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Abstract 
Late diagnosis of chronic kidney disease, a disease that has increased in recent years and threatens human life, may lead to dialysis 
or kidney failure. In this study, kNN, SVM, RBF and Random subspace data mining methods were applied on the data set 
consisting of 400 samples and 24 attributes taken from UCI for classification of chronic kidney disease with particle swarm 
optimization (PSO) based feature selection method. As a result of the study, the results of the application of each data mining 
method are compared with the resultant training and test results. As a result of the comparison, the best performance was found to 
be 99.75% accuracy with PSO and random subspace method. Moreover, as a method of data mining, it has been seen that the 
random subspace method has higher accuracy rates than the other methods. 
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1. INTRODUCTION 
 

Chronic kidney disease (CKD) refers to kidney failure, which typically affects leg swelling, vomiting, fatigue (Liao et al., 2012; 
Moyer, 2012). Blood and urine tests are performed to demonstrate that the kidney works functionally. For this reason, it is 
important to establish the screening mechanism to identify CKD symptoms so that important precautions can be taken to avoid 
any complications (Plantinga et al., 2010). 
 
With the development of information technology, the amount of data that has emerged shows a rapid increase. It is estimated that 
data stored in the digital environment in the world have doubled every 20 months (Witten & Frank, 2005). It is difficult to 
process these data with increasing amount of data. Various data mining algorithms have been developed to solve this problem. In 
the literature, there are algorithms used in data mining and different studies to compare these algorithms. The health sector is also 
one of these areas. Data mining methods are used for diagnosis and treatment in this sector for obtaining more accurate results 

e 
and anticipating future disease. In this study, accurate classification ratios and time performances will be compared by applying 
data mining methods for diagnosis and diagnosis of chronic kidney disease. 
 
In the literature, studies using data mining methods related to chronic kidney disease have been screened. As a result of the scan, 
it was seen that Artificial Neural Network (ANN), Radial Basis Function (RBF), Naive Bayes, Logistic Regression, Support 
Vector Machine (SVM), Decision Trees (C4.5, Random Tree, Random Forest) and kNN were used as data mining methods. In 
studies using the data set with 400 records and 24 features of 'UC Irvine Machine Learning Repository' (UCI) on Chronic Kidney 
Disease, the use of the ANN method resulted in a 72% (Sunil & Sowmya, 2017), the use of RBF, ANN and LR algorithms with a 
10-fold cross-validation method resulted in the best performance using the 99.66% (Rubini et al., 2015), The use of SVM, NB, 
RBF, ANN and RF data mining methods results in best results with RF 95% (Kumar, 2016), SVM method was used together 
with ClassifierSubsetEval, WrapperSubsetEval, CfsSubsetEval, and FilterSubsetEval feature selection algorithms results in best 
results with FilterSubsetEval and SVM 98.5% (Polat et al., 2017), RepTree, BFTree and J48Tree methods were applied with 
Adaboost algorithm and in best results 
function 93.75% (Ravindra et al., 2018), Relief and KNN methods were used together to achieve 99% success rates (Kayaalp et 
al., 2018). Table 1 summarizes the classification results of chronic kidney disease by data mining methods. 
 

Table 1. Classification results of chronic kidney disease with data mining methods. 
 

Authors Year Number of data Method Accuracy (%) 

Rubini et al. 2015 

400 

ANN 99.66 

Kumar et al. 2016 Random Forest 95 

 2016 Adaboost-BFTree 99.25 

Polat et al. 2017 FilterSubsetEval-SVM 98.5 

Sunil et al. 2017 Naive Bayes 72 

Ravindra et al. 2018 SVM with radial basis kernel 93.75 

Kayaalp et al. 2018 Relief, kNN 99 

 
The most important contribution of this study to the literature is to select the most significant features with PSO for the first time 
in the data set and to use a Random Subspace method to achieve a very high success rate. Data set identification, attribute 
selection and classification algorithm used in the study are examined in the second section. In the third section, the parameters 
used in the methods and experimental studies are given. In the last section of the study, the results are evaluated. 

2. MATERIAL AND METHOD 

The data set to be used as an example for diagnosing and predicting chronic kidney disease with data mining techniques is 
derived from the 'UC Irvine Machine Learning Repository' database with 400 samples and 24 (11 numeric, 13 nominal) features 
(Dua & Karra, 2017). In the dataset, there are 400 samples, 250 of which belong to diseased persons and the other 150 data 
consist of data belonging to healthy persons. 

2.1. Particle Swarm Optimization (PSO) 
PSO is a calculation based on intelligence techniques inspired a lot of social behavior (Kennedy & Eberhart, 1995). This method 
simulates the behavior of flying birds and the exchange of information they have to solve their problems (Kennedy & Eberhart, 
2001). The PSO method is used for optimization in many areas (Adem et al., 2018; Delice et al., 2017; Collotta et al., 2017). The 
steps for selecting an attribute with PSO are as follows: 
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Step 1. Generate the starting range by starting positions and velocities of the randomly generated particles according to 
the parameters entered at the beginning. 

Step 2. Calculate the fitness values of all the particles in the swarm. 
Step 3. Find the local best estimate (pbest) for each particle in the current iteration. Find the global best (gbest) in local 

bests in current iteration. 
Step 4. Change the pbest if the fitness value of the relevant particle is greater than pbest. 
Step 5. If the fitness value of the relevant part is also bigger than gbest, change gbest and update the part related to the 

fitness value. 
Step 6. Is the number of iterations finished? 
Step 7. If the number of iterations has not finished go to Step 2. 
Step 8. If the number of iterations is finished, the solution is to select the best attributes with the highest fitness value 

according to the classification results in the final positions of the particles. 
 
According to the working steps in the algorithm, each particle represents a binary representation of N, the total number of 

indicates that the attribute is not selected. Each particle updates its position according to its fitness values, first by local, then by 
global best. In this way, selection of the attributes that achieve the global best is performed. 

