxidation . T
1-Solar oxidation 60-90 simple method '_[hat uses irradiation of 60-70  20-15
water with sunlight
gampact conventional 90-94  Good arsenic removal with low cost 800 1105%_
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Both arsenate and arsenate can be

Fill and Draw Units 90 removed by its 600 100-

150
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Table 4 Evaluation of Arsenic Treatment Technology Ranking based on Characteristics
Filtration Membrane  Oxidation lon Activated Coagulation
Characteristics ABSF Technology (SOAR) Exchange Alumina and Scoring Basis
RO (REDA-F) Adsorption  flocculation
Capital Costs 9 5 10 7 7 6 High Score (HS) for low cost technologies and
(0O&M) Low Score (LS) for high cost technologies
Ease of 9 7 8 9 8 9 HS, for methods that are easy to install and
Implementation operate LS, for cumbersome technologies
Labor Required 9 10 7 7 6 7 HS, that can be automated and LS, for labor-
intensive technologies
Process Reliability 10 6 8 7 8 8 HS, that have less interference from source
water quality and LS, that are highly
impacted by co-occurring ions
Mechanical 9 10 7 6 6 7 HS, for sturdier processes and LS, for
Reliability processes with more moving parts
Public Acceptance 10 6 9 7 7 8 HS, for technologies that have minimal
impact onthe neighborhood and LS, for
technologies that have lots of interference
with neighborhood activities
Residuals Handling 10 8 6 6 8 7 HS, for technologies that produce little or no
waste stream
Process Flexibility 10 6 8 8 9 10 HS, for processes that can be readily
upgraded ormodified and LS, for processes
that are difficult toexpand
Cumulative Score 77 58 63 57 59 62 High score for technologies that has high

removal efficiency with high produce treated
water and should be low cost without waste
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Selection of the most Suitable Arsenic Removal Technology for Afghanistan

Most Suitable Arsenic Treatment Technology (MSATT) for household and community
for a specific water system should be based on careful consideration of many potations and
factors including the System Capacity (SC), Site Constraints (SC) (availability of land, power
and sewer connection), Residuals Handling Preferences (RHP), Existing Treatment System
(ETS), Qualitative Decision Drivers (QDD) (ease of implementation, public acceptance),
Capital Cost (CC) and Operation and Maintenance Costs (OMC) .According (Table-5) arsenic
bio sand filter has high score than the other six technologies for household arsenic removal,
because of their following potations and characteristics:

e The removal efficiency of Arsenic Bio Sand Filter (ABSF) with high removal

ABSF can remove turbidity, color, some iron, manganese and odor.

ABSF is a good microbial removal (it can remove over 98.5% bacteria and100% parasites).
ABSF has high flow rate, up to 60 to 80 liters per hour.

ABSF has no on-going costs or no need for replaceable parts.

ABS is also durable and robust.

ABSF can fabricate from local materials. (It is a good opportunity for local businesses).
Easy to maintain and water tastes and looks good.

The capital cost and operation cost are suitable for each household or community.
Regarding to the above attributes of the arsenic bio sand filter and it’s this technology, the
ABSF, is a good option and it is most suitable for Afghanistan and it is recommended for
households and communities which they using for water treatment (Fig-3).

IE
MT(RO)
SOAR

CF |

A A

ABSF

TECHNOLOGIIES

0 5 10 15 20 25 30
ABSF AA CF SOAR | MT(RO) IE
mSeril 28 25 24,5 25,5 23 22,5

SCORES

Fig.3: Summary of Ranking System for (ARTSs) (WHO, 2015).

Note: IE (lon Exchange), MT (Membrane Technology), SOAR (Solar Oxidation As removal),
CF (Coagulations and Flocculation), AA (Activity Alum), and ABSF (Arsenic Bio Sand Filter).

Conceptual design of technology for a family

The design of this sustainable technology for household arsenic removal was entirely
constructed with local available materials as well as local labor. However, in this study design
was ABSF to estimated home water use needs for average family members (Table-5).
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Table 5 Average Water Use Estimation in a Family for Various Water Services

Average water use per person in a estimated family

Number of People Living at Home 5 person
Average family income/month 300%
water use source Groundwater or Surface water

Bacteria, Viruses, Protozoa Helminths, Turbidity, Iron

Water contaminated parameter .
and Arsenic

Daily water usage and expense for
various water services per person in

an estimated family in the case of Cooking  3x5 = 15 liters per day
Afghanistan.

For Drinking  2x5 =10 liters per day

Washing hands, brushing teed 15x5 =75 liters per

and shower day
Washing dishes 8 liters per day
Others 12 liters per day

Total water used in the family 100 liters per day

According to the above table, the average water use was estimated family for various

water services and water usage varies enormously; it is only estimation to what technology that
was can design for a family in the case of Afghanistan. Therefore, it was mentioned that | did
not consider about the water consumption such as flash toilet, cleaning and laundry.
In this case, for the purposes of planning to design a sustainable household water treatment for
arsenic removal which it can provide to meet demand of the water consumed in the family as
the mentioned technology above has all characteristics that can improve water quality. For the
design of such methods, it was consider the following options:

e It may removes arsenic, pathogens, iron and turbidity from both groundwater and surface
water.

e |t could construct by trained local technicians using local materials that mean it
constructed of simple materials available on the local market.

e This method has a good flow rate, 20 -30 L/h. and it need simple thing for their operation
and maintenance.

e The construction of the filter can be carried out by local trained technicians.

17



INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCES | PROCEEDINGS BOOK

Lid: The main aim of lid is to prevention
and protection anything from getting inside

Lid= 52 cm?
=1 = A .
—F v  DiffuserBox-h=30cm , L=46 cm, W =46
vz |4 wonNaiissKgh=10
A -
nding Water- h= 15 cm
5em v Standing Wate 5¢

A . .
v The find Sand filter - h =50 cm
A
w Coarse Sand h=5cm
¢ Gravel with  h=10 cm

W =50 cm

Fig.4: Construction Process of Sustainable Household Arsenic Remove Technology (Arsenic
Bio Sand Filter or Absf)

™

This section (Iron Nils) is for
> Arsenic Removal Unit

Outlet

!

I Water

(0}
0}
:
2
\

Clean
Water

This section (Fine Sand filter,
> Coarse Sand filter and Gravel) is

for others contamination such as

Pathooen Removal Unit

Fig.5: Cross Section of the Sustainable Household Arsenic Removal-Design

Length =50 cm
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Width =50 cm

High =120 cm

Filter loading rate = 400 liters/nour/m?

Flow rate = 0.4 I/min = 24 litters/ hours

Reservoir volume = 12 litters Sand pore volume = 12 litters

Standing water depth = 15 cm

Fig.6: Design of the Sustainable Household Arsenic Bio sand Filter for Arsenic and Pathogen
Removal in Afghanistan

The details and design of sustainable household arsenic removal technology has been
shown in the above figures 4 and 5.Therefore, this Arsenic bio sand filter can be enough for an
average family as which estimated (Table-5) According to the design specifications of
sustainable arsenic bio sand filter in the above figures, the volume between the surface of still
water level into the filter and bottom of diffuser box would be more than 10 litters. By the way,
it was observed that the number of users pour more thanl0 litters of water within the filter at
the same time in each use of water for filtering.

The unfiltered water in the other words, influent water mostly passes through the iron
nails bed quickly because of arsenic removal, and accumulates in this 10 litter space. Therefore
it is due to resistance of water flow within iron nails bed as many less as the resistance to water
flow within the FSFL (fine sand filter layer) in the below. In this case, “distance or volume
space between the sand layer and diffuser box is reduced”, then a more section of the incoming
water about 5 to 10 litter will remain in the player box, instead to accumulate in the space below,
it may increase the contact time between the unfiltered water, iron nails, and it may improve
the arsenic removal efficiency by iron nails.

However, if the distance or space between the sand filters layer and box could be
reduced, after the disturbance to the sand filter layer from the falling force of the incoming
water would be reduced. Anyway, the basic activity of the diffuser box is to prevention the top
of sand within moving around when we pour and the water into the filter, can prevents bilayers,
on that case we can be sure that water drips onto sand evenly across the top of the sand and this
way all of the sand could be used to filter the water contaminated with arsenic or others
pollutions.

Moreover, the basic purpose of sand into this method also has an excellent role for
removal of pathogen, bacteria, helminthes, and turbidity removal. The sand filter usually
removes all the mentioned dirt and pollutants from the surface water and groundwater.
Therefore, it is best to sand and be prepared correctly for the filter to work excellently. The
separation gravel prevents sand from moving down and this relocates and blocks outlet tube
and gravel of drainage is also large gravel prevents the small gravel from moving and blocking
the outlet tube. The large gravel is too big to get inside the outlet of the mentioned tube. Finally,
water that comes out of the outlet tube is safe to drink and the tube could be made from plastic
and copper into the safe layer storage, for the safe storage we should have a clean and safe
drinking water storage container to collect the filtered water as it flows out of the outlet tube
layer.

According to the (Fig-6) here is the calculation of the volume within each part separately as
follows:
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Diffuser Box: he=30cm L=46cm and W =46cm

Iron Nails: hs=10 cm

Standing Water: hs= 15 cm

The find Sand filter — hy =50 cm

Coarse Sand diameter: h,=5cm

Gravel with diameter: hz=10cm

According to the above data now we can calculate the volume of each part of the Arsenic Bio
Sand Filter.

Volumel (Vi) = A base x h1 >> V3= (0.5m x 0.5m x 0.1m = 0.025m? the volume of gravel
V2 =0,025m2 x 0.05m = 0.0125 m? volume of coarse Sand

V3 =0.025 x 0.5 = 0.0125 m? the volume of find Sand filter

V4 =0.025 x 0.15 = 0.004 m® volume of standing water between the sand filter and Iron nails.
Vs = 0.30m x 0.46m x 0.46m = 0.063m? volume of diffuser box in top of Arsenic Bio Sand
Filter.

50 cm

Fig.7: Volume of each Part and Flow Rate of this ABSF, it flows rate is 0.4 L/min = 24
litters/hours

Conclusion

Review to improve the sustainability of water treatment technology for arsenic removal
throughout high levels of arsenic contamination groundwater which addresses an alarming
problem worldwide. Concentration of Arsenic in groundwater causes health problems with high
level of toxicity in drinking water due to, anthropogenic activities, agriculture activities
(pesticides, herbicides, seed treatment and fertilizers), industrial activities (timber treatment,
electroplating, tannery and paints/chemical) and sewage (wastewater treatment plant, mining
and smelting main sources of arsenic pollution in groundwater.

According to a study on water quality in Ghazni and Midanwardek provinces,
Afghanistan, 459 out of 746 water point samples showed high levels of arsenic contamination
roughly 61% which exceeded the WHO standard (0.01 mg/L). Furthermore, another suitable
technology designed for arsenic removal in developing countries is oxidation methods for
arsenic treatment from drinking water. This method was controlled oxidation with air and
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filtration to reduce the concentration of arsenic to low levels. The main difference between
Arsenic Bio Sand Filter and Sand Filter are at the Arsenic removal on the surface by iron nails
rust when exposed to air and water, as absorbed to ferrous hydroxide particles in the Arsenic
Bio Sand Filter method. But in the Sand Filter, there are no iron nails for abrogation of
arsenic.

Finally, the major significant finding of the study was the evaluation the existing household
arsenic removal was used in developing countries based on ranking system, as a result, the most
suitable method selected for household arsenic removal as well as a lot of household water
treatment technologies for arsenic removal has been prepared and developed by many NGO
and organizations, the sample analysis report from three available arsenic removal methods at
study area and this study confirms the Arsenic Bio Sand Filter technology which is the most
efficient and appropriate method for arsenic treatment with an excellent flow rate and also this
method is recommended for Afghanistan. The design of sustainable household arsenic removal
for this study is estimated for one family, it showed effective removal of arsenic with a median
removal of 95 %, bacteria removal 88-99 %, helmets up to 100 %, turbidity 80 to 95% and Iron
90-95%.
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Abstract

Albania's coastline has a length of about 450 km, with wide access to the Adriatic and lonian seas, where
various forms of sandy and rocky beaches are combined, with the possibility of touristic use. The study
of shoreline changes is concentrated in Karpen-Qerret-Golem’s area, as the most frequented beach sector
by locals and foreign tourists, as well as in the last three decades as very important area for the
development of business in the field of construction.

The purpose of the study is to compare the shorelines shown in the topographic maps of 1:10 000 scale
(editions of 1978), on Ortophotos (1994, 2007, 2015, 2018) and 2021’s GNSS measurements in the
study area, as well determining the direction and rate of the shoreline changes. Since 1978, due to the
shoreline erosion it lost over 810 000 m?, while the rise in sea level, caused by climate change, paints an
even more shocking image for the future. The objectives of the study are providing evidence of the
shoreline changes in Karpen-Qerret-Golem’s area, as well as giving recommendations for stopping or
reducing of shoreline erosion in this important sector.

Keywords: Shoreline changes, Erosion, accretion, average rate, lost/gained area, map, Ortophoto,
GNSS.

1. INTRODUCTION

The territory of Albania lies in the south-western part of the Balkan Peninsula. The western part of
Albania, which is wetted by the waters of the Adriatic and lonian seas, is represented by beaches,
lagoons and partly by marshes. The coastline of Albania influenced by geological, geodynamic, climatic
factors, etc. has an irregular configuration, which over time has undergone one-by-one modifications.
The coastline of Albania has a north-south extension of about 450 km, and it starts in the north with the
Buna river (Fig. 1) and ends in the south with Stillo’s Cape. This coastline is rich in sandy beaches,
capes, sheltered bays, lagoons, small sandy beaches, sea caves, etc.

Based on the morpho-lithological characteristics (Bogi, 1991; Nago and Bedini, 2005 and Pano, 1992),
the Albanian coast is divided into two types: a) accumulative coastline, which is wetted by the Adriatic
Sea or which extends from the Buna River to “Cold water”, Vlore) and b) abrasive coastline, wetted by
the Ionian Sea or extending from “Cold water” in Vlora to Stillo’s Cape in the south. The
"Accumulative" coastal area of the Adriatic represents a length of the coastal area of about 251 km or
55.3% of the total coastline of the territory of Albania. In the coastal space of Albania, an important
place is occupied by the sector of the Gulf of Durrés, to the south of which is the Karpen-Qerret-Golem
beach (Fig. 2).
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Figure 6. Map of the Gulf of Drin area in Albania (Ekrem Canli:
https://commons.wikimedia.org/wiki/File:Dringolf.png)

Google Earth

Figure 2. Fragment of the Karpen-Qerret-Golem sector shoreline/costline, Durres (Google Earth 2022)

In the Bay of Durres there are the streams of Lishat (Syneji), Rob’s and Golem mountains, several canals
which descend from the higher territories in the east (the salt channel-Hydrovor), as well as the Darchi
river. Also the river of Shkumbin, which flows south of the bay of Durres, and the river Erzen, which
flows north of it, near the Pali’s cape, play a primary role in the supply of sediments. These two
important water arteries play a primary role for the behavior of sediments in the Durres Bay area.
According to studies, sea/ocean levels around the world continue to rise.

24


https://commons.wikimedia.org/wiki/File:Dringolf.png

INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCES | PROCEEDINGS BOOK

Since 1900-1930 the average sea level has increased with an average rate of about 0.6 mm/year, 1930-
1992 with 1.2 mm/year, 1993-2015 with 3.2 mm/year and 2010-2015 with 4.4 mm/year (Fig. 3). In the
dynamics of the shoreline changes in the Kavaje region in general and for the Karpen-Qerret sector, the
following factors have their influence: changes in land use, deforestation and reforestation,
desertification, geomorphology of the Durres-Karpen sector, characteristics geological-tectonic and
neotectonic of the area, seismic conditions of the area, hydrogeological characteristics of the Karpen-
Qerret area, climatic characteristics of the area, wind speed and its direction, precipitation, air
temperature, and solar radiation.

Global Mean Sea Level Change
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Figure 3. Global water level rise (https://climatefeedback.org/claimreview/global-sea-level-rise-
accelerating-despite-heartland-institute-reports-claims-otherwise/)

2. MATERIALS AND METHODS

The first study for the evidence of shoreline changes of our Adriatic coast was carried out in 1963 at the
Department of Geodesy (Bogi and Luli, 1989 and Bogi, 1994). The study was based on the position of
the shoreline shown in the maps of the Austrian editions of 1916-1918, on the maps of the Italian editions
of 1936-1938, on the topographical maps published in Albania in 1962, as well as on detailed surveys
carried out in the field. Several factors have affected in the process of changing the position of the
shoreline, such as: tides, wind, accumulative and abrasive activity of seas and rivers, as well as climate
changes from global warming.

The objectives of the study are: providing evidence of the shoreline changes in the area of Karpen-
Qerret-Golem, as well as giving recommendations for stopping or reducing of shoreline erosion in this
important sector.

The study presents the assessment of the dynamics and rate of development of the phenomenon of
shoreline erosion in time and space, based on the changes of shoreline shown in: a) the topographic
maps of 1:10 000 scale (editions of 1978), b) in Ortophotos (1994, 2007, 2015, 2018) and c) GNSS
measurements performed.
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Figure 4. Fragment from the 1978’s Topographical maps of the Karpen-Qerret-Golem area
(https://geoportal.asig.gov.al/map/?fc_name=25k_krgjsh&auto=true)

The topographic maps in the scale 1: 10 000 (Fig. 4) were produced based on aerial photography
respectively in the years 1968-1989 by the former Topographical Institute of Albania (today the Military
Geographical Institute of Albania). These maps are based on the reference ALB-1986 (Ellipsoid of
Krassowsky-1941, cartographic projection Gauss-Kryger (TM), central meridian 21°, distortion scale
factor at the central meridian ko = 1). The theoretical accuracy (M) in the position (N,E) of points on
topographic maps in scale 1:10 000, is predicted to be: M ==+ 0.2 mm x Map Scale =0.2 mm - 10 000 =
2m.

Through the photogrammetric methods, the production of digital Ortophoto maps from the aerial
photography is enabled. Since 1994, based on the aerial photographs of 1994, 2007, 2015 and 2018 the
respective “Ortophotos” (Fig. 5, Fig. 6) at different levels of accuracy have been produced. The
ortophotos of 2007/2015 are produced at three levels of accuracy: LOT-1 covering urban areas, LOT-2
covering all the western low-land and major road corridors and LOT-3 covering all the high-land areas,
respectively with resolutions 8 cm, 20 cm and 40 cm based on the reference ITRF-2005/ETRF2000
(WGS84, UTM (Mercator's Universal Traversal), 21°, ko = 0.9996). The accuracy of the orthophoto
according to (Aerosistemi” SRL and Hansa Luftbild Sensorik und Photogrammetrie GmbH, October
2015; Geofoto SRL, 2007 and PASCO CORPORATION, Japan and Hansa Luftbild AG, Germany,
2018) is +20 cm.
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Figure 5. Fragment from 1994’s Ortophoto (left) and 2007’s Ortophoto (right) of the Karpen-Qerret
area (https://geoportal.asig.gov.al/map/?auto=true)

Figure 6. Fragment from 2015’s Ortophoto of the Karpen-Qerret area
(https://geoportal.asig.gov.al/map/?auto=true)

GNSS observations were collected using Trimble R8 receiver with data collection every 1 sec based on
the ALBCORS-2019. After processing the GNSS observations using TBC (Trimble Business Center)
office software (Trimble Inc. PN 022543-256Q) the coordinates (N,E) on the Albanian modern reference
(ETRS89, GRS80, UTM, ko = 0.9996, Lo = 21°) are obtained, and a layout of positions was prepared by
the software “Autodesk AutoCAD® Civil 3D 2019” (Fig. 7).
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Figure 7 Coastline positions of Karpen-Qerret-Golem (1978-1994-2007-2015-2018-2021)

2.1 Transformation of the GNSS campaign coordinates

To compare the shorelines shown in the topographic maps and Orthophotos of the area chosen in the
study, the GNSS positions measured referred to ALBCORS-2019 (ETRS89, GRS80, UTM, ko=0.9996,
A=21°) are transformed into ALB-1986 (Krassowsky-1941, TM, 21°, ko=1) by the Helmert linear
equations (1) and (2) according (Nurge, 2013):

NaLg19ss (rmy = No+ p - Netrr2000 (utmy + q  EeTrr2000 (UTM) + T Q)

EaLs19ss (rm) = Eo+ q * NeTRr2000 (UTM) + P * EETRF2000 UTM) + S 2

with:  N¢=4551000.000, Eo=416800.000, p=1.000408598, @=3.11103E07, r=1952.142887,
$s=97.55894084. While the digital Ortophoto content referred ETRF2000 (WGS84, UTM, 21°,
ko=0.9996) is transformed into ALB-1986 (Krassowsky-1941, TM, 219, ko=1) using ArcGIS software
through 7- Helmert’s Parameters. The accuracy of the transformation is 20 ¢cm, which does not affect
our study.

3. RESULTS

From the comparison of the shorelines shown in the 1978’s topographic maps, in (1994, 2007, 2015,
2018)’s Orthophotos of different years and 2021°s GNSS measurements of Karpen-Qerret- Golem
sector with a length of about 7.5 km (Fig. 8, left), the shoreline changes due to the erosion/accretion are
measured by profiles every 1000 m (Fig. 8, right), as well as average rate of the shoreline changes, the
lost/gained area and the average rate of lost/gained area due to the shoreline erosion/accretion are
computed.
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Figure 8. (1978-1994-2007-2015-2018-2021)’s Shoreline changes of Karpen-Qerret-Golem
sector

Table 1 and Table 2 show the results of comparison of the shorelines shown in the topographic maps of
1978’s 1:10 000 scale and 1994's digital Orthophotos (Fig. 9):

Table 1. Shoreline changes/Average rate/Lost area/Gained area for period 1978-1994

Profiles 1 2 3 4 5 6 7 8
Shoreline changes/profile (m) 29 | 79 | 93 100 69 [ 12 | -32 | -45
Average rate (m/year/profile) 18 [ 49 | 5863 ]43[08]-20]-28
Lost area due to the shoreline Erosion (m?) -364 943

Gained area due to the shoreline Accretion (m?) 50 275

Table 2. Average change/ Shoreline changes average rate/ Lost/gained area average rate (m?/year) for

period 1978-1994

Erosion Accretion
Average change (m) 63.7 -38.5
Shoreline changes average rate (m/year) 4.0 -2.4
Lost/gained area average rate (m?/year) -22 809 3142
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Figure 9. (1978-1994)’s Karpen-Qerret-Golem sector Shorelines

Table 3 and Table 4 show the results of comparison of the shorelines shown in the topographic maps of
1978’s 1:10 000 scale and 2007's digital Orthophotos (Fig. 10):

Table 3. Shoreline changes/Average rate/Lost area/Gained area for period 1978-2007

Profiles 1 2 3 4 5 6 7 8
Shoreline changes/profile (m) 63 [ 138 | 151|157 [ 185 [ 33 | -59 | -89
Average rate (m/year/profile) 22 148 [ 52 ]54]64]11]-20[-31
Lost area due to the shoreline Erosion (m?) -720 351

Gained area due to the shoreline Accretion (m?) 79759

Table 4. Average change/ Shoreline changes average rate/ Lost/gained area average rate (m?/year) for
period 1978-2007

Erosion Accretion
Average change (m) 121.2 -74
Shoreline changes average rate (m/year) 4.2 -2.6
Lost/gained area average rate (m?year) -24 840 2 750
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Figure 10. (1978-2007)’s Karpen-Qerret-Golem sector Shorelines

Table 5 and Table 6 show the results of comparison of the shorelines shown in the topographic maps of
1978’s 1:10 000 scale and 2015's digital Orthophotos (Fig. 11):

Table 5. Shoreline changes/Average rate/Lost area/Gained area for period 1978-2015

Profiles 1 2 3 4 5 6 7 8
Shoreline changes/profile (m) 77 1226 | 127 | 259 [ 128 | 69 | -52 | -50
Average rate (m/year/profile) 21161 [34][]70]35]19[-14[-14
Lost area due to the shoreline Erosion (m?) -807 135

Gained area due to the shoreline Accretion (m?) 41 885

Table 6. Average change/ Shoreline changes average rate/ Lost/gained area average rate (m?/year) for
period 1978-2015

Erosion Accretion
Average change (m) 147.7 -b1
Shoreline changes average rate (m/year) 4.0 -1.4
Lost/gained area average rate (m?year) -21 814 1132
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Fig. 11: (1978-2015)’s Karpen-Qerret-Golem sector Shorelines

Table 7 and Table 8 show the results of comparison of the shorelines shown in the topographic maps of
1978’s 1:10 000 scale and 2018's digital Orthophotos (Fig. 12):

Table 7. Shoreline changes/Average rate/Lost area/Gained area for period 1978-2018

Profiles 1 721371 4 5 6 7 8
Shoreline changes/profile (m) No data 1441 70 [ -46 | -17
Average rate (m/year/profile) No data 36 [ 18 [-12]-04
Lost area due to the shoreline Erosion (m?) -152 865

Gained area due to the shoreline Accretion (m?) 39 095

Table 8. Average change/ Shoreline changes average rate/ Lost/gained area average rate (m?/year) for
period 1978-2018

Erosion Accretion
Average change (m) 107.0 -315
Shoreline changes average rate (m/year) 2.7 -0.8
Lost/gained area average rate (m?year) -3 822 977
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Figure 12. (1978-2018) Karpen-Qerret-Golem sector Shorelines

Table 9 and Table 10 show the results of comparison of the shorelines shown in the topographic maps
of 1978’s 1:10 000 scale and 2021's GNSS field measurements (Fig. 13):

Table 9. Shoreline changes/Average rate/Lost area/Gained area for period 1978-2021

Profiles 1 2 3 4 5 6 7 8
Shoreline changes/profile (m) 83 [ 2321371265142 62 | -44 | -11
Average rate (m/year/profile) 1954132162133 [14]-10]-03
Lost area due to the shoreline Erosion (m?) -846 585

Gained area due to the shoreline Accretion (m?) 30152

Table 10. Average change/ Shoreline changes average rate/ Lost/gained area average rate (m?/year)
for period 1978-2021

Erosion Accretion
Average change (m) 153.5 -275
Shoreline changes average rate (m/year) 3.6 -0.6
Lost/gained area average rate (m?/year) -19 688 701
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Figure 13. (1978-2021)’s Karpen-Qerret-Golem sector Shorelines

DISCUSSION

The study shows the shoreline changes due to the erosion/accretion, average rate of the shoreline
erosion/accretion, the lost/gained area due to the shoreline erosion/accretion and average rate of
lost/gained area due to the shoreline erosion/accretion.