2.2. Random Subspace Method 
The Random Subspace method is a kind of community classification algorithm consisting of various classifiers at the subspace 
of the attributes in the dataset (Ho, 1998). The classification results are based on the outputs of the individual classifiers selected 
by the majority vote. This method can be used with many classifiers such as linear classifier, kNN, support vector machine, 
decision trees (Marina, 2002; Tremblay, 2004; Dacheng et al., 2006). This method is quite advantageous because smaller parts 
can be better trained because it uses subspaces of the actual data size. This algorithm is very successful in data sets with a large 
number of attributes, especially because it works with subspaces of the data set. This method is of interest to researchers because 
it reduces over-learning, introduces a general model, shorter training time, and an easy-to-understand and simple structure than 
other classical models (Ho, 1998; Kayal & Kannan, 2017). In this study, Random Forest method was used because of its high 
accuracy rate as a basic classifier in random subspace method. 

3. EXPERIMENTAL STUDIES 

The selection of attributes used in experimental studies and the evaluation of data mining methods were performed with 
MATLAB R2017b and WEKA software. The hardware was a computer with 16 GB DDR3 memory with an Intel Core i7 6700 
HQ processor. Parameters used in the data mining methods used in the study were determined as experimental results and k = 3 
and Euclidean distance criterion in kNN method, kernel function in SVM method, Gauss function as activation function in RBF 
neural network and random forest tree method in random subspace method. The most significant 17 attributes of the data set 
were identified by the PSO method applied with 500 particles and 1000 iteration results. 17 attributes selected using PSO 
method; blood pressure, blood pressure, creatinine, sodium, potassium, hemoglobin, erythrocyte bulk, white blood cell count, 
hypertension, diabetes, appetite, foot ailment and anemia are specific gravity, albumin, red blood cells, blood sugar. The 
dimension of the new attribute data set obtained as a result of the attribute selection was (400 x 17). A 5-fold cross validation 
method was applied to the data set used in the study during the training and test phases. 70% of the data set was used in training 
and the rest 30% were used as testing. Models created with data mining methods use the accuracy and Kappa values as 
evaluation criteria. The equation used to calculate the accuracy is given in Equation 1. 
 

   (1) 

In Equation 1, TP is true positive, TN is true negative, FP is false positive and FN is false negative (Metz, 1978). The equations 
used in the Kappa analysis, another evaluation criterion used in the study, are given in Equations 2 and 3. 
 

   (2) 

   (3) 

The observed and expected probabilities of  and  given in Equations 2 and 3 respectively, : the observed frequency i. in 
row and column, : total frequency i. in line, : total frequency i. in column and n: total number of observations (Gujarati, 
1999; Rey et al., 2012). The accuracy and Kappa analysis values obtained by using kNN, SVM and RBF data mining models are 
given in Table 2. 
 
 



International Journal of Research and Development, Vol.10, No.3, December 2018, Special Issue 

4 

Table 2. Accuracy and kappa analysis values of the experiments performed. 
 

Feature Selection Classification Method 
Number of 

Feature 
Accuracy (%) Kappa Value 

None 

kNN 

24 

95.75 0.914 
SVM 97.75 0.9526 
RBF 98.5 0.9683 

Random Subspace 99.5 0.9837 

PSO 

kNN 

17 

95.75 0.914 
SVM 98.25 0.963 
RBF 98.75 0.9735 

Random Subspace 99.75 0.9947 
 

In this study, we compared the results of using kNN, SVM and RBF data mining methods together with the PSO feature 
selection algorithm on the dataset related to chronic kidney disease from UCI. The results in Table 2, it is observed to increase 
the classification accuracy of the feature selection process with PSO. The best performance is seen that a result of comparison 
with 99.75% accuracy and 0.9947 Kappa value of the random subspace method with PSO. 

4. CONCLUSION 

Chronic kidney disease has been increasing and a disease that threatens human life in recent years. In the literature, lots of data 
mining studies related to the diagnosis and classification of the disease were observed. In this study, for the classification of 
chronic kidney disease, kNN, SVM, RBF and Random subspace data mining methods were applied with PSO feature selection 
method on UCI data set. PSO attribute selection method has been shown to positively influence the classification success. As a 
data mining method, random subspace method has been found to have higher accuracy rates than other methods. In future 
studies, it is considered to increase the success rate by using different feature selection algorithms and different data mining 
methods. 
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Abstract 
Today, rapid population growth, rapid urbanization rate, emission problem have increased the problems in transport sector. Railway 
systems are frequently preferred in public transportation especially in the metropolitan cities where these problems are common. 

entral Anatolia, Central and Eastern Black Sea and East 
and South Anatolian regions, that is junction point. Besides the number of students in the city is very high and it has a very busy 

-Ankara. So, the traffic problems have increas -Osmangazi 
district is the station stop on the Ankara-Sivas high-speed train, which has been under construction for a long time and is expected to 
be completed soon. In this paper, the addition of light rail systems to urban transport has been investigated in order to relieve the 
urban traffic, to create the Osmangazi-University ring line, and to contribute to the environment today when environmental problems 
are increasing. According to the province's geological and electrification system, a route of light rail system has plotted, stations have 
determined, and economic analysis has been performed to calculate system cost and repayment period. As a result of the analyzes, 
the applicability of this structure has been seen as positive. 
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Light rail systems, Transportation, Electrification, Economic analysis  
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Abstract 
Distributed Energy Sources based on renewable generation have an important place in power systems due to liberalization of 
electricity markets and increase of environmental problems. The involvement of renewable energy sources (RES) in the energy 
market poses a serious challenge for RES owners. The main reason for this is the uncertainty about the power output of RES. For 
example, the power output of wind power plants (WPP) depends on the wind speed and the power output of solar power plants (SPS) 
depends on the solar radiation and clouds. This brings the risk of not meeting long-term or medium-term electricity delivery contracts. 
To remove this risk, a single-acting unit in electricity market is formed by combining different types of renewable and non-renewable 
generation units and storage systems. This unit is defined as Virtual Power Plants (VPP). In this study, an hourly operation scheduling 
is modeled to get maximum profit for VPP owner participating in day ahead market by saling or purchasing electricity. The VPP in 
the study consists of wind power plant, conventional power plant and energy storage system. The problem is formulated as a mixed-
integer non-linear problem, applied for 24-hours time horizon and tested in GAMS software. The applicability of the method has 
been demonstrated by showing that the proposed method helps VPP owner about how to provide optimum sale/purchase bids in the 
day ahead market. 
 
Key Words 
Turkish Electricity Market, Day Ahead Market, Virtual Power Plant, GAMS  
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Cconv

                                           (4) 

conv conv
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Her saat sonunda depolanan enerjiyi ifade etmektedir. 

8.              (12) 

 

9.             (13) 

hidroelektrik santralin verimlilik faktörüdür. 

3. UYGULAMA 

in 

 (PDHS) 
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3.1. Veriler 
. 

 

.  

 

 

.  
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.  

 (Shayegan-Rad vd., 2017). 

Tablo 1. Termik santral bilgileri 

Pmin 
(MW) 

Pmax 

(MW) 
RUP (MW) 

RDN 
(MW) 

a b c SUC 

0 5 2 2 0.055 44.5 23.9 20 
 

 

Tablo 2. PDHS bilgileri 

Maksimum türbin 
kapasitesi (MW) 

Maksimum pompa 
kapasitesi (MW) 

Maksimum depolama 
kapasitesi (MWh) 

Verimlilik faktörü 

10 8 40 0.70 

3.2. Sonuçlar 
Bu optimizasyon problem

 

Buna göre; günün saat 5-
-

tam 
-8 saatlerinde 

-11 saatlerinde 
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Tablo 3.  

Saat PGÖP(t) PCPP(t) Ppompa(t) Ptürbin(t) Depolama(t) 
1 9 2    
2 9 4    
3 5 5    
4 5 5    
5 -6.429 5 8  8 
6 -6.429 5 8  16 
7 -6.429 5 8  24 
8 -6.429 5 8  32 
9 5.630 5   32 

10 10.40 5  2 30 
11 20.10 5  10 20 
12 16.50 5   20 
13 21.70 5   20 
14 21.50 5   20 
15 21 5   20 
16 20.20 5   20 
17 18.30 5   20 
18 17.10 5   20 
19 27 5   10 
20 27 5    
21 17 5    
22 17 5    
23 16 5    
24 16 5    

 

 

 

.  

Saatlik kâr  
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5.  

4. SONUÇLAR 

cesi 

 
 Önerilen yöntemin, gün 
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Öz

el 

yse
göreceli Öznel testler 

m bir hayli 
metriklerine göre önemli dezavantajlara sahiptirler. Bu n ’yle

, bu 

yle
Her bir 3B videonun renkli vid yle

kodlan

Anahtar Kelimeler
“3B video kalite ”

Abstract

Nowadays, subjective tests are used to assess the quality of 3 Dimensional (3D) videos although there are widely used objective 
Video Quality Assessment (VQA) metrics to evaluate the quality of 2 Dimensional (2D) videos. The main reason for this is that there 
are 3D video characteristics that differ from person to person and the Human Vision System (HVS) is a subjective structure that 
differentiates these relative characteristics. However, due to their high costs, considerable time usage and implemantation difficulty, 
subjective tests have significant disadvantages compared to the objective VQAs. Therefore, it is of great importance to use the 
objective VQA metrics which will be developed based on the variables directly related to the HVS instead of the subjective tests for 
the 3D VQA. In the light of this information, in this study, the effects of quantization parameters, contrast, structural features and 
spatial resolution on the 3D VQA are studied. The studies are carried out on 4 different 3D videos created by color video + depth 
map method. The color video and depth map components of each 3D video are coded with 5 different quantization parameters and
then brought to 3 different spatial resolutions. Then, measurements were taken for each 3D video by means of the developed contrast 
and structural feature measurement algorithms. The results show that a highly efficient and objective 3D VQA metric can be created 
by using the quantization parameter, contrast, structural feature and spatial resolution variables together. 

Key Words
“3D video quality assessment, quantization parameter, contrast, structural information and spatial resolution.”
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1.

kazan Her 

mevcut (Bayrak vd., 2014) nedenleri 3B 
i) 

bir arada 

len 

gerekmektedir (Erten, 2016).

ir. 

Makalenin geri kala lecektir. Elde edilen sonuçlar üçüncü 
bölü olarak dördüncü b

2. Ö

video 
finition (SD-704x576), Common Intermediate Format (CIF-352x288) ve Quarter Common Intermediate 

Format (QCIF-176x144) 

2.1. Video Boyutunun 

itli 
“football” 

videosu için 960x540, “interview” videosu için 720x576, “newspaper” videosu için 1024x768 ve “windmill” videosu için
960x540 ve 2’de bu 

(a) (b)

. (a) 
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(c) (ç)

(devam).

            
(a) (b)

            
(c) (ç)

. (a) Football; (b) Interview; (c) Newspaper; (ç

Ekran görüntülerinden de g
sabit bir oran me

atay 

klerinden 
.

fonksiyonel
için kom

.
ve bikübik interpolasyon teknikleridir.
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bu teknikte 
. u

teknik basit ve h kaliteli 
sonuçlar verir . 3’t t nokta 

ler

3.

B dört (Doma, 2008).
orijinal görüntüde olmayan yeni piksel 

ilineer 
formülüze edilirse (Peters, 2016);

( , ) ( , )                                        (1)

( {1, … , }, {1, … , }  ( {1, … , }, {1, … , })

=                  (2)

=                  (3)

= r                  (4)

= c                  (5)

= r                  (6)

= c                  (7)

I (r , c ) =  I(r , )(1 )(1 ) + I(r + 1, )( )(1 ) + I(r , + 1)(1 )( ) + I(r + 1, + 1)( )( ) (8)

I orijinal görüntü, r ve c ve elde edilmek istenen boyuttaki 
görüntüdeki pikselini,  R ve C ve elde edilmek istenen boyuttaki 

 sütun ölçekleme faktörünü, r f ve cf bilineer 

Bikübik int
nde

(Fadnavis, 2014). 4
e
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4. Bikübik interpolasyon (Han, 2013)