From the comparison of the shorelines shown in the topographic maps, in orthophotos of different
years and GNSS measurements of Karpen-Qerret- Golem sector with a length of about 7.5 km, the
Erosion phenomenon was found in the segment Darch stream (Karpen)-Golem beach with a length
of about 5.5 km, as well as Accretion in the segment Golem beach to the north with a length of about
2 km.

The results obtained from the comparison of the shoreline changes in the area of Karpen-Qerret-
Golem for the period 1978-2021, show that this sector has been constantly under the influence of
sea erosion, where after 1980 it has increased significantly.

From the analysis carried out, it resulted that the use of complex geodetic methods for the study of
the shoreline changes, together with the information obtained from satellite images and GNSS
measurements, would enable the study of the shoreline changes with the highest accuracy, in
conformity with European standards and studies.

5. CONCLUSION

1.

The existence of sea erosion on the shoreline of our country and its intensification in some sectors
of the coast make it necessary to control/monitoring of the shoreline of Albania by
responsible/specialized institutions.

To re-evaluate oceanographic indicators such as: waves, direction and length of waves, winds, tidal
currents, etc. we emphasize that after 1990’s, there are no permanent data and measurements for
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these indicators. Unfortunately a number of meteorological stations located along the coast do not
work.

3. Protective measures should be taken by responsible local and governmental bodies as well as by
scientific institutions.

4. The study should also be carried out in other areas such as Shengjin - Patok Beach - Ishmi River,
Drac - Rinia, Spille - Karavasta Lagoon.
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Abstract

Several GNSS measurement campaigns have been carried out in Albania (October 1994, February 1998,
September 1998) for the connection of the State Geodetic Network with the Global or European
Reference System. Based on the results of the latest GNSS measurement campaign of Fall 2007-Spring
2008 the best relationship until now between the local and ETRF references was found.

Aim of this study is to present the different transformation models applied in the Albania, as well as the
test results of the transformation models in different areas.

Since, the models of the transformed planimetric coordinates referred ETRF2000 into ALB1986, are
not officially approved it recommended to be applied for the topographic mapping of the territory of
Albania up to a scale of 1: 5000. These models can be improved if we will carry out additional
measurements at the existing points of the horizontal control network referred to ALB1986.

Keywords: GNSS, coordinate transformation, ITRF/ETRF/ALB reference.
1. INTRODUCTION

The first GPS measurement campaign in Albania carried out on period of October 6-21, 1994 by the
former ITU (Military Topographic Institute, today MGIA) in collaboration with the DMAAC (United
States Defense Mapping Agency Aerospace Center, now NIMA). The aim was to transform the State
Geodetic Network (ALB1986) into the WGS84 (World Geodetic System 1984). 24 points of
triangulation (order I/II) and 11 points of state leveling (order I) observed. Relative positions have
resulted in standard deviations of up to 10 cm for (N,E,h), while standard deviations for data
displacement parameters from the Krasovsky- 1941 ellipsoid to WGS84 have resulted (Geodesy and
Geophysics Department, Geodetic Surveys Division, (October 1994):

o(N)==0.5 m, o(E)=+0.3 m, o(h)=%0.6 m
whereas the transformation parameters and the corresponding accuracies are:
AX=24m+4m, AY=-130m+4m, AZ=-92m=+4m

The second GPS measurement campaign carried out on February 1998 by the PMU (Project
Management Unit) in collaboration with the Department of Civil Engineering Geodesy of the
University of Wisconsin, Florida, USA. The aim was to connect the State Geodetic Network
(ALB1986) with the International Reference System (ITRF). Standard deviations for the calculated
(X,Y,Z) and ellipsoidal (@,A,h) coordinates in WGS84, ITRF96, Epoch1998.0 are in the range of 1-2
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cm. Standard deviations for the recalculated point coordinates of the GPS campaign of October 1994,
in WGS84, ITRF96, Epoch1998.0 are in the range under of 10 ¢m. Standard deviations for the 2-D
transformation parameters (19 common points) between the coordinates in the local reference
ALB1986 (Gauss-Kruger projection) and the reference WGS84, ITRF96, Epoch1998.0 (UTM-34N
projection) have resulted (Greening and Barnes, April 1998):

e 4-Parametric linear Helmert: 6o==+ 0.155 m, | \% | max = 0.342 m.
e Polynomial transformation: co== 0.113 m, | v | max = (0.288 m.

For the transformation of the GPS ellipsoidal height differences (Ah) referred to WGS84 into so called
orthometric height differences (AH), it is recommended to perform according to the equation:
AH=Ah-AN, AN is calculated referring to the geoidal model EGM96, but not knowing the difference
between the vertical reference data of Albania and the geoid EGM96 the transformation model is
always recommended to be used in relative sense in plain and hilly areas (Greening and Barnes, April
1998). No information given regarding the accuracy of the transformation of the ellipsoidal heights h
referring to the WGS84 ellipsoid to the so-called orthometric height H.

In the framework of the CRODYN project, on September 1998, the third GPS measurement campaign
carried out by the former ITU (Military Topographic Institute, today MGIA) in cooperation with the
Federal Agency for Cartography and Geodesy of Germany. The purpose of this GPS measurement
campaign was to connect the State Geodetic Network (ALB1986) with the European Reference
System ETRS89 (ETRF1989). After processing, the standard deviations for the point coordinates in
ITRF96, Epokal1998.7 resulted in + 2 mm in plan and £ 6.5 mm in height. For the transformation of
coordinates from the global reference ITRF96 to the European reference ETRS89, the 7-Parameters
are (EUREF Publication No. 8, 1999):

Tx=4.1 cm, Ty =4.1 cm, Tz =-4.9 cm, D=10® ppm,
Rx =0.20" (0.0012"/year), Ry = 0.50" (0.0012"/year), Rz =-0.65" (0.0012"/year)

where, (Tx,Ty,Tz) are the transformation parameters from ITRF96 to ETRS89, (Rx,Ry,Rz) are the
rotation parameters from ITRF96 to ETRS89.

In the period autumn 2007 - spring 2008, the fourth GNSS measurement campaign is carried out by
IGUS (Military Geographical Institute of Albania) in cooperation with the Military Geographical
Institute of Florence (IGUF), Italy. The aim was to find the transformation parameters from the
European reference system (ETRF2000, Epoch 2008) to local (ALB1986). GNSS surveys were carried
out at approximately 150 points in the state triangulation and leveling networks (Fig. 1). Once the
coordinates of the points are calculated in ITRF2005, then transformed into ETRF2000, Epoch2008.0
(Maseroli, January 2010).
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Figure 1. Scheme of the points measured autumn 2007 - spring 2008 (Maseroli, January 2010)

Based on the evaluation of the differences (A(oz (PALB1986 — (PETRF2000, A= AnLB1986 — lETRFZOOO), with the
help of a "pseudo-interpolation™ algorithm, an approximate correlation surface was calculated through
a horizontal least squares regression model:

aX;i + bYj+c=Z7

Interpolating the residuals vi = Z; - (aXi + bY; + ¢) with the minimum curvature algorithm via the
function: g(X;Yi) = vi produced the residuals w;:

Wi =V - g(Xi,Yi) = Zi - f(xi;Yi)
and
f(X,Y) = aX; + bY; +c+g(X,Y)

Function g called "Spline in tension" has come out as an approximate solution of the biharmonic
differential equation:

(1-0)V2(V2g-AV2g-=0
(A is the distortion parameter of an elastic surface in tension).

The coordinates for the measured points - not vertices of the respective grids (Ap,AL) are calculated
according to the relations:

QALB1986 = PETRF2000 T A(pETRFZODO—ALBl986, AAL31986 = AETRFZOOO + AAETRFZOOO—ALBlQ&'S

or

WeTRF2000 = PALB1986 T A(PAL31986 — ETRF2000, AETRFZOOO = AAL31986 + AAAL31986 — ETRF2000
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The transformation of the positions (N,E) referred ETRS89, ETRF2000, Epoch2008.0 into the
reference ALB1986 is realized through the program ALBACO or 7-P Helmert, calculated based on 90
common points (Table 1):

Table 1. 7-P Helmert for the transformation of (N,E)errsss, eTrr2000, 2008.0 t0 (N,E)aLs1986
Tx (m) Ty (m) Tz (m) S (ppm) Rx (") Ry (") Rz (")
44.183 0.58 38.489 8.2703 2.3867 2.7072 -3.5196

but the accuracy of the transformation from ETRS89, ETRF2000, Epoch2008.0 to ALB1986 through 7-P
Helmert has resulted: oo= 18 cm (with confidence level of 68%) and oo = 40 cm (with confidence level
of 85%).

2. MATERIALS AND METHODS

2.1 The linear interpolation polynomial proposed

Department of Geodesy of the Faculty of Civil Engineering for the transformation of coordinates from
ETRF2000 to ALB1986, has proposed linear equations of Helmert transformation of the form (Nurge,
2013):

Naress = No + p* Netrr2000- q * Eetrr2000 + 1 QD

EaLess = Eo + q° Netrr2ooo+ p- Eetrr2000 + S 2

or in vector form:

|:NALB86} — |:NO :| + {p _q:| . {NETRFZOOO } + |:r:| (3)
EALBSG EO q p EETRFZOOO S
with: No = 4551000, E = 416800, coefficients p = 1.000408598, q = 3.11103E-07, r = 1952.142887,

$=97.55894084.

For the transition from ETRF2000 to ALB86, we also used transforming polynomials of the form
(Nurée, 2013):

NavLgioss = NeTrRr000 + (82t n- ast e ast q- as-p-as)  (4)
EaLs19ss = EeTrr2000 + (A1t € a3 - n- ast+ p- as- q- ap) (5)

or in vector form:

a

N N 0 1 n e —- || a
{ AL81986:| _ { ETRF2000 } —i{ q p} 2 6)

Ealsioss Ecrre2000 1 0e —n p —qj:
Ch

with: n = 10 - Netrr2o00, € = 10 - Eetrr2000, P =€%—N%, q=2-e- n, a; = -33.94098357, a, =
86.36090734, as = 40.95349125, as = 1.718666252, as = -0.019183782, as = 0.001022946.

3. RESULTS

3.1 GNSS Field Survey

For the real control of the transformation model treated above, static GNSS measurements performed,
in four different areas (Fig. 2), at the points referred ALB1986, which not used to derive the
transformation models in plan and height during the autumn 2007-spring 2008 GNSS campaign.
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Figure 2. Test areas of transformation models of (N,E) (illustrated by Google.com)

Tables 2, 3, 4, 5, 6 give the 3-D coordinates (p,4,/4) and (N,E,h) in the reference ETRF2000,
Epoch2021.5, respectively for the areas: (a) Berat, ( b) Tepelena, (c) Shkodra, (d) Tirana and (e)
Kukes-Peshkopi.

TABLE 2. COORDINATES OF POINTS (@, A, H) MEASURED IN THE BERAT AREA (ETRF2000, EPOCH2021.5)

Point | Catalogue (GRS80 AGRS80 N(UTM) E(UTM) hassso (M)
No. No. (dd.mmssssss) | (dd.mmssssss) (m) (m)
1 124102 40.20143351 19.58410227 | 4465698.118 | 413197.659 | 396.109
2 12495 40.22195190 19.59384661 | 4469542.423 | 414596.896 351.93
3 12494 40.22220782 19.56300923 | 4469673.174 | 410155.525 | 498.424
4 12488 40.24025350 19.57356906 | 4472752.258 | 411738.915 | 709.341
5 12574 40.25122421 19.59560811 | 4474863.366 | 415072.611 | 632.069
6 12477 40.26345737 19.55393890 | 4477472.939 | 409054.295 | 842.152
7 12471 40.28008705 19.57466647 | 4480097.995 | 412083.878 | 736.033
12470 40.28016748 19.55003796 | 4480169.824 | 408168.270 | 896.533
9 12563 40.29100403 20.01017197 | 4482178.214 | 416701.043 | 884.696
10 12461 40.30118997 19.55355413 | 4484175.072 | 409045.153 | 950.894
11 12453 40.31524148 19.5522422 4487278.143 | 408774.225 | 1029.756
12 12450 40.32371241 19.5942460 | 4488584.478 | 414907.823 | 910.296
13 12448 40.34081603 19.57019816 | 4491435.518 | 411166.401 | 750.701
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14 12522 40.34333564 20.01065042 | 4492146.143 | 416924.677 | 935.317
15 12431 40.36394722 19.54435582 | 4496140.653 | 407969.200 | 988.542
16 12423 40.38469466 19.58102194 | 4500012.850 | 412871.565 | 656.799
17 11298 40.42276650 19.56427155 | 4506843.073 | 410898.076 | 276.159

TABLE 3. COORDINATES OF POINTS (®, A, H) MEASURED IN THE TEPELENA AREA (ETRF2000,

EPOCH2021.5)

Point | Catalogue (PGRSS0 AGRs80 N(UTM) E(UTM) harsso ()
No. No. (dd.mmssssss) | (dd.mmssssss) (m) (m)

1 12444 40.34597428 19.42581380 | 4493288.856 | 391347.586 | 638.864
2 13745 40.12439585 20.21571331 | 4451503.764 | 446038.629 | 613.000
3 518 39.58092635 20.17556353 | 4424578.555 | 440117.606 | 644.893
4 576 39.44244274 20.16120659 | 4399168.328 | 437453.094 | 492.205
5 535 4155478862 | 20.00103364 | 4642481.469 | 417329.229 | 318.906
6 566 42.14025747 19.42169868 | 4676575.013 | 393120.968 | 393.313
7 631 40.40259895 20.56068384 | 4502558.360 | 494526.228 | 887.526
8 1103 41.37583967 20.12510392 | 4609315.714 | 434547.091 | 851.367

TABLE 4. COORDINATES OF POINTS (®, A, H) MEASURED IN THE SHKODRA AREA (ETRF2000,

EPOCH2021.5)

Point | Catalogue (PGRS80 AGRs80 N(UTM) E(UTM) hassso ()
No. No. (dd.mmssssss) | (dd.mmssssss) (m) (m)
1 6343 42.00130142 19.22569567 | 4651443.067 | 366047.193 | 72.0951
2 6344 42.00400046 19.25089825 | 4652218.780 | 369099.761 | 75.2734
3 6407 42.04096554 19.36315503 | 4658412.345 | 384905.152 | 254.583
4 6440 42.03019511 19.33504968 | 4656385.359 | 381168.975 | 180.236
5 6447 42.00391688 19.32222729 | 4652015.927 | 379065.759 | 90.7896
6 6592 42.0437555 20.24554509 | 4658501.777 | 451643.469 | 413.698

TABLE 5. COORDINATES OF POINTS (@, A, H) MEASURED IN THE TIRANA AREA (ETRF2000,

EPOCH2021.5)

Point | Catalogue PGRs80 AGRrsso N(UTM) E(UTM) h (m)
No. No. (dd.mmssssss) | (dd.mmssssss) (m) (m) GRS80
1 1000 41.20042123 19.49366521 | 4576554.990 | 401835.713 | 177.1826
2 8884 41.21476314 19.48571265 | 4579756.784 | 400960.544 | 215.243

41




INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCES | PROCEEDINGS BOOK

3 8879 41.22161222 19.50509873 | 4580599.753 | 403617.604 | 342.7391
4 10027 41.19120288 19.51258525 | 4574911.843 | 404352.729 | 268.6779
5 10037 41.17120855 19.5350246 | 4571169.550 | 407662.706 | 351.9794
6 8886 41.20390470 19.42346694 | 4577768.539 | 392043.246 | 267.9903
7 8814 41.21385236 19.46261848 | 4579524.660 | 397449.672 | 136.1983
8 8884 41.21476249 19.48571236 | 4579756.584 | 400960.474 | 215.546
9 8922 41.37274472 20.01555257 | 4608515.453 | 419369.782 | 324.88
10 8962 41.29270702 20.26248679 | 4593399.933 | 453274.305 | 871.428

TABLE 6. COORDINATES OF POINTS (®, A, H) MEASURED IN THE KUKES-PESHKOPI AREA

(ETRF2000, EPOCH2021.777)

Point | Catalogue (PGRS80 AGRs80 N(UTM) E(UTM) hassso (M)
No. No. (dd.mmssssss) | (dd.mmssssss) (m) (m)
1 65106 42.02292099 20.22005952 | 4654571.978 | 447596.463 | 869.624
2 7719 41.58167456 20.23482109 | 4646767.706 | 450015.691 | 819.813
3 7733 4153288717 20.1926822 | 4637934.238 | 443929.738 | 669.522
4 7734 41.55294012 20.21382178 | 4641628.290 | 446985.351 | 583.533
5 7737 41.53384292 20.21579048 | 4638202.429 | 447413.491 | 1144.176
6 7756 41.49196705 20.20044801 | 4630241.891 | 444737.974 | 912.250
7 7760 41.47490996 20.22137399 | 4627426.163 | 447699.410 | 887.960
8 7770 41.44374641 20.23238213 | 4621504.406 | 449274.831 | 817.818
9 7771 41.43580008 20.20032361 | 4620321.695 | 444632.474 | 556.490
10 7781 41.42500931 20.22502804 | 4618198.606 | 448476.306 | 592.972
11 7782 4142217782 20.20363187 | 4617348.310 | 445374.084 | 502.141
12 7784 41.40509803 20.20573127 | 4614544.426 | 445838.114 | 557.267
13 7785 41.41244900 20.22236531 | 4615563.063 | 447841.794 | 544.573
14 8835 41.34094302 19.46120220 | 4602686.786 | 397449.838 | 799.953
15 8836 41.33492833 19.43366496 | 4602117.622 | 393842.246 | 308.562
16 8899 41.34045815 19.59156193 | 4602301.592 | 415596.132 | 477.140
17 88105 41.37320238 19.59151338 | 4608699.195 | 415659.948 | 340.523
18 8903 41.35133251 20.28153169 | 4604061.964 | 455900.730 | 614.967
19 8921 41.37288672 20.10152014 | 4608438.782 | 430932.727 | 1068.836
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20 8922 41.37274471 20.01555250 | 4608515.439 | 419369.764 | 325.000

21 8927 41.37124013 20.26198684 | 4607751.081 | 453251.612 | 752.754

22 8929 41.35421878 20.02560716 | 4605253.683 | 420735.033 | 378.156

23 8937 41.35093003 20.26426158 | 4603951.317 | 453753.608 | 608.840

3.2 Comparison between coordinates of different kinds

In the Tables 7, 8, 9, 10, 11 given the transformed 2-D coordinates (N,E) referred ETRF2000,
Epoch2021.5 into ALB1986 provided through 3 transformation models: (1) ALBACO developed by
IGUF, (2) 4-P Helmert and (3) Polynomial, as well as the corresponding quadratic mean deviations for
the areas: (a) Berat, (b) Tepelena, (c) Shkodra, (d) Tirana and (e) Kukes-Peshkopi.
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TABLE 7. TRANSFORMED 2-D COORDINATES (N,E) REFERRED ETRF2000, EPOCH2021.5 INTO ALB1986 FOR THE BERAT

Point | N(ALB1986) | E(ALB1986) ALBACO 4-P Helmert Polynomial
No. N(ALB1986); | E(ALB1986); | N(ALB1986), | E(ALB1986), | N(ALB1986); | E(ALB1986)s
1 4467615.67 413293.39 4467615.299 413293.733 4467615.403 413293.718 4467615.384 413293.7311
2 4471461.40 414693.18 4471461.193 414693.514 4471461.277 414693.529 4471461.261 414693.5371
3 4471592.21 410250.10 4471592.013 410250.338 4471592.083 410250.343 4471592.065 410250.3583
4 4474672.49 411834.13 4474672.364 411834.346 4474672.425 411834.381 4474672.408 411834.3924
5 4476783.96 415168.60 4476784.345 415169.378 4476784.394 415169.439 4476784.379 415169.4451
6 4479395.23 409148.67 4479395.000 409148.601 4479395.036 409148.665 4479395.02 409148.6792
7 4482021.35 412179.30 4482021.136 412179.388 4482021.163 412179.487 4482021.149 412179.4951
8 4482093.04 408262.22 4482092.995 408262.194 4482093.023 408262.279 4482093.007 408262.2933
9 4484101.96 416797.79 4484102.229 416798.407 4484102.23 416798.539 4484102.218 416798.5392
10 4486099.87 409139.39 4486099.889 409139.399 4486099.907 409139.522 4486099.893 409139.5329
11 4489204.29 408868.11 4489204.23 408868.34 4489204.247 408868.484 4489204.233 408868.4944
12 4490511.10 415004.18 4490511.122 415004.41 4490511.113 415004.588 4490511.101 415004.5889
13 4493363.35 411261.29 4493363.306 411261.459 4493363.32 411261.639 4493363.307 411261.6439
14 4494074.19 417021.90 4494074.264 417022.056 4494074.232 417022.268 4494074.222 417022.2637
15 | 4498070.39 | 408062.87 | 4498070.347 408062.953 4498070.377 408063.133 4498070.367 408063.1414
16 4501944.13 412967.19 4501944.123 412967.283 4501944.155 412967.502 4501944.146 412967.5018
17 4508777.07 410993.07 4508777.091 410993.011 4508777.169 410993.209 4508777.162 410993.2095

5o(N)=0.183 m | co(E)= 0.298 m

6o(N)=0.164 m | co(E)= 0.377 m

6o(N)=0.167 m | co(E)=0.382m
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The errors of the transformed 2-D coordinates (N,E) referred ETRF2000, Epoch2021.5 into ALB1986 provided through 3- transformation models:
(1) ALBACO developed by IGUF, (2) 4-P Helmert and (3) Polynomial for the Berat area are respectively:

ALBACO 4-P Helmert Polynomial
dN dE dN dE dN dE
0+10.0 cm 59.0% 41.5 53.0 12.0 59.0 12.0
+20.0 cm 82.5% 59.0 82,5 29.5 82.5 29.5
+30.0cm 88.5% 82.5 115 59.5 94.1 76.5
>30.0cm 11.5% 17.5 5.9 41.5 5.9 23.5

TABLE 8. TRANSFORMED 2-D COORDINATES (N,E) REFERRED ETRF2000, EPOCH2021.5 INTO ALB1986 FOR TEPELENA

Point ALBACO 4-P Helmert Polynomial
N N(ALB1986) E(ALB1986)

0. N(ALB1986): | E(ALB1986)1 | N(ALB1986), | E(ALB1986), | N(ALB1986); | E(ALB1986);

1 4495217.390 391434.690 4495217.393 391434.684 4495217.426 391434.727 4495217.406 391434.7611

2 4453415.221 446148.201 4453415.216 446148.197 4453415.244 446148.104 4453415.227 446148.0689

3 4426479.240 440223.050 4426479.053 440224.876 4426479.035 440224.653 4426479.012 440224.6433

4 4401057.500 437559.480 4401058.524 437559.503 4401058.426 437559.045 4401058.398 437559.056
00=0.520 m 0o= 0913 m co=0.475m oo=0.832 m oo=0.463 m oo=0.828 m

The errors of the transformed 2-D coordinates (N,E) referred ETRF2000, Epoch2021.5 into ALB1986 provided through 3- transformation models:
(1) ALBACO developed by IGUF, (2) 4-P Helmert and (3) Polynomial for the Tepelena are respectively:
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ALBACO 4-P Helmert Polynomial
dN dE dN dE dN dE
0+10.0 cm 50% 75 50 50 50 50
+20.0 cm 5% 75 75 50 75 75
+30.0cm 75% 75 75 50 75 75
>30.0 cm 25% 25 25 50 25 25

TABLE 9. TRANSFORMED 2-D COORDINATES (N,E) REFERRED ETRF2000, EPOCH2021.5 INTO ALB1986 FOR THE SHKODRA

Point ALBACO 4-P Helmert Polynomial
No. | N(ALB1986) | E(ALB1986)

N(ALB1986); | E(ALB1986); | N(ALB1986), | E(ALB1986); | N(ALB1986); | E(ALB1986)s

1 4653436.22 366124.59 4653436.307 366124.252 4653436.267 366124.046 4653436.316 366124.1107

2 4654212.26 369178.36 4654212.371 369178.051 4654212.296 369177.861 4654212.344 369177.922

3 4658380.12 381252.12 4658380.455 381252.149 4658380.573 381252.008 4658380.618 | 381252.0524
4 4654008.41 379148 4654009.316 379148.103 4654009.357 379147.931 4654009.4 379147.9776
5 4660497.63 451755.24 4660497.639 451755.244 4660497.834 451755.298 4660497.848 451755.2297
60=0.437 m co=0.210 m Go=0.479 m co=0.336 m co=0.508 m co=0.292 m

The errors of the transformed 2-D coordinates (N,E) referred ETRF2000, Epoch2021.5 into ALB1986 provided through 3- transformation models:
(1) ALBACO developed by IGUF, (2) 4-P Helmert and (3) Polynomial for the Shkodra area are respectively:

ALBACO

4-P Helmert

Polynomial
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dN dE dN dE dN dE
0+10.0 cm 60% 60 40 60 40 60
+20.0 cm 60% 80 60 60 60 60
+30.0cm 80% 100 60 60 60 60
>30.0cm 20% 00 40 40 40 40

TABLE 10. TRANSFORMED 2-D COORDINATES (N,E) REFERRED ETRF2000, EPOCH2021.5 INTO ALB1986 FOR THE TIRANA

Point ALBACO 4-P Helmert Polynomial
No. | N(ALB1986) | E(ALB1986)
N(ALB1986); | E(ALB1986); | N(ALB1986), | E(ALB1986), | N(ALB1986); | E(ALB1986);
1 4578517.411 401926.891 4578517.663 401926.991 4578517.579 401927.166 4578517.588 401927.1683
2 4581720.58 401051.4 4581720.78 401051.471 4581720.682 401051.64 4581720.691 401051.644
3 4582563.88 403709.59 4582564.096 403709.623 4582563.994 403709.786 4582564.004 403709.7858
4 4576873.5 404444.95 4576873.849 404445.06 4576873.76 404445.209 4576873.768 404445.2084
5 4573129.81 407756.25 4573130.041 407756.438 4573129.937 407756.538 4573129.943 407756.5317
6 4579731.49 392130.47 4579731.732 392130.533 4579731.627 392130.698 4579731.637 392130.7154
4581488.43 397539.02 4581488.569 | 397539.17 4581488.464 | 397539.333 4581488.474 | 397539.3428
4581720.58 401051.4 4581720.58 401051.401 4581720.482 401051.57 4581720.491 401051.574
9 4610491.16 419468.25 4610491.165 419468.254 4610491.096 419468.409 4610491.11 419468.3851
10 | 4595369.64 453386.46 4595369.645 453386.477 4595369.389 453386.78 4595369.392 453386.6989
60=0.201 m co=0.095 m co=0.152 m co=0.251m co=0.156 m co=0.243 m
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The errors of the transformed 2-D coordinates (N,E) referred ETRF2000, Epoch2021.5 into ALB1986 provided through 3- transformation models:
(1) ALBACO developed by IGUF, (2) 4-P Helmert and (3) Polynomial for the Tirana area are respectively:

ALBACO 4-P Helmert Polynomial
dN dE dN dE dN dE
0+10.0 cm 30% 80 70 00 50 00
+20.0 cm 60% 100 80 40 80 30
+30.0 cm 90% 00 100 100 100 100
>30.0cm 10% 00 00 00 00 00

TABLE 11. TRANSFORMED 2-D COORDINATES (N,E) REFERRED ETRF2000, EPOCH2021.5 INTO ALB1986 FOR THE KUKES-PESHKOPI

Point ALBACO 4-P Helmert Polynomial
No. | N(ALB1986) | E(ALB1986)

N(ALB1986); | E(ALB1986); | N(ALB1986), | E(ALB1986), | N(ALB1986); | E(ALB1986)s
1 4656566.350 447706.500 4656566.272 447706.613 4656566.431 447706.638 4656566.445 447706.5749
2 4648758.740 450126.700 4648758.885 450126.749 4648758.969 450126.852 4648758.981 450126.7828
3 4639921.770 444038.170 4639921.765 444038.226 4639921.894 444038.409 4639921.907 444038.3489
4 4643617.390 447095.820 4643617.352 447095.109 4643617.454 447095.272 4643617.467 447095.2071
5 4640190.990 447523.390 4640190.103 447523.371 4640190.193 447523.586 4640190.205 447523.5195
6 4632226.300 444846.740 4632226.306 444846.725 4632226.403 444846.973 4632226.415 444846.9099
7 4629409.370 447809.250 4629409.458 447809.345 4629409.524 447809.618 4629409.534 447809.5495
8 4623485.430 449385.310 4623485.43 449385.31 4623485.347 449385.681 4623485.355 449385.6088
9 4622302.220 444741.080 4622302.209 444741.096 4622302.154 444741.427 4622302.164 444741.3624
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10 4620178.280 448586.360 4620178.371 448586.403 4620178.196 448586.829 4620178.205 448586.7574
11 4619327.610 445482.420 4619327.689 445482.962 4619327.554 445483.339 4619327.563 445483.2728
12 4616522.160 445947.200 4616522.707 445947.158 4616522.524 445947.558 4616522.532 445947.4904
13 4617541.730 447951.580 4617541.783 447951.622 4617541.577 447952.057 4617541.585 447951.9861
14 4604660.340 397539.510 4604660.273 397539.554 4604660.054 397539.507 4604660.072 397539.5168
15 4604090.880 393930.390 4604090.832 393930.447 4604090.659 393930.44 4604090.678 393930.456
16 4604274.700 415693.160 4604274.841 415693.103 4604274.697 415693.215 4604274.711 415693.1968
17 4610674.870 415756.970 4610675.016 415756.933 4610674.914 415757.059 4610674.930 415757.0413
18 4606036.040 456013.870 4606036.083 456013.849 4606035.776 456014.282 4606035.780 456014.1963
19 4610414.420 431036.000 4610414.476 431035.906 4610414.39 431036.078 4610414.401 431036.0357
20 4610491.160 419468.250 4610491.162 419468.237 4610491.082 419468.391 4610491.096 419468.3671
21 4609726.510 453363.720 4609726.710 453363.617 4609726.401 453364.083 4609726.406 453364.0019
22 4607228.120 420834.020 4607228.091 420834.06 4607227.993 420834.217 4607228.006 420834.1904
23 4605925.280 453865.890 4605925.382 453865.849 4605925.084 453866.283 4605925.089 453866.2007

60=0.233 m o= 0.194 m co=0.229 m co=0.351m o= 0.226 m co=0.309 m

The errors of the transformed 2-D coordinates (N,E) referred ETRF2000, Epoch2021.5 into ALB1986 provided through 3- transformation models:

(1) ALBACO developed by IGUF, (2) 4-P Helmert and (3) Polynomial for the Kukes-Peshkopi are respectively:

ALBACO

4-P Helmert

Polynomial

dN

dE

dN

dE

dN

dE
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0+10.0 cm 74% 915 56.5 21.7 56.5 34.8
+20.0 cm 91.5% 8.5 915 43.5 915 56.5
+30.0cm 91.5% 8.5 95.7 56.5 95.7 915
>30.0cm 8.5% 8.5 4.3 43.5 4.3 8.5
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4. CONCLUSION

1. Based on the mean square deviations of the three coordinates transformation models, we conclude
that the ALBACO model developed by MGIF and the 4-P Helmert model proposed by the
Department of Geodesy give almost the same results.

2. The errors of the transformed 2-D coordinates (N,E) referred ETRF2000, Epoch2021.5 into
ALB1986 of test points in the areas (a) Berat, (b) Tepelena, (¢) Shkoder, (d) Tirana and () Kukés-
Peshkopi have resulted: up to 20 cm (with 80% confidence level), while up to 40 cm (with 95%
confidence level).

3. Three models of the transformed 2-D coordinates (N,E) referred ETRF2000, Epoch2021.5 into
ALB1986, which are not officially approved recommended to be used for the topographic mapping
of the territory of Albania up to a scale of 1: 5000.

4. Three models of the transformed 2-D coordinates (N,E) referred ETRF2000, Epoch2021.5 into
ALB1986 can be improved if we will perform additional measurements in existing points of the
horizontal control network referred ALB1986.
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Abstract

Since 1868 onwards, different institutes (Military Geographical Institute of Vienna, Austria; Military
Geographical Institute of Florence, Italy; CNIGA-IK Moscow Institute; former Military Topographic
Institute of Albania) have been built different geodetic bases for supporting of the mapping of the
Albanian territory in different scales (1: 75000/ 50000/ 25000/ 10000/ 5000) in different projections.
Especially, since 1948, all cartographic and numerical information with great practical and study value
based on the classical Albanian coordinate reference ALB86. After the 1990’s, cartographic information
(Orthophotos, vector maps, cadastral maps, etc.) were based on global (ITRFxx) or European (ETRFyy)
references. In different countries the large-scale topographic maps in the different projections for various
engineering projects recommended. Aim of this study is to analyze and show the most appropriate
cartographic projection for Albania's conditions.

Keywords: Cartographic projection, ellipsoid, distortion scale factor, TM/UTM/TMzn projection.
1. INTRODUCTION

In order to present a 3-dimensional object on a plane, (ie on paper) we must project the object by means
of a geometric body which can lie on the plane. As is mentioned earlier, the Albanian coordinate
reference based on the Krassowsky-1940 ellipsoid, Gauss-Kriiger transverse conformal cylindrical
projection (TM), central meridian Ao = 21°, Distortion scale factor at the Central Meridian ko = 1 (Fig.

1).

reference ellipsoid

llor}hlr)g >

easting—>

_{ cylinder
a

central meridian

Figure 1. Gauss-Kriiger transverse conformal cylindrical projection

(https://www.researchgate.net/profile/Fabian-Gross, December 2020)
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Projections used to accurately present the most important characteristics of the topographic terrain or a
certain phenomenon. Map projections have the following features (Shehu, 1989):

1) Conformal projections preserve the similarity of objects during projection.

2) Equivalent projections keep surfaces undistorted and the same degree of distortion, all
directions.

3) Equidistant projections where distances preserve magnitudes.
4) Azimuthal projections that preserve some of the arcs of great circles undeformed.

Several Cartographic projections are used to create topographic maps. In order to have a projection as
appropriate as possible for topographic maps, the following requirements must be taken into account:

- The condition of conformity (similarity), ie the projection must be conformal.

- The condition of the position/orientation of the territory.

- Allowed size of distortions to support topographic plans of large scales (1 : 5 000 to 1 : 1000).
- The accuracy of calculation of distortions (on point, on distance, on surface).

The allowed value of distortions is the most important indicator of choosing the most appropriate
projection for mapping a territory, as well as the distortions should be within the allowed values in
accordance with the graphic (theorical) accuracy of the topographic maps (plans) of the largest scale.
Stated differently, projection distortions should not impair the accuracy of field measurements that
determine the position of points. In order to fulfill these two important requirements, it is maneuvered
with the choice of two projection parameters on which the value of the distortions depends:

- Selection of the central meridian of the rectangular coordinate area projected (o),
- Selection of the distortion scale factor at the Central Meridian (ko).

The selection and final determination of the above parameters is carried out by computational attempts,
until the minimum of distortions is reached for the largest mapping scale, which is usually accepted 1:1
000. According to the allowed graphic accuracy (0.2 mm), the distortions of the point positions are as
follows: 0.2 m, 0.5 mand 1 m respectively for the scales 1 : 1 000, 1 : 2500 and 1 : 5 000.

According to the recommendations of the INSPIRE directive (DIRECTIVE 2007/2/E), the accuracy in
the planimetric position at the contour points on the cadastral plans should not exceed mp= 0.4 m.

Projection distortions (o) must be at least 10 times smaller than the allowed accuracy in the position of
contour points, ie they must not exceed the value:

op = mMp/10 = 0.4/10 = 0.04 m

and, the distortion of a length L = 1000 m should not exceed the size:

my = op X \/E =0.04 x 1.414 = 0.056 mm or 56 ppm.

2. MATERIALS AND METHODS

The central meridian Ao =21° (of classical reference ALB1986) is positioned in the easternmost extreme
of Albania, leaving over 99.7% of the country's territory to its west, while the central meridian 4o =20°
(of modern reference) divides it almost in half. In the case of the central meridian 21°, the coastal area
has the largest projection distortions. The distortions of this surface affect the accuracy of the
topographic plans of large scales, which are necessary for the development of the touristic, economic
infrastructure and the cadastral system. We emphasize that in the period 1927-1939, MGIF has chosen
Jo = 20°as the central meridian of the projection for the Albanian territory to support the mapping of the
country even on large scales (1:5 000, 1:2 000, 1:1 000).
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So, that the projection distortions do not exceed the graphic accuracy of large scales, it is necessary to
re-define the existing projection parameters, re-selecting the central meridian, the scale factor of
distortion in this meridian, as well as the ellipsoid. In the following, the distortions at the point positions,
length and surface referred the central meridians (1o = 21°, and 4o = 20°), the scale factors of distortion
in the central meridian (ko =1, and ko =0.99996) and the ellipsoids (Krassowsky-1940 and GRS80) are
calculated.

2.1 Calculation of the scale factor distortion (k) in the points projection
Based on Mathematical Geodesy (Skuka, 2018), the point distortion (k) calculated according to the
geodesic coordinates (¢,A) and (x,y) of the projection. In terms of the geodetic coordinates (¢,A), the
point scale factor k is given by:

2 |4 IG

k =k, +|Ecos2 o(1+n° )+zcos“ o(5—4t +14n* +28t°n* ) +

cos® (61— 148t> + 16t*
220 o( )

1)
where, I= 1 - Jo, t=tg(p), n= e ?cos(p), ko is scale factor in the central meridian.
The point distortions are calculated for the most extreme borders of the Albania territory:

Point Number Point Name ¢ (dd.mmss) A (dd.mmss)
1 Kapshtice 40°.40° 00~ 21°.03’ 257
2 Konispoli (S) 39°.38° 40” 20°.11° 407
3 Sazani 40°.30° 10~ 19°.15” 507
4 Shishtavec (NE) 41°.58° 10~ 20°.37° 307
5 Vermosh (N) 42°.39’ 40~ 19°.43° 25”
6 Shkoder 42°.10° 45~ 19°.17° 00”

In the following, the point distortions referred the central meridians Ao =21°, ko=1 (ALB-1986
reference), Ao =20°, ko=1, ko =0.99996 (new proposal), and the ellipsoids (Krassowsky-1940 and
GRS80) are calculated. The numerical results of the calculations are presented in Tables 1, 2, 3:

Table 1. Distortions at the projected point referred (ellipsoid Krassowsky, TM; Ao =21°; ko =1)

Point Number Point Name k k (ppm)
1 Kapshtice (SE) 1.000000284 0.284
2 Konispoli (S) 1.000058608 58.608
3 Sazani (SW) 1.000265484 265.484
4 Shishtavec (NE) 1.000011841 11.841
5 Vermosh (N) 1.000134205 134.205
6 Shkoder (NW) 1.000246541 246.541

Table 2. Distortions at the projected point referred (Krassowsky, TM; Ao =20°; ko =1),

(GRS80, TM; %o =20°; ko =1), (GRS80, TM; Ao = 20°; ko =0.99996)
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Point Number Point Name k k (ppm)
1 Kapshtice (SE) 1.000097905 97.905
2 Konispoli (S) 1.000003415 3.415
3 Sazani (SW) 1.000047720 47.720
4 Shishtavec (NE) 1.000032891 32.891
5 Vermosh (N) 1.000006292 6.292
6 Shkoder (NW) 1.000042962 42.962

Table 3. Distortions at the projected point referred (Krassowsky, TM; 4o =20°; ko =0.99996)

Point Number Point Name k k (ppm)
1 Kapshtice (SE) 1.000057905 57.905
2 Konispoli (S) 0.999963415 -36.585
3 Sazani (SW) 1.000007720 7.720
4 Shishtavec (NE) 0.999992891 -7.109
5 Vermosh (N) 0.999966292 -33.708
6 Shkoder (NW) 1.000002962 2.962

RESULTS

Changing 1) the Central Meridian (CM) from 21° to 20° and 2) the distortion scale factor from ko =1
to ko =0.99996 gives the following effects on the distortions of the projected points:

Distortions of Kapshtica (S-E extreme) and Shishtavec (N-E extreme) increase respectively from 0
ppm to 98 ppm, as well as from 12 ppm to 33 ppm, while the distortions of Sazani (S-W extreme) and
Shkodra (N-W extreme) decrease 6-times, distortions of Konispoli (S extreme) decrease 17-times and
distortions of Vermosh (N extreme) decrease 21-times.

(Krassowsky, TM; Ao =21°; ko =1) — (GRS80, TM; 4o = 20°; ko =1)
ngter Point Name Dfi;é?;i(()t?rsg:)le Gradient
1 Kapshtice (SE) - -

2 Konispoli (S) -17 l
3 Sazani (SW) -6 l
4 Shishtavec (NE) 3 0
5 Vermosh (N) -21 l
6 Shkoder (NW) -6 l
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2.2 Calculation of the scale factor distortion (k ) in the projected lengths
The projected length distortion is calculated according to the following equation:
L projected = L physical * (1 + (Y?/R%m)) 2
where, Y is the length (km) from the central meridian, calculated to the following equation:

=

) B 120

[ i T o 7 2_? - 6
+—50-10 cos' @-(—61+479r- 179 +17) )

y=Ncos@-l+ Neos*@-(—1+17 —fj::I+ Ncos @-(5-18 +r* —14;;: -5 8:3;;:)+

and, Ry is average radius of curvature (km), at the given point.

In the following, the length distortions referred the central meridians 40 =21°, ko=1 (ALB1986

reference), Ao =20° ko=1, ko=0.99996 (new proposal), and the ellipsoids (Krassowsky-1940 and
GRS80) are calculated, while the changes (physical length-projected length) are presented in the
corresponding Tables 4,5.

Table 4. Changes (physical length-projected length) referred (ellpsoid Krassowsky, TM; 1o =21°; ko

:1)
Point 500 1000 1500 2000 5000 10000
Numb Point Name

umber (m) (m) (m) (m) (m) (m)
1 Kapshtice (SE) 0.000 -0.001 -0.001 -0.001 -0.003 -0.006
2 Konispoli (S) -0.059 -0.118 -0.177 -0.235 -0.588 -1.177
3 Sazani (SW) -0.266 -0.533 -0.799 -1.066 -2.664 -5.328
4 Shishtavec (NE) -0.012 -0.024 -0.036 -0.048 -0.119 -0.238
5 Vermosh (N) -0.135 -0.269 -0.404 -0.539 -1.347 -2.693
6 Shkoder (NW) -0.247 -0.495 -0.742 -0.989 -2.474 -4.947

Table 5. Changes (physical length-projected length) referred

(Krassowsky, TM; 4o = 20°; ko =1), (Krassowsky, TM; 4o =20°; ko =0.99996), (GRS80, TM;

Jo =20"; ko =0.99996), (GRS80, TM:; o= 20°; ko=1)

Point _ 500 1000 | 1500 | 2000 | 5000 | 10000
b Point Name

Number (m) (m) (m) (m) (m) (m)
1 Kapshtice (SE) -0.098 -0.197 -0.295 -0.393 -0.983 -1.965
2 Konispoli (S) -0.003 -0.007 -0.010 -0.014 -0.034 -0.069
3 Sazani (SW) -0.048 -0.096 -0.144 -0.192 -0.479 -0.958
4 Shishtavec (NE) -0.033 -0.066 -0.099 -0.132 -0.330 -0.660
5 Vermosh (N) -0.006 -0.013 -0.019 -0.025 -0.063 -0.126
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6 Shkoder (NW) | -0.043 ‘ -0.086 ‘ -0.129 ‘ -0.172 ‘ -0.431 ‘ -0.862 |

RESULTS

Changing 1) the Central Meridian (CM) from 21° to 20° and 2) the distortion scale factor from k0 =1 to
k0 =0.99996 gives the following effects on the distortions of the projected lengths:

Distortions of Kapshtica (S-E extreme) and Shishtavec (N-E extreme) increase respectively 3-times,
while the distortions of Sazani (S-W extreme) and Shkodra (N-W extreme) decrease 6-times, distortions
of Konispoli (S extreme) decrease 17-times and distortions of Vermosh (N extreme) decrease 21-times.

2.3 Calculation of the scale factor distortion (k) in the projected surfaces
The projected surface distortion is calculated according to the following equation:
A projected = A prysical * (1 + (Y2/2-R%p)) (4)
In the following, the projected surface distortions referred the central meridians 40 =21°, ko=1
(ALB1986 reference), 4o =20°, ko=1, ko =0.99996 (new proposal), and the ellipsoids (Krassowsky-

1940 and GRS80) are calculated, while the changes (physical surface — projected surface) are
presented in the corresponding Tables 6, 7.

Table 6. Changes (physical surface-projected surface) referred (ellpsoid Krassowsky, TM; o =217 ko
:1)

Point 1000 | 2500 | 5000 | 10000 | 50000 | 100000
b Point Name
Number (m?) (m?) (m?) (m?) (m?) (m?)
1 Kapshtice (SE) 0.000 -0.001 -0.001 -0.003 -0.014 -0.029
2 Konispoli (S) -0.059 -0.147 -0.294 -0.588 -2.942 -5.883
3 Sazani (SW) -0.266 -0.666 -1.332 -2.664 -13.321 -26.641
4 Shishtavec (NE) -0.012 -0.030 -0.059 -0.119 -0.594 -1.188
5 Vermosh (N) -0.135 -0.337 -0.673 -1.347 -6.733 -13.466
6 Shkoder (NW) -0.247 -0.618 -1.237 -2.474 -12.368 -24.736

Table 7. Changes (physical surface-projected surface) referred (Krassowsky, TM; 10=20°; ko=1),
(Krassowsky, TM; A0=20°; k¢=0.99996), (GRS80, TM; A;=20°; ko =0.99996), (GRS80, TM; 1=20°;
ko=1)

Point 1000 2500 5000 10000 50000 100000
Numb Point Name
umber (m?) (m?) (m?) (m?) (m?) (m?)
1 Kapshtice (SE) -0.098 -0.246 -0.491 -0.983 -4.913 -9.827
2 Konispoli (S) -0.003 -0.009 -0.017 -0.034 -0.171 -0.343
3 Sazani (SW) -0.048 -0.120 -0.240 -0.479 -2.395 -4.790
4 Shishtavec (NE) -0.033 -0.083 -0.165 -0.330 -1.651 -3.301
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5 Vermosh (N) -0.006 -0.016 -0.032 -0.063 -0.316 -0.631
6 Shkoder (NW) -0.043 -0.108 -0.216 -0.431 -2.156 -4.312
RESULTS

Changing 1) the Central Meridian (CM) from 21° to 20° and 2) the distortion scale factor from ko =1
to ko =0.99996 gives the following effects on the distortions of the projected surfaces:

Distortions of Shishtavec (N-E extreme) increase 3-times, while the distortions of Sazani (S-W
extreme) and Shkodra (N-W extreme) decrease 6-times, distortions of Konispoli (S extreme) decrease
17-times and distortions of Vermosh (N extreme) decrease 21-times.

(Krassowsky, TM; 2o =21°; ko =1) — (GRS80, TM; Ao = 20°; ko =1)
Point Number Point Name a:gg:i?t?n::)le Gradient
1 Kapshtice (SE) - -
2 Konispoli (S) 17 l
3 Sazani (SW) 6 !
4 Shishtavec (NE) 3 0
5 Vermosh (N) 21 l
6 Shkoder (NW) 6 !

4. CONCLUSION

5. From the above calculated values of the distortions it can be seen that changing the Central Meridian
(CM) from 21° to 20° and the distortion scale factor from Ko =1 to ko =0.99996 gives the reduction
of the projected points/ lengths/ surfaces distortions, that are within the graphic (therorical)
accuracies of topographic plans of large scales up to 1:1 000.

6. The new projection (1o =20°, ko=0.99996) proposed, becomes a secant/cut-off projection compared
to the old projection, which is tangential.

The new false origin of the coordinates is proposed to be as follows:

Northern False orthogonal origin (FN): 0.000 m,
Eastern False orthogonal origin (FE): 200 000.000 m
7. The final definition of the new coordinate coordinate reference is proposed to be as follows:
Ellipsoid: GRS80,
Northern ellipsoidal origin (¢o): @o=0°,
Eastern ellipsoidal origin (Ao): Ao =20°,
Projection: Transversal i Merkatorit zonal (TMzn),

Northern False orthogonal origin (FN): 0.000 m,
Eastern False orthogonal origin (FE): 200 000.000 m,
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Distortion scale factor in Central Meridian: ko = 0.99996.

8. The new projection (1o = 21°, ko=1) is recommended as a coordinate reference for the mapping
of our territory for scales 1:5,000 and larger, while the old projection may remain in use for
mapping at scales of 1:10,000 and smaller.
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Abstract

The validity of the assumptions about the tests should be controlled by looking at the explanatory
statistics of the analyzed data to choose the tests to be applied while performing the statistical analysis,
that is, to determine which of the parametric or non-parametric tests will be used. Parametric tests are
applied by providing some assumptions about the parameters of the population from which the sample
is drawn. The most important of these assumptions are; It can be stated that the populations from which
the samples are drawn show normal distribution, the populations from which the samples are drawn
have the same variances, the observations in the samples are independent of each other, and the
dependent variables are quantitative (scalar) at least on the interval scale. In cases where at least one of
the assumptions about parametric tests can not be met, non-parametric tests are used. Several procedures
need to be done to understand whether the assumptions about parametric and non-parametric statistical
methods are valid. These; examining descriptive statistics, making a visual assessment, and statistical
tests.

In this study, the above-mentioned processes will be introduced to control the assumptions of parametric
and non-parametric data, and the application will be made on a data set in R, which is a powerful, free
and open-source software environment for statistical calculation and graph-based analysis, and the
analysis results will be evaluated.