2.2.
üksek

ur 
mler 

–

gereklidir.

ma 
u

olan 

=
( , )

×
                              (9)

Burada m x n Xi,j Xort

= ( )
ç ç                                                    (10)

Burada k MAD(k) MADvideo

edilmektedir.

edilir. MADvideo

(Nur vd., 2011, 2012, 2014). formülüze edilir;

=
 ×Ç ç  

                                             (11)

Burada C

2.3.
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2.3.1. – Structural Feature Level)

) videonun çerçevelerindeki nesnelerde ve sahnelerdeki arka planlarda 
al 

gibi kenar 
lerini o

=
( )

ç ç  

Ç ç  ×  Çö ü ü ü
                                                      (12)

Burada 

3.

ve 45) 

derinlik har
verilecek 

3.1. Renkli Video Kontrast Ölçümleri

videolardan elde edilen kontrast ölçümleri Tablo 1’de,  her renkli video için elde edilen kontrast öl
5’te verilmektedir.

Tablo 1. Kontrast Ölçümleri.

Nicemleme Parametresi

Q25 Q30 Q35 Q40 Q45

football_SD 0,1362 0,1364 0,1365 0,1367 0,1371

football_CIF 0,1358 0,1360 0,1362 0,1363 0,1367

football_QCIF 0,1348 0,1350 0,1352 0,1355 0,1359

interview_SD 0,1912 0,1914 0,1915 0,1916 0,1913

interview_CIF 0,1899 0,1901 0,1902 0,1901 0,1898

interview_QCIF 0,1862 0,1865 0,1866 0,1867 0,1867

newspaper_SD 0,1987 0,1988 0,1989 0,1988 0,1986

newspaper_CIF 0,1985 0,1986 0,1987 0,1986 0,1985

newspaper_QCIF 0,1980 0,1981 0,1982 0,1983 0,1981

windmill_SD 0,1145 0,1145 0,1142 0,1140 0,1135

windmill_CIF 0,1141 0,1141 0,1138 0,1136 0,1132

windmill_QCIF 0,1134 0,1134 0,1132 0,1130 0,1126
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5. (a) Football; (b) Interview; (c) Newspaper; (ç) Windmill için video boyutu – nicemleme parametresi –

3.2.

6’da verilmektedir.
Tablo 2. Ölçümleri.

Nicemleme Parametresi

Q25 Q30 Q35 Q40 Q45

football_SD 0,0251 0,0220 0,0268 0,0361 0,0476

football_CIF 0,0508 0,0496 0,0514 0,0579 0,0756

football_QCIF 0,0695 0,0706 0,0720 0,0739 0,0885

interview_SD 0,0319 0,0276 0,0248 0,0252 0,0310

interview_CIF 0,0553 0,0523 0,0499 0,0522 0,0562

interview_QCIF 0,0639 0,0632 0,0625 0,0634 0,0611

newspaper_SD 0,0890 0,0834 0,0743 0,0565 0,0536

newspaper_CIF 0,0943 0,0912 0,0871 0,0788 0,0747

newspaper_QCIF 0,0921 0,0911 0,0895 0,0857 0,0829

windmill_SD 0,0959 0,0935 0,0882 0,0824 0,0694

windmill_CIF 0,0626 0,0602 0,0600 0,0661 0,0781

windmill_QCIF 0,1202 0,1199 0,1192 0,1191 0,1190

6. (a) Football; (b) Interview; (c) Newspaper; (ç) Windmill için derinlik – nicemleme parametresi – .
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3.3. Kontrast –

7, 8, 9 ve 10 –

7. Football videosu kontrast  – .

8. Interview videosu kontrast  – .
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9. Newspaper videosu kontrast  – .

10. Windmill videosu kontrast  – .
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3.4.

ni uzamsal çözünürlük sabitken nicemleme 

S
D, 

CIF v

kodlanan derinli
e

parametresi ar

Renkli videolardan 
–

4. SONUÇ

-
-
-
-

nesnel 

maliyetli, uzun zaman alan 3B video 
.

Bu olan bilgileri 

nemini de göstermektedir.
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Abstract 
The total amount of shopping on the internet is increasing every year. The demand for ordering more variety of products in smaller 
quantities with the increase of the trade on the internet comes to the forefront. This is referred to in the literature as customer-
focused ordering. The most basic competence of companies that trade online is to provide efficient warehouse management. For this 
reason, companies are increasingly paying more attention to warehouse management. In this study, a new heuristic method has been 
presented to solve the problem of one block one aisle storage allocation with customer-focused ordering. This new heuristic method 
has been compared with the previously developed Order Item Quantity method solution and unlike previous work, a random 
solution using the existing data set in the literature. As a result of the comparison, it was determined that the newly developed 
heuristic method, based on the consideration given, found a solution at a shorter picking distance. 
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Warehouse management, assignment problem, storage allocation problem, heuristic, order item association.  
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1.  

(Liu, 1999). 

r 
 

 (Chuang ve 
; ). Etkin depo yönetimine sahip firmalar int

tikçe 
 

Elektronik 

 
 

 
 

toplama probleminin çözümü için sunul   rastgele elde edilen bir çözüm 
. Tek blok tek koridora sahip bir depo 

-
 

 
 göre 
popüler olan kesikli p- (1999) -
ve Lu (1999) el yöntemi . Liu (2004) 

. De Koster ve 
 (2007) plama fik  (2012) 

-Atama Problemi  (
).  

 
Diaz (2016) 

emelli bir sezgisel en iyileme yöntemi kulla . 

Dijkstra ve 
Roodbergen (2017) k 

 (2018) 
l bir dep . 

,  
 
 oblemdir. Bu problem türünde temel performans 

 
 

r. Bu yeni sezgisel yöntem, literatürde var olan 
en 
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Terminoloji 
P (i)    
P (j)   
S  
Sij  
I/O  
dl            Depolama   olan mesafesi 

2. MATERYAL VE YÖNTEM 

yöntemlere yeni bir alternatif sunulma  

 

2.1.  

birimler Z  Z 
 

 
 

 
 Performans kriteri, b . 

 (Tablo 1) Tablo 1 
10 

 (Tablo 1).  
 

 
Tablo 1. Örnek veri (  

    

 1 2 3 4 5 6 7 8  Miktar   

S1 5 4 3 2     14 4 

S2 2 1 2      5 3 

S3 1 5  3     9 3 

S4 3  1 5     9 3 

S5    4 1 3 5 1 14 5 

S6     2  4 2 8 3 

S7 9  2 5     16 3 

S8 4 3  4 5    16 4 

S9      5 3 6 14 3 

S10 7   2 6 4   19 4 

 31 13 8 25 14 12 12 9 124  

lanma  7 4 4 7 4 3 3 3  35 

2.2. Yeni sezgisel y  
 

1.  ( )  

2.  

3. :  

4. :  

5.  
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-  
 Denklem- ifadesi,  hem i j 

 

 
 

- 0 ile 1 
0.5 bu i ve j  i 

1 
 

 
7. ve 8. 

7 ile 8 0.5 3 5, 6, 7 ve 8 
1 1 2 ve 4 

0.6 2 ile 4 0.6  
 

Tablo 2.   

 

 1 2 3 4 5 6 7 8 

1 0 0.6 0.6 0.6 0.8 0.9 1 1 

2 0.6 0 0.7 0.6 0.9 1 1 1 

3 0.6 0.7 0 0.7 1 1 1 1 

4 0.6 0.6 0.7 0 0.7 0.8 0.9 0.9 

5 0.8 0.9 1 0.7 0 0.7 0.7 0.7 

6 0.9 1 1 0.8 0.7 0 0.7 0.7 

7 1 1 1 0.9 0.7 0.7 0 0.5 

8 1 1 1 0.9 0.7 0.7 0.5 0 
 

3, 5 ve 6 1, 2 ve 4 7 ile 8 nolu 
 ,  

 
 0 ile 1 0.5 

i ve j 
i ve j 

0.5 7 ve 8 7 ve 8 
0.6 8 

1 1 ile 2,3 ve 4 nolu  (0.6) 
 2,3 ve 4 

3 2 ve 4 n 0.7
görülmektedir. Bu nedenle 1,2 3, 5 ve 6 

 
 

 
Üçüncü 

gruplamaya göre depo içerisi

ama yolu Z 4 ve 3 5 ve 6 
gelecektir. Z  
 

 

(1) 
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Tablo 3.   

Grup No  

1 1, 2, 4 

2 3 

3 5 

4 6 

5 7, 8 
 

Tablo 4.   

  

1 1 

2 2 

3 4 

4 3 

5 5 

6 6 

7 7 

8 8 

 

. 1. Yeni sezgisel yönteme göre   

-
-

 

2.3. yöntemi (Order Item Quantity) 

sipari

inde 
.  
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Tablo 5.  

   % 

1 1 7 0.20 

2 4 4 0.11 

3 5 4 0.11 

4 2 7 0.20 

5 3 4 0.11 

6 6 3 0.09 

7 7 3 0.09 

8 8 3 0.09 

Toplam 35 1 
 

Tablo 6.   

  

1 1 

2 4 

3 5 

4 2 

5 3 

6 6 

7 7 

8 8 

 

. 2.  
2018) 

3. BULGULAR 

1 4 
toplana 1, 2, 3 ve 4 
1 birim mesafe kat edilecektir. 1 nolu depo biriminden 2 nolu depo birimine gelmek için 1 3 

3 Z 1 
geçme mesafesi ve 4 nolu depo biriminden 3 1 birim mesafe olmak üzere toplam 2 birim mesafe 
gidilmesi gerekmektedir.  
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Tablo 7. Yeni sezgisel yönteme göre çözümün gösterilmesi  

     

  1 2 3 4 5 6 7 8  Mesafe 

S1 1,2,3,4 1 1 2 1 
    

1 6 

S2 1,2,3 1 1 2 
     

2 6 

S3 1,2,4 1 1 
 

1 
    

1 4 

E4 1,3,4 1 
 

3 1 
    

1 6 

S5 4,5,6,7,8 
   

1 2 1 1 1 4 10 

S6 5,7,8 
    

3 
 

2 1 4 10 

S7 1,3,4 1 
 

3 1 
    

1 6 

S8 1,2,4,5 1 1 
 

1 2 
   

3 8 

S9 5,6,7 
    

3 1 1 
 

3 8 

S10 1,4,5,6 1 
  

2 2 1 
  

4 10 

          Toplam 74 Birim 

 

Tablo 8. göre çözümünün gösterilmesi  

         
  1 2 3 4 5 6 7 8  Mesafe 

S1 1,2,3,4 1 3 1 3 2 10 

S2 1,2,3 1 3 1 3 8 

S3 1,2,4 1 3 3 2 9 

S4 1,3,4 1 6 3 2 12 

S5 4,5,6,7,8 2 1 3 1 1 4 12 

S6 5,7,8 1 4 1 4 10 

S7 1,3,4 1 6 3 2 12 

S8 1,2,4,5 1 3 3 1 1 9 

S9 5,6,7 1 3 1 3 8 

S10 1,4,5,6 1 1 1 3 4 10 

                    Toplam 100 Birim 

 

1 3 ve 4 
1 

gerekmektedir. Bu nedenle, 4 nolu depo biriminden 
6 8

. 
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 -7 ve tablo-8). 