Keywords: Parametric, Non-parametric, Assumption control, Statistical calculation, R

1. INTRODUCTION

Although it is necessary to examine the explanatory statistics of the analyzed data and to control the
assumptions to determine whether parametric or non-parametric tests will be applied in statistical
analyzes, assumption control is ignored in most of the studies (Yu, 2013). These assumptions are: The
populations from which the samples are drawn should show normal distribution, the populations from
which the samples are drawn should have the same variances, the units/observations in the samples
should be independent of each other, the dependent variables should be quantitative variables at least on
the interval scale. Non-parametric statistics are statistical methods and techniques applied when one or
more assumptions about parametric tests can not be met. Non-parametric tests do not require the
distribution of variables or measurement scales, as they are studied sequentially, not with the original
observation values themselves. Of the above assumptions, normality is one of the most important in
deciding whether to use parametric or non-parametric tests in statistical analysis. For normally
distributed variables, there is no right or left skewness as the observations are symmetrically distributed
around the mean. Nonparametric methods are easier, simpler, and faster than parametric methods. They
are more powerful than parametric methods in cases where assumptions can not be met (Bradley, 1960).
Here are the steps to understand whether the assumptions about parametric and non-parametric statistical
methods are valid: visual assessment, examining descriptive statistics, and statistical tests.
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2. MATERIALS AND METHODS

To control the assumptions of parametric and non-parametric data, statistical calculations and
evaluations were made through applications on a randomly generated parametric and non-parametric
data set in R, a powerful, free, and open-source software environment. These applications are; data
visualization (through Histogram, Box-Plot, and Q-Q Graphs ), descriptive statistics, and statistical tests.
For normality testing, the “shapiro.test” function in the basic “stats” package is used in R. The “ad.test
“ function in the “nortest” package and the Anderson-Darling test gives similar results when applied to
the same data. One of the tests used for this purpose is the Levene test. It is run with the “leveneTest”
function in the “car” package (Fox & Weisberg, 2018) in R. By using the “bartlett.test” in the “stats”
package in R, the homogeneity of variances can be checked using the Bartlett K-square test. Lastly, the
“durbinWatsonTest” from the car package was run for a linear regression model in R.

3. RESULTS
The table below contains two birth weight data from two different groups.

Table 1. Data for Birth Weight 1 and Birth Weight 2

Birth Weight_1 Group Birth Weight_2 Group
4.2 A 3.0 A
33 A 2.5 A
3.0 A 2.8 A
2.4 A 4.7 A
3.7 A 2.7 A
2.9 A 3.9 A
3.8 A 13.3 A
4.0 A 4.0 A
3.6 A 12.1 A
3.2 A 14.3 A
2.9 B 10.8 B
3.1 B 8.1 B
2.6 B 7.3 B
3.2 B 5.2 B
3.8 B 6.9 B
4.1 B 2.7 B
3.5 B 3.1 B
2.2 B 2.2 B
3.6 B 4.3 B
3.4 B 34 B

3.1. Visual assessment
Histogram, Box-Plot, and Q-Q charts are among the charts used in data visualization.

3.1.1. Histogram

Below are histogram graphs representing two separate data sets. Looking at the first of these graphs, it
is seen that it has a normal distribution. In the second histogram graph, it is seen that this distribution is
not normal.
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Figure 1. Histogram graphs of two different experiments

3.1.2. Box-Plot Graph

In a normally distributed box-whisker plot, the line in the middle of the box should be in the middle of
the box. In the experiment on the left, it is seen that the placement of the box and the line in the middle
are close to normal. In the experiment on the right, it is clearly seen that there is a departure from the
normal distribution, as observed in the histogram graph before. The line is in the middle of the box and
the box is closer to the left.
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Figure 2. Box-Plot graphs of two different experiments

3.1.3. Q-Q Graph

The fact that the observed values are on the line extending along the diagonal and close to the line is an
indication of a normal distribution. In the Q-Q graph of the Birth Weight_1 data on the left, the sample-
theoretical quantile pairs are almost on the purple regression line; only one observation at the upper end
is observed to be distant. This situation is accepted as a normal or at least a normal distribution of the
variable. In the Q-Q graph on the right, it is seen that both the purple regression line can not be located
along the diagonal and many quantile pairs are far from the line in the lower, middle and upper parts.
This shows that the distribution of the birth weight variable of the Birth Weight_2 data is not normal.
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Figure 3. Q-Q graphs of two different experiments

3.2. Examining descriptive statistics

Descriptive statistics provide sufficient information about normality. In a normal distribution, the
arithmetic means, median, and peak values should be equal or very close to each other. While the
descriptive statistics results in Table 2 and Table 4 can be interpreted as an indicator of normal
distribution, the results in Table 3 and Table 5 can be interpreted as an indicator of non-normal
distribution.

Table 2: Descriptive statistics results for Birth Weight 1 data
Min. 1st Qu. Median Mean 3rd Qu. Max.
2.20 2.98 3.35 3.33 3.73 4.20

Table 3: Descriptive statistics results for Birth Weight 2 data
Min. 1st Qu. Median Mean 3rd Qu. Max.
2.20 2.95 4.1 5.87 7.50 14.30

Table 4: Detailed descriptive statistics results for Birth Weight 1 data

Vars | N | Mean | SD | Median | Trimmed | Mad | Min | Max | Range | Skew | Kurtosis | SE

1 20| 3.33 | 0.55| 3.35 3.35 059 | 2.2 | 4.2 2 -0.31 -0.86 | 0.12

Table 5: Detailed descriptive statistics results for Birth Weight 2 data

Vars | N | Mean | SD Median | Trimmed | Mad | Min | Max | Range | Skew | Kurtosis | SE

1 (20| 5.86 |3.88 | 4.15 5.31 215| 2.2 | 143 | 12.1 | 0.97 -0.55 | 0.87

3.3. Statistical Tests

3.3.1. Normality Tests

Normality tests are tests applied to check whether the variables are normally distributed. While many of
these tests use sample mean and variance, some also use statistics such as kurtosis and skewness
coefficient (Cebeci, 2019).
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3.3.1.1. Shapiro-Wilk Normality Test
According to the following results, while the distribution in the Birth Weight_1 data was normal
(p=0.8582), it was not normal in the Birth Weight_2 data (p=0.001834).

Table 6: Shapiro-Wilk normality test results for Birth Weight 1 data
Shapiro-Wilk normality test
w P-value
0.97518 0.8582

Table 7: Shapiro-Wilk normality test results for Birth Weight_2 data
Shapiro-Wilk normality test
W P-value
0.82139 0.001834

3.3.1.2. Anderson-Darling Normality Test
According to the following results, while the distribution in the Birth Weight_1 data was normal
(p=0.9349), it was not normal in the Birth Weight_2 data (p=0.0008565).

Table 8: Anderson-Darling normality test results for Birth Weight 1 data
Anderson-Darling normality test
A P-value
0.16204 0.9349

Table 9: Anderson-Darling normality test results for Birth Weight 2 data
Anderson-Darling normality test
A P-value
1.41 0.0008565

3.3.2. Controlling the Homogeneity of Variances
For the application of parametric statistical methods, the variances of the dependent variable should be
homogeneous according to the groups.

3.3.2.1. Levene's Test for Homogeneity of Variance

According to the results below, it was observed that the distribution in the Birth Weight_1 data
(p=0.9435) and the distribution in the Birth Weight_2 data were homogeneous (p=0.4493). However, in
the results here, it is seen that the distribution in the Birth Weight 2 data fluctuates compared to the
Birth Weight 1 data.

Table 10: Levene's Test for homogeneity of variance results for Birth Weight 1 data
Levene's Test for homogeneity of variance (center = median)

Df F value Pr(>F)
1 0.0052 0.9435

Table 11: Levene's Test for homogeneity of variance results for Birth Weight 2 data

Levene's Test for homogeneity of variance (center = median)
Df F value Pr(>F)
1 0.5983 0.4493

3.3.2.2. Bartlett Test for Homogeneity of Variance
According to the results below, it was observed that the distribution in the Birth Weight_1 data
(p=0.9362) and the distribution in the Birth Weight_2 data were homogeneous (p=0.1179). However, in

65



INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCES | PROCEEDINGS BOOK

the results here, it is seen that the distribution in the Birth Weight 2 data fluctuates compared to the
Birth Weight_1 data.

Table 12: Bartlett Test for homogeneity of variance results for Birth Weight_1 data
Bartlett Test for homogeneity of variance (center = median)
Df Bartlett's K-squared P-value
1 0.0064125 0.9362

Table 13: Bartlett Test for homogeneity of variance results for Birth Weight 2 data
Bartlett Test for homogeneity of variance (center = median)
Df Bartlett's K-squared P-value
1 2.4456 0.1179

3.3.3. Controlling the Independence

Each observation in the sample groups should be independent of the others, that is, not related. Many
statistical tests can be used in the analysis of the independence or randomness of the sample units. The
Durbin-Watson test (DWT) is one of them.

3.3.3.1. Durbin-Watson Test (DWT)

In the Birth Weight_1 data, it is seen that the autocorrelation of the residues is positive and far from
moderate (0.06451442) but insignificant (p=0.4) and therefore the units in the sample groups are
independent of each other. In Birth Weight_2 data, autocorrelation was found to be positive and close
to moderate (0.4390335) and significant (p=0.014). Through these results, it is seen that the units in the
sample groups are dependent on each other in the Birth Weight_2 trial data.

Table 14: Durbin-Watson Test results for Birth Weight 1 data
Durbin-Watson Test for controlling the independence
lag Autocorrelation D-W Statistic P-value
1 0.06451442 1.756041 0.4
Alternative hypothesis: rho =0

Table 15: Durbin-Watson Test results for Birth Weight 2 data
Durbin-Watson Test for controlling the independence
lag Autocorrelation D-W Statistic P-value
1 0.4390335 1.068267 0.014
Alternative hypothesis: rho =0

4. DISCUSSION

In some studies, the problem of not checking the assumptions of the data is encountered. Statistical
analyzes are made without applying parametric assumptions to non-parametric data, and as a result,
errors occur in the research results. The results of these studies are misinterpreted and scientific errors
occur. All these problems need to be resolved and some actions need to be taken. In order to prevent
scientific errors, researchers should be aware of and correct the faulty parts in the produced studies. For
this reason, it is important to know the parametric test assumptions, to control the assumptions, and to
know and apply non-parametric tests, which are the equivalent of parametric tests.

5. CONCLUSION

This study is important for researchers to complete their statistical analyzes with or without errors and
to be able to interpret them. In future studies, attention should be paid to whether or not the assumptions
control is provided, and if the assumptions are not met, the problem should be solved with some
methods. This awareness should be given to researchers starting from undergraduate statistics courses,
and mistakes in postgraduate and postgraduate studies should be controlled.
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Abstract

It is important to determine which statistical software program will be used in statistical research in
theses in the field of Science. Invented by Ross lhaka and Robert Gentleman of the University of
Auckland, New Zealand, R was officially announced in 1997 as a free and open-source software
environment and programming language for statistical computing and graphical drawing. R, which can
also be used for advanced statistical and mathematical studies through various packages and functions,
also provides benefits to researchers who want to develop their statistical software. Python, one of the
popular programming languages published by Guido van Rossum in 1991, is technically a language that
is compiled first and then interpreted through compiled code. With Python, it is possible to work in
various scientific fields including big data and complex mathematical operations, as well as in fields
such as Artificial Intelligence, Machine Learning, and Image Processing. SPSS, which has been
officially named IBM SPSS Statistics since August 2010, is a software program for statistical analysis,
the first version of which was released in 1968. As an indicator of the popularity of programming
languages, according to the TIOBE Programming Community index, which is updated monthly, in
October 2022, Python and R were in the top 20 in the ranking, while SPSS could not enter this list.

Within the scope of the purpose of this study, a comparison was made between R and Phyton and SPSS,
which are statistical software programs used in graduate theses prepared in the field of Science in the
last 10 years, obtained from the Council of Higher Education National Thesis Center. Despite the
existence of open-source programming languages, the persistent use of SPSS, which is one of the very
expensive programming languages, and the reasons for this are discussed.

Keywords: Programming language, R, Phyton, SPSS, Council of Higher Education National Thesis
Center

1. INTRODUCTION

One of the issues to be considered during statistics education is to teach appropriate statistical package
programs. Although student versions are offered at low cost, students can not use this software when
they graduate. Companies, on the other hand, do not favor these programs (Team, 2017). The R for
Windows package program is a publicly licensed program that is distributed free of charge over the
internet. The program may be freely distributed and used under license; therefore, scientists with any
programming knowledge can make changes and improvements to this code (Dalgaard and Fox, 2002).
R for Windows package program users; It offers an efficient data processing and storage facility, a set
of commands for array and matrix calculations, a collection of advanced techniques for data analysis,
and graphical features (Clarke and Cooke, 1983). Python is a popular programming language created by
Guido van Rossum in 1991. It is used in areas such as web development, software development, and
system scripting. Python runs on an interpreter system, meaning it executes as soon as the code is written
and runs pretty fast. Python can be approached in an object-oriented way or in a functional way (Van
Rossum, 1991). One of the key features of all modern interpreted languages is that they are extensible.
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When creating a Python-based script, legacy code can be integrated and extended with new functionality
(Halterman, 2011). Most researchers know that much more of their time is spent in the various stages
of data collection and preparation, rather than building models and producing reports. SPSS is one of
the paid software programs that are often used to perform data management tasks (Levesque, 2007).
According to the TIOBE Programming Community index, which is an indicator of the popularity of
programming languages, Python and R are at the top of the rankings, while SPSS can not enter this list.
This takes it away from making it one of the world's programming languages.

G Rboutus  JoinTIOBE ~ News  CodingStandards  TIOBEIndex  Contact

Products v QualityModels v Markets «  ERELIEETENTS

TIOBE Index for R
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Figure 1. TIOBE Index for R

(https://www.tiobe.com/tiobe-index)
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Figure 2. TIOBE Index for Python

(https://www.tiobe.com/tiobe-index)
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2. MATERIALS AND METHODS

In this study, the number of authorized/unauthorized master’s/Ph.D. theses written in the field of Science
between the years 2012-2022 were determined by taking into account the data in the Council of Higher
Education National Thesis Center. The results obtained by detailed scanning were found by writing
SPSS, R, and Python in the abstract part, respectively.

“' - M. T,r\ Ll.‘JJ

nnoie [ 'nn ¥
ool UGG an
Home  Search Legislation Statistics FAQ  LegalNotice  Contad  Help

Detailed Search ~ Advanced Search ~ Recently added ~ Preparing theses

Detziled Search

Select v Select v | <=Year<= | Sekciv

i

w

ot

w

eiect

EEC

>
w

eec

>
7

Figure 3. Council of Higher Education National Thesis Center
(https://tez.yok.gov.tr/Ulusal TezMerkezi/tarama.jsp)
3. RESULTS

The graphs below were created in line with the data in the Council of Higher Education National
Thesis Center.

3.1. Master’s Theses

In the light of the data in Table 1 and Table 2; It is seen that SPSS, one of the statistical software
programs, was preferred by the author of 1406 of the 114431 master’s theses (authorized + unauthorized)
written in the field of Science between 2012-2022. While it was seen that Python was preferred by 507
authors in the same years, no information about R was found.

Table 1. The number of authorized master's theses written in the field of Science between 2012-2022

Statistics software Access Thesis type Group Number
program Authorization
SPSS Authorized Master Science 1397
R Authorized Master Science Not found
Python Authorized Master Science 501

Table 2. Number of unauthorized master's theses written in the field of Science between 2012-2022

Statistics software Access Thesis type Group Number
program Authorization
SPSS Unauthorized Master Science 9
R Unauthorized Master Science Not found
Python Unauthorized Master Science 6
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3.2. Ph.D. Theses

In the light of the data in Table 3 and Table 4; It is seen that SPSS, one of the statistical software
programs, was preferred by the authors of 211 out of 25891 Ph.D. theses (authorized + unauthorized)
written in the field of Science between 2012-2022. While it was seen that Python was preferred by 53
authors in the same years, no information about R was found.

Table 3. Number of authorized Ph.D. theses written in the field of Science between 2012-2022

Statistics software Access Thesis type Group Number
program Authorization
SPSS Authorized Ph.D. Science 209
R Authorized Ph.D. Science Not found
Python Authorized Ph.D. Science 52

Table 4. Number of unauthorized Ph.D. theses written in the field of Science between 2012-2022

Statistics software Access Thesis type Group Number
program Authorization
SPSS Unauthorized Ph.D. Science 2
R Unauthorized Ph.D. Science Not found
Python Unauthorized Ph.D. Science 1

In the table below, the numbers showing the distribution of theses written in the field of Science between
2012-2022 according to their types are given.

Table 5. Distribution of theses written in the field of Science between 2012-2022 according to their

types
Thesis type Number of theses (authorized + unauthorized)
Master 114431
Ph.D. 25891

4. DISCUSSION

One of the important issues while writing master's and Ph.D. theses is the determination of statistical
software programs and statistical analysis methods. There are many paid/free software programs for
this. Despite the existence of open-source software programs, many people still prefer paid software
today. There are of course many reasons for this. When using programs such as R and Python, knowing
how to write code and run command lines correctly requires considerable effort. Many researchers find
it easier to choose the tests they want by clicking the options in the menu instead of doing this. In R and
Python, it is more difficult to get output from the program due to problems caused by a slight lack of
punctuation or errors in the commands. For this reason, researchers take advantage of the programs
purchased by some companies and universities or they want to purchase these software programs for a
certain period by paying large amounts. However, R and Python software programs allow the user to
write programs according to the details of the technique and provide the opportunity to work on
advanced analysis techniques. In addition, they are user-friendly software programs in terms of the
number of open methods and the development of their packages. SPSS, on the other hand, is one of the
most common software purchased and used in this way. In this study, the comparison of statistical
software programs SPSS, R, and Python was made based on postgraduate theses. Although it is paid, it
has been observed that SPSS is preferred much more than the other two software.

5. CONCLUSION

As a result of this work, researchers should be encouraged to use open-source and free software
programs instead of buying paid programs. For this reason, it is important for master's and Ph.D. thesis
advisors to explain the content of related software programs to their students, to prepare the
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infrastructure of their studies accordingly, and to support their students in various ways during the thesis
writing process. At this point, students need to train and develop themselves. It should be aimed that the
research results prepared as a result of the use of coding-based programs reach worldwide standards.
One of the efforts to create software awareness in our country is the courses that are desired to be given
by faculty members or good software developers to increase the quality of postgraduate theses. Some of
the courses in this field can also be accessed free of charge on the internet. Another suggestion can be
offered to enable users to encounter R and Python at an earlier age by starting to provide training at the
undergraduate level. Eventually, it should be our priority to develop a behavior style according to what
today's world requires and to achieve world standards in our academic studies.
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Abstract

Katherine K. Wallman defined statistical literacy as the ability to understand and critically evaluate
statistical results that affect our daily lives and to appreciate the contribution statistical thinking can
make to public and private, professional and personal decisions. Being able to read and make sense of
the statistics encountered in the news, media, and surveys is of great importance in terms of adapting to
the changing world in today's information society. A society consisting of people who can not read and
evaluate statistics and can not interpret the graphics they see is not considered a fully developed society.
Statistical literacy users, who can access and filter complex data of information, always need to improve
their statistical skills. For this purpose, ease of expression and statistical literacy skills should be
provided at a level that people from every profession can understand.

This study covers the importance of people of all ages and occupations having statistical literacy skills
and efforts to develop different methods and strategies to increase these skills, taking into account
strategic priorities.

Keywords: Statistical literacy, Statistical skill, Statistics

1. INTRODUCTION

In recent years, the importance of developing statistically literate citizenship has increased. As the world
is increasingly dependent on statistical data, instant access to statistical information is gained through
communication technologies in the modern world. A statistically literate citizen will be able to
understand this information and reach a decision in light of this information (Rumsey, 2002). Carmichael
(2010) defined the dictionary definition of statistical literacy as the capacity to interpret statistical
messages and communicate these messages in writing or orally. Statistical literacy, like reading literacy,
focuses on making decisions using statistics. Statistical literacy, which includes skills such as reading,
writing, and speaking, includes two reading skills, understanding and commenting (Schield, 1999).
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Figure 1. The questioning cycle
(https://www.statisticsteacher.org/2020/11/12/data-interrogations-critical-statistical-literacy/)

In general, Hayden (2004) defined statistical literacy as the skills a person needs to deal with probability
and statistics issues that arise in daily life. According to Schield (2001), statistical literacy is
“examination, interpreting, analyzing and evaluating (and detecting errors that occur there).” According
to Garfield (1999), understanding statistical language; relates to words, symbols, and terms. Interpreting
charts and tables, reading statistics, and interpreting them meaningfully in press and questionnaires.
Chance (2002) approached this process from a global perspective, which includes understanding
variability and the statistical process as a whole, taking into account existing definitions. The definition
of Gal (2004) is stated as follows.

Knowledge elements Dispositional elements
Literacy skills Beliefs and Attitudes
Statistical knowledge Critical stance
Mathematical knowledge

Context knowledge )

Critical Questions /

Statistical Literacy

Figure 2. Gal’s (2004) definition of statistical literacy
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Researchers and educators have often recommended the development of statistics teaching methods.
These are the methods in which scientific methods are applied, especially with authentic statistical
experiences (Bryce, 2005). Statistical literacy can serve societies in many ways. Adults need to be aware
of trends (crime rates, population growth, etc.) of social and personal importance. Increasing demands
for employees to understand statistical information on the quality of operations (Packer, 1997) and
statistical literacy are needed in many businesses for employees to understand this data (Bowen and
Lawler, 1992). According to Gal (2000), making statistics is not the same as understanding statistics. It
is important to understand the steps used to calculate the standard deviation, but being able to calculate
it easily does not mean having the ability to understand the standard deviation. Statistics formulas are a
simple mathematical shortcut for creating a statistic, but students tend to forget these formulas easily
after they pass their exams (Moore, 1998).

Yorke (2006) defined employability as a contribution to the self, society, and economy that enables
graduates in higher education to find a job and achieve success in their occupation. It is important to
increase student’s awareness of the employability of statistical literacy and to bring them closer to the
courses related to quantitative information, and studies on quantitative and qualitative research methods
show that most students come to the university with fixed ideas and have negative aspects in quantitative
methods (Murtonen, 2005).

1.1. Statistical Thinking

Statistical thinking includes having the ability to see the whole process, understanding the relationship
between variables, having the ability to research data, and producing new research questions other than those
asked in research (Chance, 2002). Pfannkuch and Wild (2004) proposed five key ideas for statistical thinking:
data recognition, digitization, evaluation of diversity, and integration in a statistical and contextual sense by
reasoning with statistical models. They also stated that it is necessary to synthesize statistical and contextual
information for statistical thinking and defined this competence as the integration of statistical and contextual.
Sanchez (2007) proposed two different statistical literacy models, in which the complexity of statistical
literacy and its relation to other disciplines vary between models. In this model, L stands for statistical
literacy, R stands for statistical reasoning, and T stands for statistical thinking.

Statistical Literacy

Statistical

Reasoning

Figure 3. Statistical literacy (Lane-Getaz, 2014)

1.2. A Framework for Professional Statistical Literacy

The Professional Statistical Literacy Framework supplies focus on the statistical literacy necessary to
interpret data in tables, graphs, and other forms. Three levels are proposed for the interpretation of the
data, and although successful performance at the higher levels is based on that at the lower levels, the
hierarchy here aims to show an order of instruction. Read values at the lowest level of the frame include
being able to read directly accessible items in the data. An experienced graphic reader starts by reading
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the title first. To tell stories about data by quickly checking variable names and value ranges, the graph
reader needs to take it to a higher level.

The level of comparison values can be used when comparing data values, looking for trends, identifying
skewed data in the form of a boxplot, etc. applied level. Making statistically valid conclusions about
data requires more than a comparison. At the highest level of data interpretation, and analysis of the
dataset, consideration is given to the dataset as a whole, not individual components. It is important to
determine whether the differences between data sets are statistically significant.

Professional Local
Context Analysing the Data Set Context

Comparing Values

Readingé Values

Figure 4. A framework for professional statistical literacy (Pierce and Chick, 2011)

2. DISCUSSION AND CONCLUSION

Statistical literacy is much more than computation. It is very important to understand and evaluate the
tables encountered in daily life and to conclude these tables. It should be ensured that statistical literacy
can be done at a basic level through the processes of making sense of data, using statistical databases,
and creating visualizations. Increasing statistical knowledge and skills, contributing to positive attitudes
and behaviors towards statistics, and individuals working in various institutions and organizations
should be taught new techniques with the help of courses. Accepting to face problems will make
important contributions to increasing the level of literacy. For this purpose, statistical literacy skills with
ease of expression that can be understood by people from all occupational groups and all age levels
should be gained. Statistics should be taught in the school curriculum to teach reading and
comprehension skills at very young ages. It should be ensured that the students studying at the university
take statistics courses regardless of faculties and departments, and at least some basic skills should be
acquired and successfully applied in their future life. Large-scale statistical presentations should be made
by organizing meetings and seminars in institutions and organizations providing professional services.
In the developing and changing digital world societies, it is important to use technology correctly for
this purpose and to develop applications and present them to the service of individuals in society.
Gaining statistical literacy and awareness skills by learning statistics correctly will enable us to create a
common form of communication.
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Ozet

Bu c¢alisma, tarimda hasat ve hasat sonrasi yasanan gida kayiplarina ¢6ziim bulmasi igin tasarlanmagtir.
Uretilen tarimsal {iriinlerde yasanan {iriin kayiplarmin yarisina yakin oranda hasat ve hasat sonrasi
tedarik zincirinde yapilan hatalardan kaynaklandigi belirlenirken, iiretilen iirlinlerin alisila gelmis
standartlara uymamasi ve perakende alicilar tarafindan tercih edilmemesi degerinin ¢ok daha altinda
fiyatlara satilmasina iireticinin iiretim maliyetlerinin ¢ok daha altinda kazang elde etmesine sebep
olmaktadir. Bunun yan sira ani piyasa daralmalarindan kaynaklanan, pazarda satis sans1 bulamayan
tiriinlerin tedarik zincirinde degerlendirilemeyip gida hammaddelerinde kayiplarin yasanmasina sebep
olmaktadir.