 
 

 

 

Tablo 9. Rastgele elde edilen çözümünün gösterilmesi 

         
  1 2 3 4 5 6 7 8  Mesafe 

S1 1,2,3,4 2 1 2 6 
    

2 14 

S2 1,2,3 2 1 2 
     

3 6 

S3 1,2,4 2 1 
 

4 
    

2 10 

S4 1,3,4 2 
 

1 6 
    

2 12 

S5 4,5,6,7,8 
   

3 2 1 1 2 4 13 

S6 5,7,8 
    

2 
 

2 2 4 10 

S7 1,3,4 2 
 

1 6 
    

2 12 

S8 1,2,4,5 2 1 
 

4 2 
   

1 11 

S9 5,6,7 
    

2 1 1 
 

3 8 

S10 1,4,5,6 2     5 2 1     4 13 

                    Toplam 109 Birim 
 

3 da kat edilen 
mesafeler tablo 9 109  

4. SONUÇLAR 

için 

sonuçlar rastgele belirlenen bir çözüm ile kar , 
  

74 birim toplama mesafesine sahip iken, 100 birim toplama mesafesine 
ve son olarak rastgele belirlenen çözüm ise 109 birim toplama mesafesine 

 ve rastgele belirlenen çözüme göre 
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  örnek üzerinden sezgisel 
ve rastgele elde edilen çözüm ile 

 

 

3 1,2 ve 3 
- 8 

  

 matematiksel modelleme ile problemin en iyi 
 

3 
lde edilen sonuç  

REFERANSLAR 

Accorsi, R., Baruffaldi, G., Manzini, R. (2018). Picking efficiency and stock safety: A bi-objective storage assignment policy for 
temperature-sensitive products. Computers & Industrial Engineering, 115, 240-252. doi: 10.1016/j.cie.2017.11.009. 

Chuang, Y., Lee, H., Lai, Y. (2012). Item-associated cluster assignment model on storage allocation problems. Computers & 
Industrial Engineering, 63, 4, 1171-1177. doi: 10.1016/j.cie.2012.06.02.1. 

De Koster, R., Le Duc, T., & Roodbergen, K. J. (2007). Design and control of warehouse order picking: A literature review. 
European Journal of Operational Research, 182(2), 481 501. doi: 10.1016/j.ejor.2006.07.009. 

Diaz, R. (2016). Using dynamic demand information and zoning for the storage of non-uniform density stock keeping units. 
International Journal of Production Research, 54, 8, 2487 2498. doi: 10.1080/00207543.2015.1106605. 

Dijkstra, A.S., Roodbergen, K.J. (2017).  Exact route-length formulas and a storage location assignment heuristic for picker-to-
parts warehouses. Transportation Research Part E, 102, 38 59. doi: 10.1016/j.tre.2017.04.003. 

se in 
China. International Journal of Production Research, 55:2, 447-461. doi: 10.1080/00207543.2016.1187313. 

Lin, C.-H., & Lu, I.-Y. (1999). The procedure of determining the order picking strategies in distribution center. International 
Journal of Production Economics, 60 61, 301 307. doi: 10.1016/S0925-5273(98)00188-1. 

Liu, C. M. (1999). Clustering techniques for stock location and order-picking in a distribution centre. Computers and Operations 
Research, 26 (10), 989 1002. doi: 10.1016/S0305-0548(99)00026-X. 

Liu, C. M. (2004). Optimal storage layout and order picking for warehousing. International Journal of Operations Research, 1(1), 
37 46. 

 
636-642. 



 

Uluslara
Dergisi

International Journal of Engineering Research 
and Development 

3 /December 480410 
 

             . 
 

 
erdemir@erciyes.edu.tr

Numerical Investigation of the Effect of Placing Sloped Obstacle in the Horizontal Hot 

Water Tanks

*1, Buket TURGUT 2, Necdet ALTUNTOP 1

1 , 38039, Melikgazi, Kayseri
2 Tokat

Received: 08/11/2018              Kabul/Accepted: 10/12/2018              Son Versiyon/Final Version: 13/12/2018

Öz

tank içerisine Engeller m=50, 100 
ve 150 mm mesafelerde ve yatayla a=60º, 75º ve 90º

. , ortalama 
depolanan su verimleri , un,
içerisinde engel olmayan duruma göre .
durum a=60º . ºC olup, engelsiz tanka göre 

4ºC daha yüksektir. 
daha yüksektir. Sonuç olarak; tank içerisinde 

Anahtar Kelimeler
“ .

Abstract
The use of horizontal hot water tanks in solar hot water systems is becoming widespread due to the increased use of vacuum tube 
solar collectors and providing a more aesthetic appearance. Despite the increasing use of it, there are a limited number of studies in 
the literature regarding horizontal hot water tanks. In this study, the effect of placing sloped obstacle in the tank to increase the 
thermal performance of a horizontal mantle hot water tank was investigated numerically. The obstacle has been located at a 
distance of m = 50, 100 and 150 mm from the mains input and at an angle of a = 60º, 75º and 90º. Thus, the effect of the slope
angle and position has been investigated numerically. Results have been evaluated based on temperature distribution within the
tank, mantle outlet and main outlet temperatures, average temperature of stored water, energy and exergy efficiencies. As a result 
of the study, every situation where the obstacle is placed in the tank has a higher thermal performance than the ordinary tank. The 
best condition in terms of thermodynamics is seen in case of a = 60º and m = 100 mm. In the same case, the storage temperature is 
35ºC and is approximately 5ºC higher than the ordinary tank. In the same case, the mantle outlet temperature is lower than the 
ordinary tank and the outlet temperature is higher. As a result; The sloped obstacle placement in the tank provides higher thermal 
performance than the obstacle in which there is no obstacle and the vertical obstacle.

Key Words
“Horizontal hot water tank, Solar domestic hot water system, Sensible thermal energy storage”
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1.

duruma ek olarak,
a

gitmektedir. Bu pik olmayan 
dönem, gündüz, gece

Böylece 
; her bir enerji 

tü

türlerinde de dünyada 
ok 

uy
’de tipik bir 

ise) direk 

edil

 

Terminoloji
A
a
B
C
c
D
E Enerji (J)
Ex Ekserji (J)
I (J)
m

kütlesel debi (kg/s)
T

Enerji verimi
Ekserji verimi

, in gece saatlerin yararlanmaya devam etmek için 
su

daha 

bilinmektedir
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Andres ve
bu modeli deneysel bul

yatay ma

i

orelasyon 

ki 

an 

Fertahi vd. (2018) 

Erdemir ve Altuntop 

;

b

,
Tank içerisine yatay düzlemle 
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2. MATERYAL VE METOT

2.1.
,

.
Kolektörden gelen 

mantodan
inde manto ve 

,
T

n
ile t

2. 