Tam bu noktada yapay zeka destekli gida kurtarma yazilimi ile ¢6ziime ulastirilmaktadir. Pazarda yer
bulamayan gida iiriinlerinin gida ve kozmetik {irlinlerine uygun iiretim yapabilmesi i¢in gida liretim
tesislerinin atil kapasitelerini anlik olarak takip edebilmekte, isletmelere yonelik siiregleri tanmimlayarak,
en uygun iriin formu i¢in alternatifler hazirlayabilmektedir. Ayni zamanda iiretim asamasinda
yasanmasi muhtemel risklerin 6nlenmesi agisindan gida {iretim tesislerinin tiim siireclerini takip ederek,
is ortakligi siireglerini kolaylastiracaktir.

Tiim asamalarin takip edilerek, muhtemel risklerin belirlenmesi pazarda yer bulamayan iirlinlerin gida
tedarik zincirinde ¢ope doniismeden degerlendirilip deger zincirinde yer edinmesine imkan tanir.
Boylelikle iiriinlerin katma degerleri arttirilarak, gida atiklarmin azaltilmasina, gidaya erigimi
kolaylastirarak gida enflasyonunu diisiirmektedir. Her seyden 6nemlisi Diinya kaynaklarimizin bosa
harcanmasinin 6niine gegilerek, bu kaynaklarin siirdiiriilebilirligini arttirmaktadir.

Anahtar Kelimeler: Tarim teknolojileri, yapay zeka, gida kayiplari, tedarik zinciri, katma deger

PREVENTION OF HARVEST AND POST-HARVEST FOOD LOSSES IN
AGRICULTURE

Abstract
This study is designed to find solutions to harvest and post-harvest food losses in agriculture. While it

has been determined that nearly half of the product losses experienced in the agricultural products
produced are caused by the mistakes made in the harvest and post-harvest supply chain, the fact that the
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products produced do not comply with the usual standards and are not preferred by retail buyers cause
the producer to earn a profit much lower than the production costs. In addition, the products that cannot
be sold in the market due to sudden market contractions cannot be evaluated in the supply chain, causing
losses in food raw materials.

At this point, it is solved with artificial intelligence supported food recovery software. It can instantly
monitor the idle capacities of food production facilities so that food products that cannot find a place in
the market can produce suitable for food and cosmetic products, can define processes for businesses and
prepare alternatives for the most suitable product form. At the same time, it will facilitate business
partnership processes by following all processes of food production facilities in terms of preventing
possible risks during the production phase.

By following all stages, identifying possible risks allows products that cannot find a place in the market
to be evaluated in the food supply chain before they turn into garbage and to take a place in the value
chain. Thus, it reduces food inflation by increasing the added value of products, reducing food waste,
facilitating access to food. Most importantly, it prevents the waste of our world resources and increases
the sustainability of these resources.

Keywords: Agricultural technologies, artificial intelligence, food losses, supply chain, added-value

1. GIRIS

Gilintimiizde insan varliginin devamliliginin 6n kosulu besin ve igme suyu kaynaklarina erigimdir. Ancak
artan niifus ve ¢evresel kirletici faktorler gida ve su lizerinde 6nemli bir bask: araci yaratmaktadir. Bu
nedenle gida ve su siireglerinin yonetiminin etkin sekilde yiiriitiilmesi énemli bir gereksinim halini
almistir. FAO’ya gore gida siireglerinde % 14 oraninda gida kayb ve israfini oldugunu belirtmistir. Bu
nedenle gida kaybi ve israfi gida giivenligi, ekonomi ve g¢evre i¢in ciddi bir tehdit olarak kabul
edilmektedir (Abiad ve Meho, 2018). insan tiiketimi i¢in iiretilen tiim gidalarin yaklasik iicte biri (1,3
milyar ton yenilebilir gida) her yil tiim tedarik zincirinde kaybolmakta ve israf edilmektedir (Gustavsson
ve ark., 2011). Bir biitiin olarak toplum tarafindan 6denen israfin sosyal ve c¢evresel maliyetlerine
bakilmaksizin, bu gida kaybi ve israfi miktarinin parasal degerinin yaklasik 936 milyar ABD Dolari
oldugu tahmin edilmektedir (FAO, 2009). Kayip ve israf miktari, diinya niifusunun sekizde birini
yetersiz beslenmeden kurtarmak (Gustavsson ve ark., 2011) ve 2050 yilina kadar mevcut talebin
yaklasik %150-170'ine ulasabilecek olan artan gida talebini karsilamak igin kiiresel zorlugu ele almak
icin yeterli olarak goriilmektedir (FAO, 2014).

Gida kayip ve israf miktari, gelir diizeyi, kentlesme ve ekonomik biiyiimeden etkilenmekte, bu nedenle
iilkeler arasinda degisiklik gostermektedir (Chalak ve ark., 2016). Daha az gelismis iilkelerde, gida kayb1
ve israfi kiiresel kayip ve israfin yaklagik % 44’iinii olusturan hasat sonrasi ve isleme asamasinda
meydana gelmektedir (Gustavsson ve ark., 2011; Lipinski ve ark., 2013). Bunun nedeni kotii
uygulamalar, teknik ve teknolojik yetersizlikler, isgiicii ve finansal kisitlamalar, nakliye ve depolama
icin uygun altyap eksikligi oldugu belirtilmektedir (Gustavsson ve ark., 2011).

Avrupa, Kuzey Amerika ve Okyanusya llkeleri dahil olmak iizere gelismis iilkeler ve sanayilesmis
Japonya, Giiney Kore ve Cin tilkeleri diinya gida kayip ve israfinin % 56’sim liretmektedir (Lipinski ve
ark., 2013). Bunun, gelismis iilkelerdeki gida kayiplar1 ve israfit %40°1, cogunlukla tiiketici davraniglari,
degerleri ve tutumlari (Bond ve ark., 2013) tarafindan yonlendirilen tiiketim agsamasinda meydana gelir
(FAO, 2009). Gida israfinin biiyiik bir kismi, kotii planlama ve toplu satin alma ile iliskili olabilecek
asir1 aligverisin bir sonucu olarak hazirlama, pisirme veya servis igslemlerinden sonra ve son kullanma
tarihinden 6nce tiiketilmemesinden kaynaklanmaktadir (Bond ve ark., 2013; Priefer ve ark., 2016).
Sanayilesmis iilkelerdeki yaklagik 222 milyon ton olan gida atig1 miktari, gida sikintis1 geken Sahra Alti
Afrika iilkelerindeki toplam net iiretime (230 milyon ton) neredeyse esit oldugu belirtilmistir
(Gustavsson ve ark., 2011). Gida kay1p ve israfi, insan tiiketimi i¢in gidanin mevcudiyetini azalttig1 igin
beslenme giivensizligi acisindan kritik bir endise kaynagidir. Gida kayip ve israfinin ayrica ciddi
cevresel, ekonomik, yoksulluk ve dogal kaynak etkileri 6nemli etkileri bulunmaktadir (Bond ve ark.,
2013). Gida kayb1 sonucu olusan atiklar depolama alanlarina atildiginda, gida kayiplarmin énemli bir
kismi sera gazina (GHG) ve karbondioksitten 25 kat daha fazla kiiresel 1sinma potansiyeline sahip
metana doniistiiriilmektedir (Parry ve ark., 2007). Gida kayiplar1, daha yiiksek bir metan verimi ile o
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alanda biyojenik sekestrasyona herhangi bir katki saglamadan, diger depolama alanlarindan daha hizli
ayrismaktadir (Levis ve Barlaz, 2011).

Rutten (2013)’e gore, gida kayip ve tarim sektoriinde harcanan yatirimi temsil eder ve toprak, is giici,
su, giibre ve enerji gibi girdi yonlerinde 6nemli verimsizlikler yaratmaktadir. Birkag ¢aligma, geligmis
iilkelerdeki gida kayip ve israf miktarlarii azaltma girisimlerinin gelismekte olan iilkelerde gida
fiyatlarin1 azaltabilecegini (Rutten, 2013), tedarik zincirlerinde verimliligi artirabilecegini ve gida
yetersizligi ¢ekenleri beslemek icin kullanilabilecek kaynaklari koruyabilecegini gostermistir (Buzby ve
ark., 2013). Bu tiir calismalarla yapilan degisiklikler, savunmasiz haneler i¢in besleyici gidalara erisimin
iyilestirilmesine yol acabilecektir (Gustavsson ve ark., 2011). 2000°1i yillarla birlikte gelisen teknoloji
ve tarimda karar verici destek yazilimlarin kullanilmaya baglanmasi ve benzeri arastirmalarin
yayinlarindaki artis 6nemli bir fayda saglayacagini gostermektedir. Bu nedenle bu calismada gida
tedarik zincirinin agsamalarinda veya bir biitiin olarak gida kayip ve israfinin ana etkenleri incelemis ve
karar destek verici bir mekanizma olarak gelistirilen yazilim projesi tanitilmistir.

1.1. Gida Kaybi ve Israfi

Gida kayiplari, tedarik zincirinin 6zellikle insan tiiketimi i¢in yenilebilir gidaya yol agan kismi1 boyunca
yenilebilir gida kiitlesindeki azalmayi ifade etmektedir. Gida kayiplari, gida tedarik zincirinde {iriin
hasadi, hasat sonrasi ve isleme asamalarinda meydana gelmektedir (Parfitt ve digerleri, 2010). Gida
zincirinin sonunda (perakende ve nihai tiilketim) meydana gelen gida kayiplari ise perakendecilerin ve
tiketicilerin davraniglartyla ilgili olarak “gida israfi” olarak tanmimlanmaktadir (Parfitt ve digerleri,
2010). “Gida” israfi veya kaybi, yem ve yenilebilir olmayan {irlin pargalar1 hari¢, yalnizca insan
tilketimine yonelik tirtinler i¢in 6l¢tilmektedir. Tanim geregi, gida kayiplari veya israfi, gida zincirlerinin
“insan tiiketimine giden yenilebilir iiriinlere” yol acan kisminda kaybolan veya israf edilen gida
kiitleleridir (FAO, 2011). Bu nedenle, baglangicta insan tiiketimine yonelik olan ancak tesadiifen insan
besin zincirinden ¢ikan yiyecekler, daha sonra gida disi bir kullanima (yem, biyoenerji vb. gibi)
yonlendirilse bile gida kaybi veya israfi olarak kabul edilmektedir. Bu yaklasim, “planli” gida dis1
kullanimlari, burada kayiplar altinda muhasebelestirilen “plansiz” gida dis1 kullanimlardan tamamen
ayirmaktadir.

1.2. Gida Kayb1 ve Israfinin Miktar

Birlesmis Milletler ve Gida ve Tarim Orgiitii'ne (FAO) gbre, diinya capinda iiretilen gidanin yaklasik %
14’1 hasat ve perakende satis arasinda kaybolmakta, perakende ve tiiketim diizeyinde de onemli
miktarlarda israf edildigi de belirtilmistir (Abiad ve Meho, 2018). UNEP’e gore, diinya hali hazirda
gezegendeki herkesi beslemeye yetecek kadar gida iiretildigini belirtmis ve yakin tarihli Gida Israfi
Endeksi Raporu’na gore toplamda gidanin % 17’sinden fazlasinin israf edildigi ortaya konmustur
(Zhongming ve ark., 2021) FAO (2014)’e gére, gida israfinin kiiresel hacminin 1,6 milyar ton “birincil
iirlin esdegerleri” oldugu tahmin edilmektedir. Bunun yenilebilir kismi i¢in toplam gida israfi 1,3 milyar
ton olarak belirtilmektedir (FAO, 2014).

1.3. Gida Kaybi ve israfimin Cevresel Etkileri

Gidadaki bu israfin gida tiiketimi ve maliyet kayiplarinin yani sira gevre lizerinde ciddi bir etkisi oldugu
belirtilmektedir. Gida israfinin karbon ayak izinin yilda atmosfere salinan 3,3 milyar ton CO esdegeri
sera gazi oldugu tahmin edilmektedir. Kaybolan veya israf edilen gidalar tiretmek i¢in her yil kullanilan
toplam su hacmi 250 km*’tiir (Cattaneo ve ark., 2021). Bunun yan sira her yil 1,4 milyar hektar arazi
(dlinyanin tarim alaninin % 28°1) kaybolan veya israf edilen giday1 iiretmek i¢in kullanilmaktadir (FAO,
2014). Tarim, Uluslararas1 Dogay1 Koruma Birligi (IUCN) tarafindan izlenen risk altindaki bitki ve
hayvan tiirlerine yonelik tehditlerin cogundan da sorumlu tutulmaktadir (Harfoot ve ark., 2021). Tiim
gida israfinin diisiik bir yiizdesi kompost hale getirilmekte ya da ¢ogu ¢opliiklerde belediye kat1 atiginin
biiyiik bir boliimiinii olusturmaktadir. Diizenli depolama alanlarindan kaynaklanan metan emisyonlar1
ayni zamanda atik sektdriinden kaynaklanan en biiyiik sera gazi emisyonu kaynaklarindan birini de
temsil olugturmaktadir (Schott ve ark. 2016).

1.4.Karar Destek Mekanizmasina fhtiya¢
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Tiirkiye Israfi Onleme Vakfi (TIOV) mn 2017 yilinda yayinladig: bir rapora gore Tiirkiye'de bir yilda
yetisen 49 milyon ton meyve ve sebzenin %25-40’nin heba oldugunu, hasat ve hasat sonrasi
uygulamalarin yetersizliginden kaynaklanan miktar ve kalite kaybinin parasal karsiligi olarak 214
milyar Tiirk Liras1 kaydedildigini belirtilmistir. Gida maddeleri hasat sonrasi1 depolamak zahmetli ve
yiiksek maliyetlidir. Hasat zamani gelen iiriinleri hasat etmeden bekletmek ise miimkiin degildir. Hasat
zamani dalinda bekleyemeyen iiriinleri hizla degerlendirmek ise bir cift¢inin kendi basina ¢oziime
ulastirabilecegi bir sorun olarak goriinmemektedir. Ayni sekilde plansiz bir sekilde ortaya ¢ikmig bir
gida hammaddesi firsatin1 degerlendirecek kaynaklari planlamak da gida profesyonellerinin tercih ettigi
bir yontem degildir. Bunlar; {iretici ciddi emek, zaman ve maddi kayiplara neden olmaktadir. Uriinler
hasat edilmez ise dokiilmeye baslamakta ve tarlanin gelecek yillar1 iginde Onemli bir zarar
olusturmaktadir. Piyasalardaki ani daralmalar nedeniyle talebin azalmasi, standartlar1 saglayamadigi
icin perakendecilerin tercih etmedigi iiriinler, gogu zaman hasat maliyetlerini karsilayamadigi igin hasat
edilmeden bahcede birakilmasinin yani sira, farkli alicilara diisiik fiyatlarla satilmasina neden
olmaktadir. Bunun yani sira iireticiler genellikle boyle durumda kararsiz kalmakta ve alinan kararlarda
genellikle zarardan kar etme mantig1 giitmektedir. Bu nedenle {ireticilerin hasat ve hasat sonrasi
siireglerde tedarik zincirinin bilgilerini tagtyan ve {ireticinin kararlarina destek sunacak bir mekanizmaya
ihtiya¢ duymaktadir.

2.1. Projenin Konusu ve Amaci

Projenin konusu kullanim1 kolay bilgisayar yazilimlar1 ve sistemleri ile kisa vadede riskleri 6nceden
tahmin edilebilen, uzun vadede yas sebze ve meyve karliligi ve verimliligi artiracak, bitkisel iiretimde
kazang getirecek bir ¢oziimil kirsal alanda yayginlastirmay1 saglamaktir. Bu kapsamda tiretilen hizlica
bozulabilecek gida hammaddesi iiriinlerin 6zellikle yas sebze ve meyve piyasalarin daralmasi ve/veya
bagka bir nedenle alict bulamamasi halinde kayip yasanmasini 6nleyebilecek, tarimsal {irlinlerin atiga
doniismeden gida iirlinline doniistiiriilmesini saglayacak, {iiretici ve gida tedarikgilerini bir araya
getirecek, yapay zeka destekli bir yazilim gelistirilmesi hedeflenmistir. Proje uygulamasi ile spot gida
sektoriinde mal alan satan {irettiren Gida ticareti yapanlara (brokerlere) dogrudan hizmet verirken, gida
hammaddesine doniistiiriilebilecek tarimsal {iriinii olan ¢iftcilere ve {iretim tesislerinde atil kapasitesi
bulunan gida iiretim isletmelerine (fabrikalar, at6lyeler, kooperatif islikleri ve tarimsal birlik tesisleri)
dolayli olarak hizmet vermeyi amaglamaktadir.

2.2. Projenin Yazilimi Tasarimi

Hasat donemine gelmis tirtinlerin hangi gida ya da kozmetik iiriinler i¢in hammadde olacagini; hangi
tesislerin bu iiriinleri islemek igin atil kapasitelerinin bulundugunu; bu tesislerde islenecek bu iirtinlerin
hasat, tagima, hammaddenin islenmesi, ambalajlanmas1 gibi gerekli siireclerinin kag¢ paraya mal
olabilecegini; bu siireclerin risk faktorlerini alternatifli bir sekilde iiye olan Spot Gida Brokerlerine
dakikalar i¢inde toparlayabilecek ve Spot Gida Brokerinin alacagi karara gore tiim taraflar1 otomatik
olarak bilgilendirecek bir karar destek yazilimidir. Karar destek yaziliminin isletme diyagrami Sekil
1’de sunulmustur.
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Sekil 1. Proje Yazilim Isletme Diyagrami

Proje yazilimi, hasat doneminde fiyati diisen, hasat edilmeden tarlada birakilmasi diistiniilen {iriinlerin
sisteme kayit edilmesi sonrasinda dakikalar i¢inde maliyet odakli iiretilebilecek iiriinler, bu iiriinlerin-
iiretim yerleri, nakliye fiyatlamasi gibi degisik parametrelerde onlarca alternatif bulunan bir rapor
olusturacaktir. Bu raporun igeriginde; {iriiniin 6zellikleri, amaca yonelik sertifika ve standardizasyona
sahip bolgedeki tesislerin bir listesi ve siire¢ icerisindeki tiim maliyet basliklar1 yer alacaktir. Gida
tedarikgisinin Uriinii nasil ve nerede isleyebilecegi konusunda karar vermesine olanak saglamasini
hedefledigimiz sistemde, siireglerin her boliimiinde uzman destegi ve gida iiretim danigmanligi
hizmetlerinin verilmesi 6ngoriilmiistiir. Bu sayede tiim taraflar yapilacak ticarette kendilerini maksimum
giivende hissedebilmeleri hedeflenmektedir. Bu verilere sahip olan gida brokerleri olusturulan giivenli
tedarik zinciri i¢inde tiretim kararlarini verebilecek ve avantajli fiyatlarla gida tiretimi yaptirabilecektir.
Bunun dogal sonucu olarak hasat ve hasat sonrasinda yasanan kayiplar gida {iriiniine donistiiriiliirken,
cesitli nedenlerle (cogunlukla yeterli sermayesi olmayan) atil kapasitesi olan isletmeler, daha fazla
iiretim yapabileceklerdir. Bu durum isletmeler agisindan verimlilik karlilik ve istihdam getirilecegi
diistiniilmektedir.

2.3. Yazilim Calisma Prensipleri ve Deger Zinciri

Projemiz yazilimi makine 6grenmesi temelli bir siire¢ kurgulamaktadir. Gelen siparis veya fazla gida
sisteme veya cagri merkezi kanaliyla alinmaktadir. Makine O6grenmesi siiregleri triiniin fayda
parametrelerini iiriin parametreleri ile eslestirerek en optimal dneriyi sunar daha sonra sistem bir fiyat
teklifi iireterek iletisim birimine aktarmaktadir. Gerekli sistem onay1 ile birlikte gidanin ihtiya¢ duyulan
alanlarda veya talep edilen alanlara yonlendirmekte, boylece tedarik¢i veya iiretici stok yetersizligine
nedeniyle veya irlinlerin bozulma durumuna goére firiinlerini zarar etmeden elden c¢ikarmasi
saglanmaktadir. Bu sistem zaman ve maliyet tasarrufu saglayarak gidanin atiga doniismesini
engelleyecegi ongoriilmiistiir. Sistem iiriin ve tesis kapasitesi dahil olmak iizere bir matematiksel model
gergevesinde birgok parametreyi kullanmaktadir. Bu regete iirtiniin isleme sartlarindan bozulma siirecine
kadar coklu bilgi sunarak kayip oranmimi azaltarak kazan¢ oranini artirmakta ve deger artisi
saglamaktadir.
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Uretici

Zaman, Uretim

Yeri, Parti No,
Tedarikgi (Tohum, Kalite, iklim, Fiyat
ilag, Zaman, Miktar, Wan i
Yer, Parti No . Zaman, Yer , Miktar,
: Sicaklik ve Nem

Tiketici i = | : N Toplama Merkezi

Tasima

Zaman, Yer, Miktar =7 2 k Zaman, Yer, Miktar,
) \ Sicakhk ve Nem

Perakendeci ¥ ~\/ ,‘“ Tasima

Zaman, Yer , Sicaklik, \ ) 7t Zaman, Yer , Miktar,
Miktar, Fiyat ve Nemi S : =1 Sicakhk ve Nem

Tasima \ Dagitim Merkezi -

i Zaman, Yer, Miktar,
Zaman, Yer , Miktar, 5 Y€y " R
Sicaklik ve Nem Sicaklik ve Nem Veri/Bilgi Akisi

‘ Gida ureticisi
Zaman, Uretim Yeri,Miktar

Parti No, Kalite, Fiyat

Sekil 2. Yazilim deger zincir modelinin blok zinciri.

Yazilim ortaminin 6zellikle bir paylasim platformu olarak kullanilmasi gida tedarikeileri ile {irlin iireten
paydaslarin kurumsal kaynak planlama siireclerine destek olmakla birlikte kiigiik ve orta biiyiikliikte
iireticiler i¢in maliyet anlaminda avantaj saglamaktadir. Sekil 2’de goriildiigii gibi deger zinciri odakli
yaklagimui ile bilgi akisi dogru ve tek elden saglanarak seffaflik gida sistemindeki sorunlar ve birgok veri
izlenebilmekte ve hizli miidahalesi ger¢ceklesmektedir. Yazilim ¢alismasinda deger zincirinin modelinin
blok zinciri Sekil 2’de sunulmaktadir.

2.3. Yazihmin Yenilik¢i Yonii ve Teknolojik Diizeyi

Tedarik zincirinin her halkasinin, olusabilecek durumlari 6nceden tahmin edebilen, hizli karar
aldirabilen alternatif bilgi ve donanima sahip, risk ve siirprizlerden uzak, bir siire¢ yonetimine sahip olan
bir is ortagina sahip olmak istedigi belirlenmistir. Zamana kars1 yarismay1 gerektiren yas sebze meyve
tedarik siireglerini tamamen teknoloji tabanli yonetebilecek bir Gida Kurtarma Proje Yazilimu,
cografyalar arasinda ¢ok hizli hareket edebilme kabiliyetine sahiptir. Bolgesel bir aracinin satmak
istedigi bir {irlin i¢in irtibatta oldugu birkag iiretim tesisi bulunuyorken, proje i¢in tasarlanan yazilim
ylizlerce tesisin uygun olan kapasiteleri, o tesislerde iirliniin hangi forma doniistiiriilebilecegi, nakliye
dahil tim giderlerin ne kadar olacag:i gibi hesaplamalar dakikalar i¢inde yapabilecektir. Bu proje
sayesinde, ¢ok hizli sekilde karar alabilecegi bilgilere sahip olan spot gida brokerinin iiretime baglamasi
saglanirken, lireticinin emekle {irettigi tirlinlerin zayi olmas1 6nlenebilecektir.

Proje kapsamindaki girisim, spot gida sektoriinde mal alan, satan, iirettiren gida ticareti yapanlara
dogrudan hizmet verirken, gida hammaddesine doniistiiriilebilecek tarimsal {iriinii olan ¢iftcilere ve
iiretim tesislerinde atil kapasitesi bulunan gida {iretim isletmelerine (fabrikalar, atdlyeler, kooperatif
islikleri ve tarimsal birlik tesisleri) dolayli olarak hizmet vermeyi amaglanmigtir. Spot gida brokerlarini
spot gidanin islenecegi amaca uygun sertifikaya sahip gida isleme tesislerine kolayca erisim saglayarak,
tiim siire¢ boyunca ihtiyaca yonelik hizmet alabilecektir. Ciftciler/Ureticilerin iiriinlerini tedarikgileriyle
bulusturacak sistemimizde, spot gida alicilar1 sunulan se¢enekler arasindan ihtiyacina yonelik se¢imi
yapabilecek ve spot gida firsatlarim hizl bir sekilde degerlendirilebilecektir. Danismanlik sistemini
farkl kilan, dakikalar i¢inde olas1 tiim senaryolar1 degerlendirebilen bir karar destek yazilimi ve ¢oklu
dil yapisi ile bir¢ok iilkede hizmet verebilecek yapiya kavusabilecek olanaklar barmdirmaktadir.
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Projede tasarlanan yapay zeka destekli proje yazilimi ile karar verme mekanizmasina dayanan hatalarin
minimuma indirilmesi, gelistirilen kapali devre (finansal giivenlik) gida brokerligi pazar yeri ile ¢ok
genis cografyalarda iiriinlerin talep gérmesi amaglanmaistir. Proje yazilimi, tarimsal tedarik zincirindeki
tim paydaslart bir araya getirerek daha bilingli karar vermelerine gereksiz evrak islerini ortadan
kaldirmalarina, tedarik zinciri verimsizligini ve riskini azaltmalarina, karlilig1 arttirmaya olanak taniyan
bir yazilim platformu olma 6zelligine sahip olup ve bircok 6zelligi ile girisimimizle kesisen kiimesi
bulunmaktadir. Ancak proje yazilimi, atiga doniismek tizere olan tarimsal tirtinlerin Karar destek sistemi
ve danismanlik yonlendirmeleri ile gida ve kozmetik iiriine doniistiiriilmesine odaklanmasi agisindan
farkliliklar barindirmaktadir.