Tablo 1. 

400 mm

1000 mm

20 mm

1, X2, Y1, Y2) 50 mm

Engel tank 50, 100, 150 mm

60°, 75°, 90°

2.2.
ANSYS ve alt modülleri 

hacminde
a

sonra Workbe

Büyük eleman 
ki 

eleman boyutuna göre %50 daha 
l

olarak 3.2 milyon elema
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3.

4.

2.3. Prosedür
de 

k-epsilon, k-epsilon RNG, k-w ve k-w SST türbülans modelleri
-

k-
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lece 
.

2.4. Termodinamik Analizler

le ifade 
y termodinamik analizler 

k
enerj

.

Enerji analizi:

 Ç  =   (1) 

Bu ifade 

= E (2) 

Buradaki ifade de ( ) ifadesi ise 

=  (3) 

=   ( ) (4) 

Ekserji analizi:

 (Ç   +   )  =   (5) 

Bu ifade 

= Ex (6) 

Bu ifadedeki ifadesi depolama 
net ( )

=  (7) 
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=   ( )   (8) 

3.

3.1. Model ve Prosedürün 

olmayan normal
görülmektedir. 
sonu ve deneysel sonu görülmektedir. tank

deneysel sonuçlar uyum 

Erdemir ve Altuntop (

(a)

(b)

3.2. k

yöntemler biridir. 

istenmektedir. 
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tank i

da, 

3.3.
eviyede 

7
tüm durumlar için görülmektedir. 7

T
ortal a=90 m=50 mm durumu, a=75 m=100 mm durumu ve a=60 m=100 mm durumunda 

Belirtilen 

3.4.
için önemli performans parametrelerindendir. Manto 

e

8’de 120 dakika
a=90 m=50 mm ve a=90 m=100 mm 

En yük m=150 mm ve a=60
anto 

3.5.

üzere, 

im 
verimi ifadeleri göz önünde 
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Normal Tank a=90° m=50 mm

a=90° m=100 mm a=90° m=150 mm

a=75° m=50 mm a=75° m=100 mm

a=75° m=150 mm a=60° m=50 mm

a=60° m=100 mm a=60° m=150 mm

6.
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7. Tüm durumlar için ortalama 

 

8.
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-OFDM) sistemlerde, hata kontrol 
 uzay-

-

-
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-zaman blok kodlar, konvolüsyon kodlar, dikgen frekans bölmeli 
 

 
Abstract 
Multicarrier modulation techniques like orthogonal frequency division multiplexing (OFDM) and frequency division multiplexing
(FDM) have recently been introduced as robust techniques against intersymbol interference (ISI) and noise, compared to single 
carrier communication systems over fast fading multipath communication channels. Therefore, multicarrier modulation techniques 
have been considered as a candidate for new generation, high data rate broadband wireless communication systems and have been 
adopted as the related standards. In this study, low density parity-check (LDPC) codes, space-time block codes (STBC) and 
convolutional codes, which are known as error control codes, are discussed in multi-input multiple-output orthogonal frequency 
division multiplexed (MIMO-OFDM) systems. Specifically, performance results for additive white Gaussian noise (AWGN) 
channel in binary phase shift keyying (BPSK) systems of these three codes have been compared. Bit error rates (BER) on binary 
phase shift keyying systems of space-time block codes, low density parity check codes and convolutional codes are simulated using 
matlab. Simulation results show that space-time block codes provide better performance than the other two error control codes. 
 
Key Words 

-time block codes, convolutional codes, ortogonal frequency division multiplexing, multi-
input multi-output ortogonal frequency division  
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1.  

 ve daha 
meli 

(S. M. Alamouti, 1998 ). 
ti sonucu 

sönümlenmesine neden olabilmektedir ( , 2004)
üzerinden 

matematiksel teorisi adl (C. E. Shannon, 1948)
 

nde 

r. Bu 
tür sistemlerde maliyeti azaltmak -
seçilir (A. F. Molisch, 2003).  

(R.W. Chang, 1966)
onu 

(S.B. Weinstein et al, 1971)

-
a 

(Digital Broadcasting Systems, 1996). 

(Onizawa, T., et al, 
1999). 

-
-

enlik modülasyonu (QAM) türleri ile toplamsal beyaz 
 

2. MIMO-OFDM Sistem Modeli 

(Sampath, H., et al., 2002). MIMO sistemler 

-OFDM sisteminde sönümlemenin 
 yüksek veri iletimleri 

(Gordon, L.S, et al, 2004)
-

(Barhumi, I., 2003 & Li, J., 2004). 'de bir MIMO-
görülmektedir. 

Bir MIMO-OFDM sisteminde gelen ikili veriler, modülas
bilmesi 

için seri-
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1 (Minn, 
H., et al. 2005). 

 

 
. MIMO-  

   (1) 

Bu ifadede;    iletilen OFDM sembolü ve  ise 

 (Minn, H., et al. 2005). 

3. KANAL KODLAMA TÜRLERI 

 
-

-kontrol matrisinin blok kodunun matrisine göre daha 
az s Denklem 2  (
2006). 

   (2) 

 

 

 -  

 - -kontrol bitini gösterir ve  

    ( 2006).  
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(T. J. Richardson, 2001) ve Luby (M. G. Luby, 2001) 

 ve  
l 

 ve  parametreler

 ve  lirler 
(T. J. Richardson, 2001). Bu polinomlar Denklem 3 ve Denklem 4  

   (3) 

dir. Burada; -
 

   (4) 

dir. Burada; -  
derecesidir. 

3.1.3. LDPC Kod Çözümü 

3.1.3.1. Yinelemeli Kod Çözümü 
Bir yinelemeli kod çözme yolu olan bit-

 
-

 (C. Di, D. 
Proietti, 2002). 

3.1.3.2. Toplam-  
Toplam- -

(S. Y. Chung,2001). Toplam-

 (S. Y. Chung,2001). 

Toplam- -
-

nan 

(Sarah J., 2002). 

-  Denklem 5
gösterilebilir (Sarah J., 2002). 