3. SONUC

Gida tedarik zincirindeki tiim halkalarin, sektorel farkliliklara ragmen geleneksel yontemlerle hareket
ettigi ve degisen dinamiklere uyum saglamakta olduk¢a zorlandigi bilinmektedir. Bunun sonucu olarak
20 y1l ve iizeri ismini koruyabilen gida firmasi sayis1 oldukca azdir. Ustelik bu durum ig piyasada sikint:
yaratirken, dis piyasada da tedarik¢i prestijimizi diisiirmektedir. Gida {iretim firmalar1 yerel aracilar
tizerinden hammadde tedariki yapmaktadir. Yerel aracilar ise gift¢ilere fiyat teklif etmektedir, ancak bu
teklifler genellikle piyasa fiyatinin ¢ok altinda degerlerde ger¢eklesmektedir. Gida iireticileri, aracilar
icin maksimum karlilikta bir iiretim zinciri olarak gériinse de, tarimsal {ireticinin ezildigi sistem, tedarik
zincirinin en 6nemli halkalarmin birbirine giivensizligi sonucunu dogurmaktadir. Giivensizlik i¢inde
kalan iiretici hem ekonomik kaygilar hem de gilivensiz ortam nedeniyle iiretimden vazge¢cmektedir.
Bunun yani sira her yil gida kayip ve israfi bu durumun en 6nemli tetikleyici olmaktadir. Tedarik
zincirinin her halkasinin, olusabilecek durumlar1 6nceden tahmin edebilen hizli karar aldirabilen
alternatif bilgi ve donanima sahip, risk ve siirprizlerden uzak, bir siire¢ yonetimine sahip olan bir karar
destek mekanizmasina ihtiyaci oldugu belirlenmistir.

Tim bu tespitler, kurulacak isin 6zellikle ilk yillarinda gereksiz ve yipratici rekabet kosullarindan
uzakta, kendi biiyiimesi ve gelismesi i¢in olaganiistii firsatlar olarak degerlendirilmektedir. Bu proje
kapsamindaki girisim, gida tedarik zincirinin tiim halkalarin1 kapsayici niteliktedir. Hasat ve hasat
sonrasi kayiplarin degerlendirilerek 6nlenmesine odaklandigindan, yazilim kapsaminda arz fazlasi olan
tiriin ve sezon odakli bir is modeli gelistirilmesi planlanmistir. Tiirkiye'nin farkli illerinde bir¢ok gida
liretim tesisi yoneticisi ile yapilan 6n goriismelerde Tiirkiye'deki gida isleme tesislerinin her y1l ortalama
minimum %25 atil kapasiteyle calistig1 bilgisine erigilmistir. Bu sonug literatiirdeki ¢aligmalarla da
paralellik tasimaktadir (FAO, 2014; TIOV, 2017). Gida tesislerinin depolama, ambalajlama ve tasima
sirasinda kalite kaybina ugrayan iiriinleri imha etmek yerine iiriinleri gida sanayide kullanilabilir hale
getirmek igin tesislerin tiretim siirecini degistirmeyecek her tiirlii imalat1 fason olarak yapma konusunu
degerlendirebilecekleri bilgisine ulasilmistir. Bu proje yazilimi ile birlikte iireticilere, tedarikgilere es
zamanh bilgi aligverisi saglanacak, ek istihdam kaynag yaratirken isletmelerinin karliliklart
artirllacaktir.

Uretilen gida hammaddesi iiriinlerin, 6zellikle yas sebze ve meyvelerin- piyasalarin daralmasi ve/veya
bagka bir nedenle alic1 bulamamasi halinde kay1ip yaganmasini 6nleyebilecek teknoloji destekli spot gida
iiretim danmigmanlig1 saglayacak bir yazilim gelistirilmesi her yil Tiirkiye'de iiretilen 52 milyon ton yas
sebze meyvenin yaklasik %25-30 unun hasat sirasinda ya da sonrasi kayba ugramasini engelleyecegi
distiniilmektedir.
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Ozet

Bu calisma, iki bolgeli bir gii¢ sisteminde Sekonder Frekans Kontrolii (SFK) i¢in yeni bir yaklasim
sunmaktadir. SFK gii¢ sistemlerinin frekans kararhiliginin saglanabilmesi i¢in 6nemli bir kontrol
islemidir ve ayrica otomatik iiretim birimi olarak da bilinmektedir. Gii¢ sistemlerinde SFK’nin
yapilabilmesi i¢in ¢esitli kontrolér yontemleri kullanilmaktadir. Bu ¢aligmada ise SFK i¢in oransal -
integral (PI) kontrolér tipi kullanilmaktadir ve PI kontroloriin kazang parametreleri olan Ky ve K; optimal
degerlerini belirlemek igin bir meta-sezgisel yontem olan Karga Arama Algoritmasi (KAA)
onerilmektedir. Onerilen KAA, termik iiretim birimleri iceren iki alanli enterkonnekte bir giic
sisteminde test edilmistir. Simiilasyonun 3. saniyesinde 0.1 birim degerlik bir yiikk degisimi
uygulanmigtir ve kontroloriin bu yiik degisimine karsi frekansi sabit tutabilme performansi
incelenmistir. Elde edilen sonuglar geleneksel yontem olarak bilinen Genetik Algoritma ve Ziegler-
Nichols sonuglari ile karsilagtirilmigtir. Sonuglar, 6nerilen KAA’nin diger yontemlere gore daha kisa
oturma siiresine ve daha az agma degerine sahip oldugunu gostermektedir.

Anahtar Kelimeler: Sekonder Frekans Kontrolii, PT Kontrol6r, Karga Arama Algoritmasi.

SECONDER FREQUENCY CONTROLLER DESIGN OF A TWO-AREA SYSTEM
VIA CROW SEARCH ALGORITHM

Abstract

This paper presents a novel approach for Secondary Frequency Control (SFC) in a two-area power
system. The SFC is an important control process to ensure frequency stability of power systems and also
known as an automatic generation control. Various controller methods are used for the SFC in power
systems. In this study, Proportional - Integral (PI) controller type is used for the SFC and a novel meta-
heuristic method, the Crow Search Algorithm (CSA) is proposed to determine the optimal values of Kp
and Ki, which are the gain parameters of the Pl controller. The proposed CSA has been tested in a two-
area interconnected power system with a thermal generator units. In the 3rd second of the simulation, a
load change of 0.1 per unit was applied in Area-2 and the frequency stabilization performance of the
controller against this load disturbance was examined. The obtained results were compared with the
Genetic Algorithm and Ziegler-Nichols results known as the traditional method. The results show that
the proposed CSA method has a shorter settling time and less overshoot than other methods.

Keywords: Seconder Frequency Controller, Pl Controller, Crow Search Algorithm.

1. GIRIS

Giic sistemlerinde elektrik enerjisi kalitesi i¢in sistemin frekans ve gerilim degeri kabul goriilen sinir
araliginda olmasi1 gereklidir. Sistemin frekans ve gerilim degeri ise sistemdeki yiiklerin dinamik bir
yapiya sahip olmasindan dolay etkilenmektedir. Sistemdeki tiretim birimlerinin {iretmis olduklar1 giig
miktarlar1 ya da talep edilen yiik degerindeki degisimler sistemin aktif glic dengesini bozacaktir ve
sistem frekansinin nominal degerinden sapmasina neden olacaktir. Bu sebeple, sistemin bir bozucu etki
sonrasinda frekans ve gerilim kararliligin1 koruyabilmek i¢in kontrolérlere ihtiyag duyulmaktadir.

Sistem frekansinin nominal frekans degerinden sapmasi sonucu bir alan kontrol hatasi olusmaktadir ve
bu hata degerinin sifirlanmasi igin sekonder frekans kontrolii islemi yapilmaktadir. Sekonder frekans
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kontrolii i¢in cesitli kontroldr yontemleri kullanilmaktadir. Ornegin basit bir yapiya sahip olan PI ya da
PID kontrolorler kullanilmaktadir. PI ya da PID kontrolérlerin kazang parametrelerinin optimal
degerlerini belirlemek icin Ziegler-Nichols (ZN) gibi geleneksel yontemler kullanilmaktadir
(Mallesham ve ark., 2011). Ancak sistemin bilyiimesi ve karmasik bir hal almasiyla birlikte bu
yontemlerin optimal degerleri bulmasi zorlagmaktadir (Canol ve ark., 2022). Bu durumda, sezgisel
yontemlere dayali yontemler gelistirilmektedir (Andic, 2022). Genetik Algoritma (GA) kullanilarak PI
kontrolriin parametresi ayarlamast yapilmistir (Abdel-Magid ve ark., 1995). Pargacik Siiriisii
Optimizasyon (PSO) yontemi kullanilarak PI kontroloriin parametreleri ayarlanmigtir (Shayeghi ve ark.,
2008). Yeni sezgisel yontemlerden biri olan Bal Porsugu Algoritmasi (BPA) (Andic ve ark., 2022) ile
PI kontroldriin parametreleri ayarlanmistir.

Bu calismada ise iki alanli enterkonnekte gii¢ sistemlerinde sekonder frekans kontrolii icin dogadan
esinlenilmis yeni bir meta-sezgisel yontem olan Karga Arama Algoritma (KAA) tabanli PI kontroldr
onerilmektedir. Onerilen KAA-tabanli PI kontroloriin yiik degisim cevaplari, GA ve ZN ile
karsilastirilmastir.

2. SEKONDER FREKANS KONTROLU

Giig sistemlerinde senkron jeneratoriin ug gerilim degeri ile reaktif giic degeri ve frekans degeri ile aktif
gii¢ degeri arasinda bir iligki vardir (Andic ve ark., 2022). Bu durumda, sistemdeki aktif gii¢ talebinin
degisim gostermesi sistemin frekansini degistirmektedir. Sistemin frekans kararliligin1 koruyabilmek
icin kontrolore ihtiyag duyulmaktadir. Herhangi bir yiikk degisimi sonrasi sistemin frekansim
koruyabilmek i¢in primer frekans kontrolii, sekonder frekans kontrolii veya tersiyer frekans kontrolii
islemleri uygulanmaktadir. Primer frekans kontrolde talep edilen gii¢ degeri ve {iiretilen giic degerleri
birbirlerine esitlenirken, frekansta iiretim birimlerinin frekans diigiilerine bagl olarak bir miktar kayma
olmaktadir. Sekonder frekans kontrolii ise, primer frekans kontroliinde olusan bu frekans kayma hatasini
diizelmektedir. Sekonder frekans kontrolii, sistemin frekansini diizeltebilmek icin enterkonnekte
sistemde yer alan alanlardaki {iretim ve tiiketimi dengeye getirmeye calismaktadir. Sekonder frekans
kontroliinde, primer frekans kontroliine ek olarak Alan Kontrol Hatas1 (Area Control Error — ACE)
sinyali olusmaktadir. Enterkonnekte bir gii¢ sisteminin primer ve sekonder frekans kontrolii Sekil 1°de

gosterilmistir.
B
/ \ N

Sekonder Frekans Kontrol R
AP,

Primer Frekans Kontrol \
ap,,

= ACE K : . : ‘
s 1+5Tg 1+sT + e
Governor Prime Mover ‘
APH( AP“(’ AP‘

Sekil 1. Primer ve sekonder frekans kontrolii.

Sekonder frekans kontrolii isleminde, frekansin nominal degerinden farkli bir deger almasi sonucu
olusan ACE sinyalini sifirlamak istenilmektedir. ACE sinyalinin denklemi asagidaki gibidir:

ACE
= APy, + B.Af D

burada, AP;, enterkonnekte gii¢ sisteminde Alan-1 ve Alan-2 arasindaki gii¢ akis1 degisimini temsil

etmektedir, B generatorlerin frekans yonelim faktoridir birimi MW/Hz’dir ve Af yiik degisimi
sonucunda frekanstaki degisimi gostermektedir.
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Bu ¢alismada, frekans degisimi sonucu olusan ACE sinyalini sifirlamak i¢in PI kontrolor kullanilmastir.

3. KARGA ARAMA ALGORITMASI

Dogadan esinlenen yeni bir meta-sezgisel yontem olan Karga Arama Algoritmast (KAA) Askarzadeh
tarafindan 2016 yilinda Onerilmistir (Askarzadeh, 2016). KAA, kargalarin yiyecek arama
davranislarindan esinlenilmis bir algoritmadir. Kargalar ¢ok zeki bir kus tiiriidiir ve yiyecek aramalari
ve saklamalar1 dikkatleri iizerine ¢ekmistir. Kargalar siiriiler halinde yasayan canlilardir. Kargalar
bulduklar yiyeceklerin fazlasini yuvalarinda depolamaktadir. Kargalar birbirlerini takip eden, izleyen
canlilardir ve yiyecek arama davraniglarini taklit etmekte hatta yiyecek-hirsizligi yapmaktadir. Kargalar
birbirlerini takip ederken takip edildiklerini fark edip etmediklerini belirleyen bir farkindalik olasilig1
parametresi vardir. Bu parametre algoritmanin kiiresel arama kabiliyetini 6ne ¢ikarmaktadir (Andic ve
ark., 2020). Kargalarin arama uzayinda yeni bir ¢oziim ararken yerel arama kabiliyetlerini ilgilendiren
bir diger parametre ise ugus mesafesidir. Ucus mesafesi parametresi ve farkindalik olasilig1 parametresi
sayesinde karga arama algoritmasi kesif ve somiirii adimlarini basariyla gergeklestirebilmektedir (Andic
ve ark., 2022). Bu ¢alismada ise enterkonnekte gii¢ sisteminde sekonder frekans kontrolii i¢in kullanilan
PI kontroldriin kazang parametrelerinin belirlemek icin KAA onerilmektedir.

4. TEST SISTEMIi

Onerilen KAA-tabanli sekonder frekans kontroldr tasarinmi iki alanli enterkonnekte bir giic sistemi
iizerinde test edilmistir. Iki alanl enterkonnekte gii¢ sisteminde her iki alanda da termik iiretim birimi
bulunmaktadir. Onerilen test sistemi MATLAB / Simulink benzetim programi iizerinde modellenmistir.
Modellenen sistem Sekil 3’te gosterilmektedir.

Optimizasyon

ACE, _ 1 AP 1 1 Kp1 A4
ij Controller 145T 5 14sTq, 145Tp
+
. |
I n + 9
L O
- 4
I - .
| Af.
L uz + 1 AP 1 Kpa 2
Controller 1+5T o 14sT 3 14+sTp, o

Sekil 3. Iki alanli enterkonnekte gii¢ sisteminin modellenmesi.

Sekil 3°te, Alan-1’de termik {iretim birimine ait generator — tiirbin ve gii¢ sisteminin transfer fonksiyon
modellemesi sirasiyla belirtilmistir. Alan-1’de uygulanacak herhangi bir yiik degisimi AP, olarak
gosterilmistir ve alanlar aras1 yiik degisimi ise AP;,0larak gosterilmistir. Yiik degisimi sonucu olusan
frekans degisimi ise kontrolor yardimi ile kontrol edilmektedir. Bu ¢alismada PI kontrol6r kullanilmistir
ve PI kontroloriin kazang parametreleri olan K, ve K;parametrelerinin optimal degerlerini belirlemek
icin yeni bir meta-sezgisel yontem olan Karga Arama Algoritmasi kullamlmistir. Karga arama
algoritmasi, arama uzaymda PI kontrolor kazang¢ parametrelerinin optimal degerini ararken uymasi
gereken alt ve iist sinir araligl vardir. Bu araliklar asagidaki denklemde gosterilmistir.

KP,min < KP
< KP,max (2)
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KI,min < KI
< Kl,max (3)

5. SIMULASYON SONUCLARI

Sekil 3°te gosterilen test sisteminde, simiilasyonun 3. saniyesinde Alan-1’de 0.1 pu’luk bir yiik degisimi
yapilmistir. Bu degisimine karsi sistemin frekans degeri salimm gostermektedir ve kontroldr yardimiyla
bu olusan frekans saliniminin en kisa siirede oturmasi istenilmektedir. Bu ¢alismada kullanilan PI
kontroloriin kazang parametrelerinin optimal degerlerini belirlemek icin Karga Arama Algoritmasi 30
kez kosturulmustur. KAA’ nin parametreleri ise soyledir; karga siirlisii sayis1 = 50, karga sayis1 (arama
uzayindaki ¢ozliim adaylarini temsil etmektedir ve bu problemde optimal degerleri bulunulmak istenilen
4 degisken vardir) = 4, ucus mesafesi = 2, farkindalik olasiligi = 0.3, degiskenlerim alt sinir degeri = -
2.0, degiskenlerin st sinir degeri = 2.0, maksimum iterasyon sayisi = 10.

Onerilen KAA’nin optimizasyon isleminden sonra bulmus oldugu PI kontroldr kazang parametre
degerleri Tablo 1°de diger yontem sonuglari ile birlikte karsilagtirmali olarak verilmistir.

Tablo 1. PI kontroloriin optimal kazang parametre sonuglari.

Pl Kontroloriin Yontemler
Parametreleri Ziegler-Nichols Genetik Algoritma Karga Arama Algoritmasi
Kp1 -1.5755 -0.3958 -0.0966
Kiz -0.2674 -0.0449 -0.0160
Kp2 -1.4288 -2.0000 -1.9962
Ki2 -0.6148 -0.9565 -0.9208
Maliyet Fonksiyonu (ITAE) 8.3242 5.1645 4.8502

Tablo 1’e gore onerilen KAA ile elde edilen PI kontrolor kazang parametre degerleri -0.0966, -0.0160,
-1.9962 ve -0.9208 dir ve goriildiigii iizere basta belirtilen alt ve iist sinir araligina uymaktadir. Onerilen
yontemin performansini degerlendirebilmek igin ¢esitli yontemler kullanilmaktadir. Bu ¢alismada ise
ITAE degeri dikkate alinmistir ve bu deger sistemin maliyet fonksiyonunu temsil etmektedir ve
minimize edilmesi istenilmektedir. Tablo 1’e gore, onerilen KAA-Tabanli PI kontrolor sistemin
parametrelerini en iyi sekilde optimize ederek en az ITAE degerine ulagilmasini saglamistir.

Onerilen KAA-Tabanli PI kontrolér, iki alanli enterkonnekte giic sistemi iizerinde test edilmistir ve
simiilasyonun 3. saniyesinde Alan-1’de 0.1 pu’luk bir yiik degisimi uygulanmistir. Boyle bir senaryo
durumunda Alan-1’de olusan frekans degisimi Sekil 4’te gosterilmistir.

I I I I I
0.05 .
0 ——
-0.05 .
g
~ -0.1 .
=
&
T 0.15 F 4
2 0.15
0.2 F .
—KAA
-0.25 —GA -
—Ziegler-Nichols
03 —--Referans sinyal -
1 1 1 1 1
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Time (s)

89



INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCES | PROCEEDINGS BOOK

Sekil 4. Alan-1°deki frekans degigimi.

Sekil 4°de, yiik degisimi sonras1 Alan-1’deki frekans degisimi gosterilmistir ve frekansin en az genlige
sahip olmasi ve en kisa siirede yiik degisimi Oncesindeki baslangi¢ durumuna donebilmesi
istenilmektedir. Sekil 4’de goriildigii tizere, frekansin en az asma degerine ve en kisa siirede oturdugu
durum oOnerilen KAA-tabanli PI kontrolér durumudur. Sekil 5’te ise Alan-2°deki frekans degisimi
gosterilmistir.

I I I I I
0.05 -
0
Py
N
E-0.0S - -
&
8
o -01F i
A
-0.15F |
—KAA
—GA
021 —Ziegler-Nichols |
===Referans sinyal
1 1 1 1 1
0 5 10 15 20 25 30

Time (s)
Sekil 5. Alan-2’deki frekans degisimi.

Sekil 5’te ise frekanstaki salinim Snerilen KAA-tabani kontrolor yardimiyla en kisa siirede oturdugu
goriilmektedir. Sekil 6’da alanlar arasindaki gii¢ degisimi gosterilmektedir.
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Sekil 6. Alanlar arasindaki gii¢ degisimi.

Sekil 6’da, onerilen KAA-tabanli kontroldriin yiik degisimine karsi alanlar arasindaki gili¢ degisimini
cok etkilemende hizli bir sekilde kontrol altina aldig1 goriilmektedir.

6. SONUCLAR

Bu calismada iki alanli enterkonnekte gii¢c sisteminin sekonder frekans kontrolii KAA-tabanli PI
kontrolér Onerilmistir. Simiilasyonun 3. saniyesinde Alan-1’de 0.1 pu’luk bir yik degisimi
uygulanmigtir ve bu yiik degisimine kars1 frekansin hizli bir sekilde nominal degerine getirilmesi
istenilmektedir. Onerilen KAA-tabanli PI kontrolér sonuglari ile Genetik Algoritma ve Ziegler-Nichols
yontem sonuglart karsilastirilmigtir. Elde edilen sonuglar, onerilen KAA-tabanli kontroloriin diger
yontemlere gore sistemin frekansini ¢ok daha az agma degeriyle birlikte ¢ok daha kisa zamanda
oturttugu goriilmektedir. Bu calisma, gii¢ sistemlerinde sekonder frekans kontrolii i¢cin 6nerilen KAA-
tabanli PI kontroldr yonteminin uygulanabilecegini gostermektedir.
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Abstract

One of the most prevalent and dangerous diseases among women worldwide is breast cancer. The early
identification of this disease is therefore crucial. However, typical methods for diagnosing breast cancer
have some drawbacks. In order to overcome these disadvantages, microwave imaging methods have
been developed. This study presents the design and modification of a rectangular microstrip patch
antenna on an FR-4 substrate operating at 2.45 GHz in the ISM band for breast cancer detection. Both
the proposed antenna and a five-layer breast phantom with and without a 5 mm-radius tumor were
designed using CST software. To detect the presence of a tumor, distance dependent simulations were
performed between the antenna and the breast phantom. The simulation outcomes revealed that the
return loss, electric field, magnetic field, and surface current all change when a tumor is present in the
breast phantom. Moreover, our results indicated that the antenna located 20 mm from the breast phantom
can identify the tumor more efficiently compared to the antenna located at 40 mm. We also observed
that the VSWR of the antenna is lower than 2, which is an acceptable limit for radiation. Due to its tumor
detection capability and acceptable SAR values, our proposed antenna can be used as a sensor in
biomedical applications.

Keywords: Microstrip Patch Antenna (MPA), Microwave Imaging (MW]1), Breast Tumor, Breast
Cancer Detection, Biomedical Applications.

1. INTRODUCTION

The diagnosis of breast cancer has been the subject of extensive research by many researchers in recent
years, as breast cancer is the most common type of cancer among women (Slimi et al.,
2019). Uncontrolled development of breast cells causes breast tumors. Although these developments are
commonly referred to as breast tumors, not all of them are cancerous. Breast tumors can be classified
into two types: benign and malignant. Malignant tumors are the only type of cancer. Malignant tumors
can spread and develop rapidly, engulfing healthy cells and consuming their nutrients, blood, and space
since tumor cells, like all other body cells, require blood and nutrients to survive. In addition, malignant
tumors are called metastatic tumors when they spread to the rest of the body. On the other hand, benign
tumors are referred to as tumors that do not infiltrate into neighboring tissues or spread to other parts of
the body. Generally speaking, benign tumors are less dangerous than malignant ones. However, a benign
tumor might still cause various issues in the breast by pressing on adjacent tissue (Dishali et al., 2019).

In both industrialized and developing nations, breast cancer affects women more often than other types
of cancer. One in four of all tumors in women worldwide currently occurs as a result of breast cancer.
In 140 of 184 countries around the globe, it is the most commonly diagnosed cancer in women. More
than 2.3 million women received a breast cancer diagnosis in 2020, and 685,000 of them passed away.
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According to research, a woman receives a breast cancer diagnosis every 14 seconds around the world
(Breast Cancer Research Foundation, 1993). Due to a late diagnosis, women all over the world suffer
from the effects of this disease. Therefore, early breast cancer tumor detection is crucial to providing
the necessary, accurate, and effective treatment to increase the survival rate of women.

Tumor detection involves the use of various techniques such as X-ray mammography, ultrasound,
computed tomography (CT) scan, magnetic resonance imaging (MRI) scan, biopsy, and others. These
techniques are usually used at the stage where the tumor is located, and they are unable to identify
malignant cells in the early stages. The drawbacks and limitations due to the side effects of these
techniques, such as ionizing radiation in CT, long scan times in MRI, and contrast problems in
ultrasound, have encouraged researchers to create a more efficient, inexpensive diagnostic technique to
identify cancer (Al-Nahiun et al., 2021). For instance, the size of the tumor, the density of the breast
tissue, and the expertise of the radiologist performing and interpreting the mammography may all affect
a mammogram's ability to detect breast cancer.

In recent years, antenna technology has advanced far more quickly across all communication fields. A
microstrip antenna currently plays a crucial role in the medical industry, in addition to its uses in other
fields. The study of on-body antennas has applications in microwave imaging and medical diagnosis.
The antenna is utilized in numerous medical applications, including cancer therapy, tumor identification,
remote health monitoring, digestive monitoring, hyperthermia, and cancer treatment. It is anticipated
that human body absorption and coupling will change significant antenna performance characteristics
(Sukhija and Sarin, 2017). Antennas are frequently chosen for biomedical applications due to their
versatile features, such as their non-ionizing nature, increased bandwidth, low profile, lightweight,
flexibility, compact and lower dimensions, simple transportability, low cost, and ease of manufacture
(Balanis, 2016).

It has been investigated how non-destructive microwave imaging systems based on radar can be used to
diagnose cancer. A microwave imaging system for the detection of breast cancer comprises a
transmitting antenna that sends electromagnetic waves to the breast and a receiving antenna that gathers
the scattered waves. Information about the location, shape, size, and electrical characteristics of the
tumor are all contained in scattered waves that have been received by the antenna. The received
information is then analyzed with an appropriate signal processing technique. Due to the different water
content between malignant cells and neighboring healthy tissues, electrical differences such as
permeability and conductivity allow cancer to be identified by the antenna. Therefore, utilization of the
antenna is an integral factor for microwave breast cancer detection (Mahalakshmi and Jeyakumar, 2012)
(Suriya et al., 2018).

Microstrip patch antennas have been used extensively in research on the early diagnosis of breast cancer.
In 2016, RamaDevi et al. designed a single-element rectangular microstrip antenna operating at 6 GHz
for biomedical use in locating breast cancer tissues (RamaDevi et al., 2016). In 2016, Ali Kahwaji et al.
presented a breast phantom simulation along with the design and modeling of a hexagonal microstrip
antenna. By adding a hexagonal slot in the middle of the patch, it was possible to imitate an antenna
with an impedance bandwidth of over 5 GHz (Kahwaji et al., 2016). In 2019, Marwa Slimi et al.
introduced a CPW antenna design for microwave tumor cell identification. At 4.5 GHz, the simulation
outcomes of the antenna performance in free space using CST-MWS are displayed (Slimi et al.,
2019). In 2019, Sumita Shekhawat et al. proposed an antenna operating at 2.46 GHz in the frequency
range (2.41-2.5 GHz) of the ISM band suitable for medical purposes (Shekhawat et al., 2019). In 2021,
Donia N. Elsherif et al. also presented the design and modification of a rectangular microstrip patch
antenna for breast cancer detection (Elsherif and Makkey, 2021).

In this paper, we report on the direct detection of breast tumors in breast phantoms using a microstrip
patch antenna (MPA) operating in the ISM band. The Computer Simulation Technology (CST) Studio
Suite is used to design and simulate the antenna and a biological breast phantom consisting of five tissue
layers. The performance of the suggested antenna is assessed by contrasting changes in specific
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absorption rate (SAR), gain, electric field, directivity, VSWR, and reflection coefficient on a tumor-free
and tumor-affected phantom positioned at different distances. According to simulation outcomes, our
results reveal that the tumor can be detected in the breast phantom with our proposed antenna at different
distances. Results from the antenna located 20 mm from the breast phantom containing the tumor
outperform the results obtained at a distance of 40 mm.

2. MATERIALS AND METHODS

2.1 Microstrip Patch Antenna Design

The basic MPA structure consists of a rectangular patch, a feed line, a dielectric substrate, and a ground
plane. Although an MPA has several benefits, such as smaller size and lower fabrication cost, its
drawbacks include a limited frequency range, low power handling capability, low gain, and poor
efficiency due to dielectric and conductor losses.

In this study, we designed a slotted MPA with an FR-4 substrate together with a breast phantom for
tumor detection applications. The proposed MPA was simulated at a resonant frequency of 2.45 GHz
under the ISM frequency band (2.4-2.5 GHz) in CST Studio Suite 2020.

Annealed copper material was used for the patch layer, feed line, and ground layer of the antenna since
copper is readily available, a good conductor, relatively inexpensive, and a highly reactive material that
is effective at dissipating electrical energy. The substrate layer of the antenna was made of lossy FR-4
material with dimensions of 65.4 x 88.99 x 1.6 mm?3, a dielectric constant of 4.3, and a loss tangent of
0.025. The patch layer and ground layer of the antenna are each 0.035 mm thick. The total thickness of
the proposed antenna is 1.67 mm.

The geometrical shape of the rectangular slotted MPA fed by a microstrip feed line is shown in Figure
1. The white color in Figure 1 represents the substrate, while the yellow color denotes the metallic parts.
The inset-feeding method has been applied to the antenna, and the waveguide port for that feeding was
placed at the bottom of the feeding line. With this kind of feed technique, the feeding port can be etched
on the same substrate, producing a planar structure. Using the transmission-line circuit model, the design
goal was to maintain a low return loss almost at the resonance frequency of 2.45 GHz (Balanis, 2016).
A rectangular slot is cut in the middle of the rectangular patch, which helps to lower the reflection
coefficient below -10 dB.

The width of the patch I, the effective dielectric constant €., the effective length L, the

extended incremental length on account of the fringing factor AL, the actual length of the patch L, the
width of the ground plane W, and the length of the ground plane L, for the proposed MPA can be
calculated by the following equations:

C
W= (1)
& +1
2/, |5
& 4+1 e —1 h\"9°
Erefy =+ <1+12W> (2)

C
Lypr=——r 3
eff =3 folErers (3)

(% +0.264) (greps +0.3)

AL = 0.412 Wh (4)
(5 + 0.813) (erers — 0.258)

W, = 2w (6)

Ly = 2L (7)
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where c is the velocity of light in free space, f, is the operating or resonant frequency, &, is relative
permitivity of the substrate, and h is the thickness of the substrate. As can be seen, the physical
dimension of the antenna is electrically shorter than the patch of the antenna due to the fringing factor.
Therefore, the fringing factor was subtracted from the effective length in order to determine the patch's
actual length.

The theoretically calculated values must be adjusted in order to attain our target resonant frequency
because they are insufficient to fulfill our goal for the design. Using the CST Studio Suite parametric
sweep optimization tool, several of the design parameters were optimized. The suitable simulation
measurements were chosen in order to check for antenna design purposes. The appropriate and
optimized design parameters in the millimeter range for the suggested antenna are summarized in Table
1.

Table 1. The Proposed Antenna Dimensions in Free Space

Parameter | Value (mm) Description
Sub_X 65.4 Substrate and Ground Dimension along X-Axis
Sub_Y 88.99 Substrate and Ground Dimension along Y-Axis
Sub_Z 1.6 Substrate Thickness along Z-Axis
Patch_X 37.26 Patch Dimension along X-Axis
Patch_Y 37.027 Patch Dimension along Y-Axis
Ins_Gap 1.537 Gap between Feeding Line and Patch
Ins_Dis 9.574 Feeding Line Insertion
Feed W 3.036 Feeding Line Width
Cop. T 0.035 Copper Thickness along Z-Axis
Slot_X 13.6 Slot Dimension along X-Axis
Slot_Y 1.065 Slot Dimension along Y-Axis

The antenna is constructed and simulated using the CST time domain solver with hexahedral mesh in
the initial step of our planned work. The next step is to use CST to construct the breast phantom with
the suitable dimensions. After successfully designing the antenna and phantom model, the next step is
to determine whether a breast tumor is present in the breast model. The proposed antenna is then
individually tested on the phantom with and without a tumor.

2.2 Breast Phantom Modeling

Using the CST, a realistic biological multi-layer model resembling a human breast is created. For ease
of modeling, each breast phantom is created as a hemisphere with a radius of 56 mm, containing the
breast layers from the skin layer to the glandular tissue of the breast. There are five tissue layers in the
phantom, and the electrical characteristics and thickness of each layer are specific. These layers include
skin, adipose (breast fat), glandular tissue, blood, and muscle.

The Tissue Properties Database of the Foundation for Research on Information Technologies in Society
(IT’IS Foundation) was used to determine the permittivity, electrical conductivity, mass density, heat
capacity, and thermal conductivity of tissue layers. Table 2 lists all the electrical properties at 2.45 GHz
and the physical dimensions of the different parts of the breast phantom.

After designing the phantom, a tumor with a radius of 5 mm was placed in the breast phantom. The
tumor was modeled as a sphere located 30 mm below the apex of the breast phantom. Distance-
dependent measurements were acquired when phantoms with and without tumors were placed 20 mm
and 40 mm from the center of the antenna. The results obtained from the simulations were acquired at
an operating frequency of 2.45 GHz.
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Table 2. Electrical and Physical Characteristics of the Multi-Layer Breast Phantom at 2.45 GHz

Skin | Adipose | Blood Breast Gland Muscle | Tumor
Permittivity 38 5.14 58.2 57.2 52.7 55
Conductivity (S/m) 1.48 0.14 2.57 2 1.76 4
Mass Density (kg/m3) 1109 911 1050 1041 1090 1058
Heat Capacity (J/kg/°C) 3391 2348 3617 2960 3421 -
Ther'??,:,f;'}?g)c"'v'ty 037 | 021 0.52 0.33 0.49 -
Outer Radius (mm) 56 54 52 50 - 5
Inner Radius (mm) 54 52 50 0 -
Thickness (mm) 2 2 2 50 8 5

Figure 1 shows the schematic of the proposed antenna, breast phantom with and without tumor, and
healthy breast model with the appropriate labeling. Layers are denoted by different colors.

(a) : (b) (©

(d)

Breast Fat «
Blood

Glandular ~———

Muscle +———

Figure 7. (a) The Geometrical Shape of the Antenna, (b) Side View of Healthy Breast Phantom, (c)
Side View of Tumor-Affected Breast Phantom, and (d) Different Layers of Breast Phantom

3. RESULTS

3.1 Slotted MPA Performance Analysis in Free Space

The off-body performance characteristics of the optimized MPA were evaluated in free space. The
reflection coefficient of the proposed antenna at 2.45 GHz is -28.718 dB, indicating that only 0.134%
of power is reflected back from the input terminal of the antenna. The bandwidth of the antenna is 68.9
MHz from 2.4158 GHz to 2.4847 GHz. The voltage standing wave ratio (VSWR) of the antenna is very
close to the optimal value of 1, which indicates a well-matched antenna, and its value is 1.0761.
Directivity is equal to 6.914 dBi. The 1-D radiation pattern (phi = 90) has a main lobe magnitude of
6.91 dBi at 10 degrees, an angular width of 3 dB of the antenna at 82 degrees, and a side lobe level of -
17.7 dB. The radiation efficiency and total efficiency of the antenna are -5.247 dB and -5.253 dB,
respectively. The S;; parameter, VSWR, 3-D farfield radiation pattern, and electric field distribution of
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the designed antenna are depicted in Figure 2, while the antenna characteristics are summarized in Table
3.
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Figure 8. Performance of the Designed Antenna in Free Space. (a) Reflection Coefficient, (b) VSWR,
(c) 3-D Farfield Radiation Pattern, and (d) Electric Field

Table 3. Characteristics of the Desighed Antenna in Free Space

Values
Resonant Frequency (GHz) 2.45
Reflection Coefficient (dB) -28.718
VSWR 1.0761
10 dB Bandwidth (MHz) 68.9
Directivity (dBi) 6.914
Gain (dBi) 1.667
Main Lobe Magnitude (dBi) 6.91
Main Lobe Direction (degree) 10.0
3 dB Angular Width (degree) 82.0
Side Lobe Level (dB) -17.7
Radiation Efficiency (dB) -5.247
Total Efficiency (dB) -5.253

3.2 Slotted MPA Simulation with Healthy Breast Phantom

The parameters of the antenna have been examined under on-body conditions. The tumor-free phantom
was located in front of the MPA at a distance of 20 mm and 40 mm. All the data obtained from Figures
3 and 4 are summarized in Table 4.

97



INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCES | PROCEEDINGS BOOK

(a) 5 S-Parameters [Magnitude in dB] » (b) 55 Voltage Standing Wave Ratio (VSWR)
16 /\’\
" ; H 4 i i : : & \\ Y
ST — Lo — 61 4 8 N = vswei]
-20 pdf al( 2.45, -20.852 ) . \ / 01( 2.45,1.1994 )
o (2.457, -23.899 ) @ (2457, 1.1364)
-25 < 2 0
2 2% 2223 24 25 26 27 28 29 3 2 21 22 23 24 25 26 27 28 29 3
Frequency / GHz Frequency / GHz
W/kg
(C) (d) 0.00365

0.0034
0.0032

0.003
0.0028
0.0026
0.0024
0.0022

0.002
farfield (f=2.45) [1] Saeie
Type Farfield A SAR (f=2.45) [1] (19) 0.0016
Approximation enabled (kR >> 1) Type i 0.001¢
Component  Abs Frequisney 245 GHz 0.0012
Output Directivity Wavelength 122.364 mm 0.001
Frequency 245 GHz Maximum (Soiver) 0.00364768 W/kg 0.0008
Rad. Effic. -9.176 d8 Max. position 0000, 0266, 24667 mm y 0.0006
Tot. Effic. 922008 Minimum (Solver) 0 W/kg g':g‘n’;
Dir. 6,872 68 Min. position -85.979, -85.979, -30.814 mm -

Figure 9. Performance of the Antenna at a Distance of 20 mm From Healthy Breast Phantom. (a)
Reflection Coefficient, (b) VSWR, (c) 3-D Farfield Radiation Pattern, and (d) SAR Distribution
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Figure 10. Performance of the Antenna at a Distance of 40 mm From Healthy Breast Phantom. (a)
Reflection Coefficient, (b) VSWR, (c) 3-D Farfield Radiation Pattern, and (d) SAR Distribution

Table 4. Performance Parameters Variation of MPA with Healthy Breast Phantoms at 2.45 GHz

Values

Phantom-Antenna Distance 20 mm 40 mm

Resonant Frequency (GHz) 2.457 2.447
Reflection Coefficient (dB) -20.852 | -22.122
VSWR 1.1994 1.1699
Maximum Electric Field (kV/m) 18.5368 | 19.3491
Maximum Magnetic Field (A/m) 210.036 | 210.768
Maximum Surface Current (A/m) 177.01 177.427
Specific Absorption Rate (W/kg) 0.0036 0.0016
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Gain (dBi) 2304 | -1.729
Directivity (dBi) 6.872 6.731
Radiation Efficiency (dB) -9.176 -8.460
Total Efficiency (dB) -9.220 -8.483

3.2 Slotted MPA Simulation with Tumor-Affected Breast Phantom

The antenna characteristics, including reflection coefficient, electric field strength, surface current,
magnetic field, gain, directivity, and SAR, were also obtained to detect the presence of the tumor in the
breast phantom. All the data extracted from Figures 5 and 6 are summarized in Table 5.
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Figure 11. Performance of the Antenna at a Distance of 20 mm From Tumor-Affected Breast
Phantom. (a) Reflection Coefficient, (b) VSWR, (c) 3-D Farfield Radiation Pattern, and (d) SAR
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Figure 12. Performance of the Antenna at a Distance of 40 mm From Tumor-Affected Breast
Phantom. (a) Reflection Coefficient, (b) VSWR, (c) 3-D Farfield Radiation Pattern, and (d) SAR
Distribution
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Table 5. Performance Parameters Variation of MPA with Unhealthy Breast Phantoms at 2.45 GHz

Values
Phantom-Antenna Distance 20 mm 40 mm
Resonant Frequency (GHz) 2.455 2.445
Reflection Coefficient (dB) -22.17 -21.264
VSWR 1.1689 1.1893
Maximum Electric Field (kV/m) 18.736 19.508

Maximum Magnetic Field (A/m) 218.383 | 218.603
Maximum Surface Current (A/m) 186.561 | 186.551

Specific Absorption Rate (W/kg) 0.0037 0.0016
Gain (dBi) -2.308 -1.730

Directivity (dBi) 6.868 6.724
Radiation Efficiency (dB) -9.176 -8.455
Total Efficiency (dB) -9.208 -8.481

4. DISCUSSION

4.1 Interpretation of Slotted MPA Simulation with Healthy Breast Phantom

The simulation results show that the return loss of the antenna at on-body decreased from 28.718 dB to
20.852 dB for a 20-mm distance and 22.122 dB for a 40-mm distance at the operating frequency of 2.45
GHz. We also observed that the resonant frequency of the antenna used for healthy breast phantom has
shifted from its resonant frequency in free space. A higher VSWR was obtained for both distances when
the antenna was installed on the tumor-free phantom model. However, all VSWR measurements are
within acceptable limits. Its directivity gradually decreased from 6.914 dBi to 6.872 dBi for 20-mm and
6.731 dBi for 40-mm. Similarly, its gain value reduced from 1.667 dBi to -2.304 dBi for 20-mm and -
1.729 dBi for 40-mm. The radiation absorbed by the phantom when the antenna starts radiating towards
it must be determined before using the antenna for biological applications, such as breast cancer
diagnosis, because there is a limit to how much SAR value human tissues can tolerate. The Federal
Communications Commission (FCC), which refers to patient safety, states that the SAR value for 1 g of
tissue should be less than 1.6 W/kg as per the American Standard (Federal Communications
Commission, 2019). According to all the results obtained, we can see that the maximum SAR values for
1 g of tissue and 1 mW of power were not harmful to human health.

4.2 Interpretation of Slotted MPA Simulation with Tumor-Affected Breast Phantom

It can be seen that there is a variation in the return loss value in all results obtained from tumor-affected
breast phantoms compared to healthy breast phantoms. The return loss of the antenna with the tumor-
affected phantom placed at 20 mm was higher than the return loss of that at 40 mm. Therefore, it can be
said that when the distance between the antenna and the phantom increases, the return loss of the antenna
decreases in the unhealthy phantom case. Moreover, an inconsistent breast phantom could be inferred
from a variation in the reflection coefficient value. Energy is dispersed differently as a result of this
variance brought on by the tumor because normal and malignant tissue have different electrical
characteristics due to the high water ingredient in the tumor. In our design, the change in reflection
coefficient between a healthy and unhealthy phantom was greater for MPA at a distance of 20 mm. As
a result of the antenna impedance and its feeding transmission line's mismatched impedance in these
arrangements, the VSWR was quite high with respect to the value obtained for the antenna in free space,
indicating that the power would not be transferred effectively. Some of the power was returned in
another manner. Higher VSWR values correspond to higher impedance mismatch values. According to
the results, the VSWR value increased from 1.1689 to 1.1893 when the distance between the antenna
and the tumor-affected breast phantom was increased. In addition, we obtained higher VSWR at 20 mm
distance for the tumor-free phantom and at 40 mm distance for the tumor-affected phantoms. Referring
to Table 5, we observed that increasing the distance between the antenna and the tumor-affected
phantom increased the gain of the antenna while slightly decreasing its directivity. The presence of a
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tumor also slightly decreased both the directivity and gain of the antenna as opposed to the tumor-free
case. However, the presence of a tumor significantly increases the surface current of the antenna as
compared to the antenna utilized with a healthy phantom at both distances. Our results indicate that the
maximum electric field increased when the antenna was located away from the tumor-affected phantom.
This makes sense since the electric field depends on the square root of the power delivered to the
antenna, that is, VSWR. As for the SAR values, there was no noticeable difference in values obtained
from healthy and unhealthy phantoms. However, the antenna's SAR value was observed to be slightly
higher in breasts with tumors than in breasts without tumors if the fifth decimal place were taken into
account of the simulated SAR values. The SAR value also decreased when the antenna-to-phantom
distance was increased for both tumor-free and tumor-affected phantoms. Our proposed antenna is fully
biocompatible, as it meets SAR requirements and prevents harmful heating of biological tissues.

5. CONCLUSION

In this study, a biomedical on-body slotted MPA operating at 2.45 GHz in the ISM band is presented.
The proposed antenna is simulated in free space and with a 3-D breast phantom. The special
characteristics of this antenna include low return loss (-28.718 dB), small dimensions, moderate
bandwidth (68.9 MHZz), and an acceptable VSWR profile (1.0761). A breast phantom was successfully
designed and simulated for measurement of antenna parameters in both instances (with and without
tumor). The embedded tumor was represented as a sphere in accordance with the different dielectric
characteristics of malignant tissue, while the breast phantom was modeled as a hemisphere. The
designed antenna has been tested at different positions from the phantom. Therefore, it was examined
how the distance of the antenna from the phantom affects its electrical characteristics while detecting
breast cancer. Various output parameters, such as the electric field, return loss, VSWR, efficiency, SAR,
etc., have been achieved successfully. By measuring the difference between these parameter changes, a
tumor can be determined. In terms of antenna parameters at 2.45 GHz, the simulation results at various
antenna locations show that there is a difference between values with and without tumors. The presence
of a tumor caused the resonance frequency to alter from 2.45 GHz to 2.455 GHz (for a 20-mm distance)
and 2.445 GHz (for a 40-mm distance). The reflection coefficients without tumor are -20.852 and -
22.122 dB, whereas those with tumor are -22.17 and -21.264 dB at two different distances, respectively.
This indicates that a tumor causes a significant change for 20-mm distance in power reflected back
because of a mismatch in the designed antenna. We also observed that the strength of the electric field
increased with the presence of the tumor in the phantom at both distances. Our results show that the
proposed antenna is an appropriate option for the diagnosis of breast cancer with acceptable SAR values
in the simulated environment. As for the future study, different antenna geometry will be employed to
improve antenna performance and further increase tumor detection sensitivity.

REFERENCES

A. Kahwaji, H. Arshad, S. Sahran, A. G. Garba, R. I. Hussain, (2016) Hexagonal microstrip antenna
simulation for breast cancer detection, International Conference on Industrial Informatics and
Computer Systems (CIICS), IEEE 2016, 13-15 March 2016, Sharjah, United Arab Emirates

Breast Cancer Statistics and Resources, https://www.bcrf.org/breast-cancer-statistics-and-resources/
(Access Date: 26.10.2022)

C. A. Balanis, (2016) Antenna Theory: Analysis and Design, John Wiley & Sons, February 2016, 4™
Edition

D. N. Elsherif, M. Y. Makkey, (2021) Early Detection of Breast Cancer using Microstrip Patch Antenna,
International Conference on Electronic Engineering (ICEEM), IEEE 2021, 03-04 July 2021, Menouf,
Egypt

K. RamaDevi, A. J. Rani, A. M. Prasad, (2017) Design of Microstrip Antenna with Improved Bandwidth
for Biomedical Application, Proceedings of the International Conference on Data Engineering and
Communication Technology, August 2017, pp. 201-215

M. J. Dishali, K. M. Kumar, S. M. M. Nawaz, (2019) Design of Microstrip Patch Antenna for Brain
Cancer Detection, Ictact Journal on Microelectronics, April 2019, Volume 05, Issue 01

101


https://www.bcrf.org/breast-cancer-statistics-and-resources/

INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCES | PROCEEDINGS BOOK

M. Slimi, B. Jmai, P. Mendes, A. Gharsallah, (2019) Breast cancer detection based on CPW antenna,
19th Mediterranean Microwave Symposium (MMS), IEEE 2019, 31 October-02 November 2019,
Hammamet, Tunisia

N. Mahalakshmi, V. Jeyakumar, (2012) Design and Development of Single Layer Microstrip Patch
Antenna for Breast Cancer Detection, Bonfring International Journal of Research in Communication
Engineering, July 2012, Volume 2, Special Issue 1

S. A. K. Al-Nahiun, F. Mahbub, R. Islam, S. B. Akash, R. R. Hasan, M. A. Rahman, (2021) Performance
Analysis of Microstrip Patch Antenna for the Diagnosis of Brain Cancer & Tumor using the Fifth-
Generation Frequency Band, International IOT, Electronics and Mechatronics Conference
(IEMTRONICS), IEEE 2021, 21-24 April 2021, Toronto, Canada

S. Shekhawat, V. Sharma, P. K. Jain, B. R. Sharma, V. K. Saxena, D. Bhatnagar, (2019) An Off-
Diagonal Feed Elliptical Patch Antenna with Ring Shaped Slot in Ground Plane for Microwave
Imaging of Breast, Indian Conference on Antennas and Propogation (INCAP), IEEE 2019, 19-22
December 2019, Ahmedabad, India

S. Sukhija, R.K. Sarin, (2017) Design and performance of two-sleeve low profile antenna for bio-
medical applications, Journal of Electrical Systems and Information Technology, May 2017, Volume
4, Issue 1

Specific Absorption Rate (SAR) for Cellular Telephones, https://www.fcc.gov/general/specific-
absorption-rate-sar-cellular-telephones (Access Date: 04.11.2022)

Suriya, R. Nandhini, M. Leepika, S. R. Praveen, (2018) Microstrip Patch Antenna for Brain Tumour
Detection, International Journal of Scientific Research and Review, 2018, Volume 7, Issue 3, pp. 63-
66

102



INCOHIS 2022 AUTUMN | NOVEMBER 25-26, 2022 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCES | PROCEEDINGS BOOK

COVID-19 SALGININDA ORTA OLCEKLI BiR KENTIN EV-IS
YOLCULUKLARINDA ULASTIRMA TUR SECiMINDEKIi DEGiISIMLERIN
INCELENMESI: TEKIRDAG, SULEYMANPASA ORNEGI

Sehir Plancis1 Sahra Basyazgan

Yildiz Teknik Universitesi, Fen Bilimleri Enstitiisii, Ulastirma Tezli YL Programi
sahra.basyazgan@std.yildiz.edu.tr, ORCID: 0000-0003-0172-9672

Dr. Ogr. Uyesi Mustafa Sinan Yardim

Yildiz Teknik Universitesi, Insaat Fakiiltesi, Insaat Miihendisligi Béliimii
yardim@yildiz.edu.tr, ORCID: 0000-0003-0799-9294

Ozet

Covid-19 salgini, diinyanin her yerinde kokli degisimlere sebep olmus, yeni aligkanliklarin
kazanilmasina yol agmis, son donemin en giincel konularindan biridir. Gerek yapilan yolculuklar
gerekse bu yolculuklardaki tiir segimleri salgin kosullarindan etkilenmistir. Bu ¢alisma kapsaminda, orta
Olcekli bir kent olan Tekirdag ilinin Siileymanpasa il¢esinde, ev- ig amagli yolculuklar baglaminda,
ulastirma tiir se¢imleri incelenmis olup, bu secimlerdeki degisimlerin salgin kosullarindan etkilenip
etkilenmedigi arastirilmigtir. Bunun i¢in yapilan anketlerle kullanicilara tiir se¢imine dair sorular
yoneltilmistir. Salginin gelisim evrelerinden en az birinde ev-is yolculugu yapmis ve ulastirma tiirii
se¢mis bulunan 259 katilimci analize dahil edilmistir. Calisma sonunda , betimleyici istatistiklerde bazi
tiir tercihi degisimleri gozlense de verilerin normal dagilmadigi gesitli istatistik yontemler kullanilarak
tespit edilmistir. Bu yiizden, analizin ilerleyen safhasinda parametrik olmayan Wilcoxon Isaretli Siralar
Testi kullanilmstir. Orta 6lgekli kent Siilleymanpasa’da kiigiik ve biiyiik 6l¢ekli kentlerin aksine, Covid-
19 salgin doneminde ev-is amagli yolculuklardaki ulastirma tiir secimlerinin, salgindan anlamli bir
sekilde etkilenmedigi belirlenmistir.

Anahtar Kelimeler: Covid-19 Salgini, Orta Olgekli Kent, Ev-Is Yolculugu, Ulastirma Tiir Segimi,
Tekirdag, Siileymanpasa

INVESTIGATION OF CHANGES IN TRANSPORTATION MODE CHOICE FOR
HOME-WORK TRIP OF A MEDIUM-SIZED CITY DURING THE COVID-19
PANDEMIC: TEKIiRDAG, SULEYMANPASA CASE

Abstract

The Covid-19 pandemic has caused radical changes all over the world, leading to the adoption of new
habits, and is one of the most topical issues of the recent period. Both the trips made and the mode
choices in these trips have been affected by the pandemic conditions. Within the scope of this study,
transportation mode choices in the context of home-work trips in Siileymanpasa district of Tekirdag
province, a medium-sized city, were examined and it was investigated whether the changes in these
choices were affected by the pandemic conditions. For this purpose, users were asked questions about
mode choice through surveys. A total of 259 respondents who made a commute during at least one of
the development phases of the pandemic and chose a mode of transportation were included in the
analysis. At the end of the study, although some changes in mode preference were observed in
descriptive statistics, it was determined using various statistical methods that the data were not normally
distributed. Therefore, the nonparametric Wilcoxon Signed Rank Test was used in the next stage of the
analysis. In the medium-sized city of Siileymanpasa, unlike small and large-sized cities, transportation
mode choices for home-work trips during the Covid-19 pandemic period were not significantly affected
by the pandemic.

Keywords: Covid-19, Medium Sized City, Home-Work Trips, Transportation Mode Choice, Tekirdag,
Stileymanpaga
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1. GIRIS

Covid-19 salgim diinyadaki mevcut sartlarda alisilmig olan diizeni degistirmekle kalmamis, ayni
zamanda yeni bir normal anlayisini, giinliik yagantidaki tercihleri sorgulamayi ve hatta degistirmeyi de
beraberinde getirmistir. Diinya niifusunun biiyiik bir ¢ogunlugunun kentlerde yasamasi ile salgin
hastaliklarin yayilma riskinin de arttig1 bilinen bir gercek olduguna gore, her dlgekten kentin kendi
dinamiklerine gore ayr1 bir hassasiyetle ele alinmas1 gerekmektedir.

Salginin kentlerde ve kent sakinlerinde yaratmis oldugu degisimler birgok ¢alisma ile ortaya konmustur.
Shabani vd., (2022), Covid-19'un yiiksek bulasiciligi ve 6zellikle yogun saatlerde sinirl alan ve yiiksek
yolcu yogunlugu gibi toplu tagimanin bazi &zelliklerini, toplu tasimada hastaligin yayilma riskini

artirdigini ve ilgili sistemlere olan talebi azalttigini ifade etmistir. Shen vd., (2020), toplu tasimanin ve
yolcu terminallerinin herhangi bir salgin doneminde viriisiin yayilma veya kiimelenme mekani haline
doniisebilecegini vurgulayarak, kentlinin “bulusma mekanlari”nin “bulagma mekani”’na doniistiigiiniin
tizerinde durmustur. Almanya’da Berlin Hareketlilik Enstitiisii tarafindan yapilan bir ¢aligmada da 2020
Subat-Mart donemindeki ulusal telefon izleme verileri kullanilarak ortalama giinliik seyahat mesafesinin
%47 azaldig1 ortaya konmustur (Mobility Institute Berlin, 2020). Baska bir 6rnek de Avustralya ve
Kuzey Amerika sehirlerinde 4.500 kisinin katilimiyla gerceklestirilmistir. Nisan 2020’de Avustralya
hiikiimetinin de aldig1 dnlemler géz 6niine alindiginda. Covid-19 6ncesi rakamlara gore, toplu tagima
kullaniminda %80’lik bir azalma oldugu tespit edilmistir. Ayrica burada Covid-19 6ncesi ve sonrasi
ulagim tiirii se¢iminde etkili olan kriterlerinin degisimi de incelenmistir. Montreal ve Avustralya’daki
kriterlerden bazilar1 Covid-19 dncesi donem ile Covid-19 donemi arasinda farklilik géstermis, her iki
caligma sahasinda da ilk siradaki uygunlugun yerini giivenlik, ikinci sirada olan giivenligin yerini
uygunluk almigtir (Transurban, 2020). Gana’da yapilan bir arastirmaya gore de katilimcilarin %50,4’lik
kesimi toplu tagima araglarindaki koltuklarin birbirlerine yakin olmasi nedeniyle, viriisiin bulagma
potansiyelinin yiiksek oldugunu diisiinmekte ve bu sisteme karst derin kaygilar giitmektedir (Sogbe,
2021). Bu cercevede bir 6rnek calisma ise Isvigre Ziirih’te yapilmistir. Salgmin farkli evrelerinde tiirel
dagilim ve seyahat mesafesinin nasil degistigi incelenmistir. Burada da dncekilerle benzer sonuglar elde
edilmis; toplu tasima kullaniminin azaldig1 kaydedilmistir. Toplu tasima kullanicilarinin azalmasinin
yanm1 sira, ilgili calismada baslangic-son matrislerinde salgin 6ncesi donemde toplu tasima
kullanicilarinin salgin déneminde giinliik belirli rotalarin1 kullanmadiklari, farkli rota arayislari iginde
girdikleri de tespit edilmistir (Marra vd., 2022).

Literatiirden verilen orneklerden de goriilecegi iizere, arastirmalar siirekli biiylik 6l¢ekli kentler
iizerinden yapilmis ve bu kentlerdeki degisimler iizerinden salginin etkileri yorumlanmistir. Fakat,
salginin yaratmis oldugu etki biiyiik 6l¢ekli kentler ¢ercevesinde kisithi degildir. Orta 6lcekli ve kiigiik
Olcekli kentler de salgindan etkilenmis ve bu etkiler literatiire kazandirilamamistir. Bu arastirma
kapsaminda, salginin ev-is yolculuklarinda ulagtirma tiir segimlerin orta 6lgekli bir kent baglaminda
incelenmistir. Bu gergevede aragtirma alani olarak, Gokgiir vd., (2016) ve Eurofound, (2012)’daki orta
Olgekli kent kriterlerine; gerek Kanada, Brezilya, Amerika, Japonya gerekse Tiirkiye’deki
calismalardakilere uyan Tekirdag ilinin merkez ilgesi 210.574 niifuslu Siileymanpasa secilmistir (Ozgiir,
2005, Fulton, 2002, Seasons, 2010, Henderson, 1997).

Tekirdag, Tiirkiye’nin kuzeybatisinda olup Marmara Bolgesi’nde yer almaktadir. Marmara Denizi’ne
kiyist olan kent Edirne, Kirklareli, Istanbul ve Canakkale’ye komsu olup biinyesinde ii¢ adet liman
barindirmaktadir. Bu limanlar hem ulusal hem de uluslararasi bir¢ok ticaret gemisine hizmet
vermektedir. Bahsi gecen limanlardan ikisi Siileymanpasa il¢esinde yer almakta olup, 6nemli mal ve
hizmet akislar1 bu noktalardan saglanmaktadir. Trakya Alt Bolgesi Ergene Havzasi Cevre Diizeni
Plani’nda da ¢aligsma sahasi olan Siileymanpasa i¢in hizmet merkezi karar1 verilmis, kuzeyinde yer alan
Muratl ilgesi ile demiryolu baglantisinin kurulmasi ile lojistik kimlik de kazandirilacagr belirtilmistir
(T.C. Cevre ve Orman Bakanlig1 vd., 2009). Giiniimiizde demiryolu baglantilar1 saglanan ilgede bu
baglantilar iizerinden hem ulusal hem de uluslararasi yogun mal akislar gergeklestirilmektedir.
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2. MATERYAL VE METOD
Bu c¢alisma, Siileymanpasa oOzelinde orta Slgekli bir kentin ev-is yolculuklarinda, ulastirma tiir
secimlerinin salgin kosullarindan etkilenip etkilenmedigini aragtirmak amaciyla yapilmistir. Bunun igin
de salgin Oncesi donem, salgin donemi ve normallesme donemlerinde kent sakinlerinin ev-ig
yolculuklarinda hangi ulastirma tiiriinii tercih ettiklerine dair verilere ihtiya¢ duyulmustur. Ilgili veriler
salgin kosullarinda yaygin olarak kullanilan ¢evrimigi anket yontemi ile Mart-Mayis 2022 tarihleri
arasinda kent sakinlerinden toplanmigtir. Orneklem biiyiikliigii Denklem 1’de aktarilan formiil ile
hesaplanmis; 0,05 anlamlilik ve %95 giiven diizeyi, %5 hata payi ile 383 gegerli ankete ulagilmasi
hedeflenmistir. Mart 2022’de salgin kosullarinin kentte agirlagsmasi ve kisitli imkanlar nedeniyle ilgili
hedefe ulagilamamis, anlamlilik ve giiven diizeyi korunmus, hata pay1 ise yeniden hesaplanmistir. %5,25
olarak hesaplanan hata pay1 ile 348 anket gecerli kabul edilmistir.

Nt?pq
= d2(N-1)+t2pq
1),
n: Orneklem biiytikligii
N: Evren biyikligi
t: Belirli bir anlamlilik diizeyinde T Tablosuna goére bulunan teorik deger
d: Hata pay1
p: Incelenen olayin gergeklesme olasilig
q: Incelenen olayin gergeklesmeme olasilif

n

Covid-19 salgininda ev-is yolculugu ulastirma tiir se¢imlerini inceleyen arastirma igin ise, gegerli
anketlerin igerisinden bir veri kiimesi olusturulmustur. Olusturulan veri kiimesinde degisimi
gozlemleyebilmek amaciyla salgin dncesi donem, salgin donemi ve normallesme dénemlerinden en az
birinde ev-is yolculugu yapmis ve tiir segiminde bulunmus olan kisiler analize dahil edilmistir. Bu da
348 anket icerisinden 259 katilimcinin analize dahil oldugu anlaminda gelmektedir.

Ulastirma tiir se¢iminde salgmin etkisini gorebilmek i¢in, oncelikle, hazirlanan verilerin normal
dagilima uygun olup olmadig1 arastirilmigtir. Bu kapsamda asamali olarak sirasiyla veri gorsellestirme,
tamimlayic1 istatistikler ve normallik testleri uygulanmustir. ilk asamada, veri gorsellestirme
yontemlerinden Kutu Grafikleri (Box-Plot) ve Q-Q grafikleri kullanilmistir. Kutu Grafigi (Box-Plot)
yoOntemine gore, belirli bir hat iizerinde yer alan kutularin sola dogru kaydiklar1 goriilmektedir; halbuki
normal dagilimi temsil etmesi i¢in, ortada yer almalar gerekmektedir (Sekil 1). Son olarak, Q-Q Grafigi
yoOntemine gore, verilerin grafikteki dogru iizerinde yer almasi gerekirken, dogrunun etrafinda sagildigi
ve dogrudan uzaklastigi saptanmustir (Sekil 2). Ozetle, veri gorsellestirme yontemleri kullanilarak
yapilan normal dagilim kontroliinde her iki yontemde de verilerin normal dagilmadig tespit edilmistir
(Sekil 1, Sekil 2). Belirli tiirlerde se¢imin yogun oldugu, bu iki degerlendirme yonteminde de agik bir
sekilde goriilmektedir.
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Salgin Oncesi Dénem Salgin Donemi Normallesme Donemi

Ulastirma Tiirleri

0: Tiir Se¢imi Yok 4: Taksi 8: Yaya
1: Otobiis 5:0zel Arag

2: Minibiis 6:Tagsit Paylasimi (Ortak Araba Kullanimi)

3: Servis (Isyeri/Okul)  7: Bisiklet

Sekil 1. Kutu Grafigi (Box-Plot) ile Tiir Se¢imi Verilerinin Normal Dagilim Kontrolii

Salgin Oncesi Dénem Salgin Donemi Normallegsme Donemi
~ ° ~ ° ~ / °

© - am © - ® © 4

|

Ulastirma Tiirleri

0: Tiir Secimi Yok 4: Taksi 8: Yaya
1: Otobiis 5:0zel Arag

2: Minibiis 6:Tagit Paylagimi (Ortak Araba Kullanimi)

3: Servis (Isyeri/Okul)  7: Bisiklet

Sekil 21. Q-Q Grafigi ile Tiir Se¢imi Verilerinin Normal Dagilim Kontrolii

Ikinci asama degerlendirme ise tanimlayici istatistikler {izerinden yapilmaktadir. Bu yaklasimla,
hesaplanan aritmetik ortalama, mod, medyan gibi degerlerin birbirlerine yakin olmasi ve garpiklik,
basiklik degerlerinin -1,5 ile +1,5 degerleri arasinda yer almasi istenmektedir. Salgin 6ncesi donem,
salgin donemi ve normallesme donemleri igin ayr1 ayr1 tanimlayicr istatistikler incelendiginde, her bir
donemin mod ve medyan1 yakin, aritmetik ortalamalar1 ise uzak ¢ikmistir (Tablo 1). Fakat, ¢arpiklik-
basiklik degerleri ise sinirlar arasinda yer almaktadir. Sinir degerlere gore bir degerlendirme yapildig:
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zaman, verilerin normal dagilima uygun oldugu sdylenebilse bile, bu degerlendirme yontemi normallik
testlerine gore zayif kalmaktadir.

Tablo 1. Salgin Dénemlerinin Tanimlayici Istatistikleri

Tammlayic: Istatistikler | Salgin Oncesi Salgin Normallesme
Ortalama 3,01 3,23 3,19
Standart Hata 0,13 0,14 0,13
Medyan 3 3 3
Mod 5 5 5
Standart Sapma 2,12 2,24 2,10
Varyans 4,49 5,03 4,43
Basikhik -0,98 -0,88 -0,80
Carpikhik 0,25 0,18 0,20
Aralik 8 8 8
Minimum 0 0 0
Maksimum 8 8 8
Toplam 779 836 827
Gozlem Sayisi 259 259 259

Normal dagilimi tam olarak tespit edebilmek i¢in {igiincii agamada normallik testlerinin kullanilmasi
gereklidir. Bu testler, agik kaynak kodlu bir yazilim olan R® Programi kullanilarak yapilmistir. Burada
da ti¢ asamadan olusan normallik testinde ilk olarak Kolmogrov-Smirnov Testi uygulanmistir (Tablo 2).
Bu test baglamindaki aragtirma hipotezi, verilerin normal dagilim gosterdigini ifade etmektedir. Salgin
oncesi donem, salgin donemi ve normallesme donemleri i¢in uygulanan testlerin sonuglari p-degeri ile
degerlendirildiginde, sinir deger olan 0,05’ten kiiglik ¢iktig1 igin verilerin normal dagilmadig: tespit
edilmis; arastirma hipotezi reddedilmistir.

Tablo 2. Kolmogrov-Smirnov Testi Sonuglari

Istatistikler Salgin Oncesi Salgin Normallesme
D 0,2319 0,22932 0,2256
p-degeri 1,597*10° 2,955*10° 7,094*10°°
Alternatif Hipotez Cift Kuyruklu Cift Kuyruklu | Cift Kuyruklu

Parametrik bir testin uygulanabilmesi i¢in yalnizca Normal Dagilim sartinin saglanmasi yeterli degildir.
Bu sebeple ikinci agamada varyanslarin homojenliginin kontrol edildigi Levene Testi yapilmustir. Testin
aragtirma hipotezi varyanslarin arasinda anlamli bir fark olmadigini ileri siirmektedir. Salginin geligim
evrelerinin birbirleri ile kiyaslanarak yapildigi testin sonucunda, her bir Pr degeri, hesaplanan F
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degerinden kii¢iik oldugu i¢in, varyanslarin arasinda anlaml bir fark oldugu saptanmistir (Tablo 3). Bu
sonuca gore parametrik test uygulanma sartlarindan biri daha ihlal edilmistir.

Tablo 3. Levene Testi Sonuglari

[Salgin Oncesi] — [Salgin] - [Salgin Oncesi] —
Istatistikler [Salgin] [Normallesme] [Normallesme]
F-Degeri 10,65 3,41 5,91
Pr(>F) 7,211*101° 9,815*10* 6,138*10*

Son agama ise bagimsizligin kontroliiniin yapildigi Durbin-Watson testidir. Bu testte de Levene
Testi’nde oldugu gibi salginin gelisim evreleri yine ikiserli olarak degerlendirmeye alinmustir. Ilgili
testin arastirma hipotezi, gozlemler arasinda otokorelasyon olmadigini savunmaktadir. Fakat, test
sonucunda hesaplanan DW degerlerinin tamami 1,5 ile 2 araliginda yer almakta olup, gdzlemler arasinda
bir otokorelasyon oldugu tespit edilmistir (Tablo 4). Yapilan biitiin testler ve incelemeler sonucunda
ilgili veri kiimesine parametrik bir test uygulanamayacagi goriilmiistiir. Bu nedenle parametrik olmayan
(nonparametric) testlere yonelinmistir ve ev-is yolculuklarinda ulagtirma tiirii se¢iminde salginin etkisini
arastirmak amaciyla, parametrik olmayan testler arasindan Wilcoxon Isaretli Sira Testi (Wilcoxon
signed-rank test)’nin yapilmasina karar verilmistir.

Tablo 4. Durbin-Watson Testi Sonuglari

[Salgin Oncesi] — [Salgin] — [Salgin Oncesi] —
istatistikler [Salgin] [Normallesme] [Normallesme]
DW 2,2203 1,8432 2,1755
p-degeri 0,9616 0,1018 0,9212

3. BULGULAR

Wilcoxon Isaretli Sira Testi’ne gegmeden 6nce, salginin gelisim evrelerindeki ev-is yolculuklar tiirel
dagilimlar1 incelemek yararli olacaktir.

Ulastirma tiir se¢imlerinde salgin etkisinin ev-ig yolculuklart baglaminda aragtiritlmasiin arkasinda
yatan sebep, Siileymanpasa kent sakinlerinin her ti¢ donemde de biiyiik oranda (ortalama %69) ¢aligma
hayatinda aktif rol almasi olmustur (Sekil 3). Salgin 6ncesi donemde sakinlerin %68,4’{iniin ¢alistig1 ve
bu kesimin de %84,4’linlin yliz yiize ¢alisma diizenine sahip oldugu saptanmistir. Bu oranlar salgin
doneminin baglamas1 ile diislise gecmistir. En biiylik degisim ise yiiz yilize c¢alisma diizeninde
yaganmustir. Salginin yayilma hizin1 kirmak amaciyla esnek veya uzaktan ¢aligma diizenlerine yonelen
kurumlar sebebiyle, kentteki hareketliliginin biiyiik bir ¢ogunlugunu olusturan ev-is yolculuklar1 kayda
deger miktarda azalmistir. Normallesme doneminin baglamasi ile yiiz yiize ¢alisma diizenine geri
doniilmiis ve yine %85,9’1uk biiyiik bir kesim ev-ig yolculuklarini devam ettirmeye baglamigtir.
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%26,7 % 73,3 Normallesme Dénemi Galisma Durumu

%31,6 %68,4 Salgin Oncesi Dénem Calisma Durumu
Calisma Dinamidi  %84,4 %13' %2,6
0 25 50 75 100
Galigma Dinamigi 958, 1 %25,6 -
0 25 50 75 100

. - Calisma Dinamigi ~ %85,9 %10' %4,1
aligiyor

Yiiz Yiize Calisma Diizeni

. Caligmiyor Esnek Calisma Diizeni 0 25 50 75 100

. Uzaktan Calisma Dizeni

Sekil 3. Siileymanpasa’da Ev-Is Yolculuklarmin Ozellikleri

Salgin oncesi donem, salgin donemi ve normallesme donemi tiirel dagilimlart incelendiginde her iig
donemde de en ¢ok “Ozel Ara¢™n tercih edildigi goze ¢arpmaktadir (Sekil 4). Bu tiiriin secilmesinde
kentin 6lg¢egi, cografi yapisi, kentsel ulasim imkanlar1 vb. birgok faktoriin etkisi olabilecegi gibi, bu
caligma baglaminda salgin etkisi tartisilmaktadir. Ancak, tiirlere toplu tasima (Otobiis, minibiis, servis)
ve bireysel ulasim (Ozel arag, tasit paylasimi, taksi, bisiklet, yaya) olarak bakildiginda salgin 6ncesi
donemde agirlikli olarak toplu tasimanin tercih edildigi goriilmektedir (Sekil 4). Bu manzaraya gore,
salginla agirlik bireysel ulagim yoniine kaymis ve toplu tagimada %6,14’liik bir azalma kaydedilmistir.
%6,14’liik bu azalma ise toplu tasima oranindaki degisimin -%11,3’line denk gelmektedir. Bireysel
ulasimdaki %6,14°liik artis da bireysel ulasim oranindaki degisimin +%13,5’ine karsilik gelmektedir.
Genel bir degerlendirme yapildiginda da toplu tagimadan bireysel ulasima dogru bir yénelim oldugu,
normallesme doneminde eski diizene geri doniilemedigi ve salginin ev-is yolculugu ulagtirma tiir
seciminde kalic1 bir etki biraktig1 salgin 6ncesi ve normallesme donemi toplu tasimadaki %2,21°lik
azalmanin -%4,1’lik degisime tekabiil etmesinden anlasiimaktadir (Sekil 4).
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Salgin Oncesi Salgin Donemi Normallesme
Donem Donemi

Servis (Isyeri/Okul)
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Otobis
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-%4,1

-%11,3 +%8,2
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Sekil 4. Salginin Donemlerine Gore Ev-is Yolculugu Tiirel Dagilimi

Her ne kadar yukaridaki grafiklerden (Sekil 3, Sekil 4) salginin ev-is yolculuklarinda ulagtirma tiirii
seciminde etkisi oldugu ifade edilse de bu yarginin anlamlilik baglaminda istatistiki testler araciligi, ile
test edilmesi daha giivenilir sonuglara ulasmay1 miimkiin kilacaktir. Bu ¢ercevede, yukarida aktarilan
Wilcoxon lsaretli Sira Testi uygulanmistir. Testin arastirma hipotezi, salgm kosullarinin ev-is
yolculuklarinda ulagtirma tiir segiminde bir etkisi oldugunu ileri siirmektedir. Salgin dncesi donem-
salgin donemi, salgin donem-normallesme donemi ve salgin 6ncesi donem-normallesme donemi olmak
lizere li¢ grupta karsilastirma yapilmistir. Yapilan test sonucunda, p degerlerinin sinir deger olan
0,05’ten biiyiik ¢ikmasi, ev-is yolculuklarindaki ulagtirma tiir se¢giminde salginin, betimleyici istatistik
bulgularindaki degisimlere ragmen etkili olmadigini gostermistir (Tablo 6). Baska bir deyisle, Wilcoxon
Isaretli Sira Testi sonucunda, grafikler iizerinden yapilan yorumlara konu olan degisimlerin, istatistiki
acidan anlamli degisimler olmadig1 saptanmustir.

Tablo 2. Wilcoxon Isaretli Sira Testi Sonuglar

[Salgin Oncesi] — [Salgin] — [Salgin Oncesi] —
Istatistikler [Salgin] [Normallesme] [Normallesme]
\Y 1.530 1.650,5 1.154,5
p-degeri 0,1024 0,1087 0,9249

4. SONUC

Bu ¢alisma kapsaminda, Covid-19 salgininin ev-ig yolculuklarinda ulastirma tiirii se¢iminde etkili olup
olmadig1 arastinlmigtir. Salginin gelisim evreleri olan salgin Oncesi donem, salgin dénemi ve
normallesme donemlerinde, ¢alisma hayatina aktif katilim gdsteren kent sakinlerinin biiyiik bir
cogunlugunun 6zel araci tercih ettigi tespit edilmistir. Oyle ki salgm, bu kesimin toplu tasimadan
bireysel ulasima dogru bir yonelim davranigi sergilemesine de ortam hazirlamigtir. Normallesme
doneminde de bu yonelimin tam tersi bicimde islemesi beklenirken bir kisim toplu tasimaya geri
donmiis, fakat kayda deger miktarda da bireysel ulasimdan vazgegmeyen bir kesim dogmustur. Her ne
kadar cesitli grafikler {izerinden yapilan incelemeler ile birtakim degisimler ve yonelimler tespit edilse
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de bu ynelim ve degisimlerin istatistiki agidan anlamli degisimler olmadig1 sonucuna Wilcoxon Isaretli
Sira Testi ile varilmstir.

Bu durum, orta olgekli kentlerin kiigiik ve biiyiik Olgekli kentlerden ayrildigimi ve hazirlanan
taktik/operasyonel kentsel ulagtirma yonetim planlarinda daha farkli bir bakis agisinin benimsenmesi
gerektigini isaret etmektedir. Bu ¢alismanin ¢iktilar, literatiirdeki bir¢ok ¢alismadan, daha ¢ok biiyiik
oOlgekli kentlerdeki yolculuklarin inceleniyor olmasi ve bu yolculuklarda salgin etkisi ile tiir segimlerinin
degistiginin ortaya ¢ikmasi baglaminda ayristig1 ve 6zgiin bulgular icerdigi gozlenmistir.
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