   (5) 

-

APP,   
intPi
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-
 

sonraki 
 

döndürülmes (Sarah J., 2002)

Bu  

   (6) 

Denklem 6; Denklem 6 
 

   (7) 

Denklem 7 Denklem 8 elde edilir. 

   (8) 

Burada  

3.2. Uzay-  

dlama 
iklerinden biri de uzay- -

-
(Naguib, A., 2000) -zaman 

uzay-

 
(Naguib, A., 2000). 

mlemeli 

da 

her simge için iletim antenlerinin enerjileri   

Denklem 9'daki gibi yazabiliriz, 

   (9) 

 

i 

(Naguib, A., 2000). 
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boyutlu, H(l) matrisini de  Denklem 9 
Denklem 10 elde edilir. 

   (10) 

Denklem 11  

   (11) 

(Tarokh, V., 1997)
-  (Liew, T. H. 2002). 

Uzay-  
 (V. Tarokh, 1998)

ir uzay-zaman blok kod  (n x 

 

 
 xi 

-
-zaman 

Denklem 12 (Liew, T. H. 2002). 

   (12) 

 

 iletim antenlerinden her zaman dilimi  

 
(Liew, T. H. 2002). Uzay-

-zaman blok 
Denklem 13 (Liew, T. H. 2002). 

   (13) 

p x q) 
 

 ile 
(Liew, T. H. 2002).  

Uzay-

lan 
-

edilmektedirler (V. Tarokh, 1998). 

3.3.  

3.3.1. Kod Üretimi 

  (A. J. Viterbi, 1979).         
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   (14) 

   (15) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. (A. J. Viterbi, 1979). 

 

 

 

 'dir. Sonuç olarak 
(A. J. Viterbi, 1979). 

kli 

 

 

ve 
.

 ve  (A. J. Viterbi, 1979). 

a girilen 
(A. J. Viterbi, 1979). 
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.  

 

 

 

 
 (G. D. Forney, 1973). 

(A. J. Viterbi, 1979). 

 

 

. (a. J. Viterbi, 1979). 

n 

4×2=8 olur. Bundan sonra 

 olur (A. J. Viterbi, 1979).  
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 ve    ile gösterilir. 

 

 
zisine 

karar verir. Karar verilen 

üstel olarak artar (A. J. Viterbi, 1979). 

Denklem 16'daki olsun (A. J. Viterbi, 1979). 

   (16) 

(A. J. Viterbi, 
1979). 

 

. (A. J. Viterbi, 1979). 

 

5
bir periyoddaki 

 yoktur. 
Sonuç olarak, her bir d

(A. J. Viterbi, 1979). 
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4. E BULGULAR 

Tablo 1. OFDM sistem parametreleri. 

Parametre  

fs) 20 MHz 

 174 

FFT Boyutu 256 

 20MHz/256 = 0.078125 MHz 

IFFT/FFT süresi ( TIFFT) 12.8 s 

 TIFFT / 8 = 1.6 s 

 BPSK, QPSK, 8PSK,16PSK,QAM 

Kanal Tipi AWGN 
 

Bu bölümde Tablo 1'de parametreleri verilen 
-

-
 

 

. 2x2 MIMO-OFDM BPSK, QPSK, 8.PSK ve 16.PSK  kanal kodlama 

 
a 2x2 MIMO-OFDM sisteminde BPSK, QPSK, 8.PSK ve 16.PSK iletim sistemleri uzay-zaman blok kodlar 

-
i 

C hata 
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. 2x2 MIMO-  

 

BER-

K iletimine göre daha iyidir.   

 

. 2x2 MIMO-  

 

BER-
/2 kod 

letimine göre gürültüden daha az etkilenmektedir. 
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. 2x2 MIMO-  

 

BER-  
od 

rültüden daha az etkilenmektedir. 

 

. 2x2 MIMO-OFDM konvolüsyon, STBC ve LDPC kanal kodlama 

 

BER-

-   

5. SONUÇ 

u 
-

- -zaman b
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bu 
, dünyada üretilen verilerinin %10'una sahiptir.

de nü Bu 
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makine Güvenlik önceliklidir ve statik IP ve 

mimarisi e
% 71 daha iyi sonuç vermektedir.
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Abstract
With the increase of Internet usage, the use of digital devices, especially computers, telephones and tablets has increased. Besides,
the concept of Internet of Things started to enter our lives with the developing technology. The health sector is one of the sectors 
most affected by these technological developments. It has 10% of all world data of digital equipment used in health sector. With the 
introduction of the Internet of Things concept into the field of health, the data size in this area has started to increase very rapidly. 
The aim of this study is to develop a health-specific distributed file system. The proposed method proposes a scalable, robust and 
serverless distributed architecture for storing data in the healthcare field. In the system, unlike other distributed systems, there isn't a 
machine running as name node or server. Security is prioritized, and static IP and encryption methods have been used. The proposed 
system provides high performance. In addition, the system has better durability compared to other name node architecture systems 
that is in the literature. According to experimental results, the developed system has a better result than 93% according to NoSQL 
systems, 78% according to relational database management systems and 71% compared to operating systems.
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Distributed File System, Medical Big Data, File System



International Journal of Research and Development, Vol.10, No.3, December 2018, Special Issue 

67 

1.

dünyada
an 

(Anonim, Internet Statics, 2016).
(Anonim, 

Virtualization&Cloud, 2017). , ,5 Exabyte veri 

Exabyte ettabyte (Anonim, Mearian, 2018). Bu miktardaki büyük 
veri, f yoluyla 

, önemli 
etkendir. i 150 Exabyte

2,3 Zettabyte (Dean 2009), (Erguzen ve Erdal, 2017).

da
veri hacmi

i

y ve

node’un istemin 
i Tüm sistemde

2.

(Thomson ve Abadi, 2015). Bu ,
(Ellis ve Floyd., 1983).

(Sandberg, Goldberg, Kleiman, Walsh ve Lyon, 1985).
istemciler

yüksektir. Dosyal , istemciden 
kaynaklanan bir hata durumunda sunucu istem 
Dosyalar önbelleklendeikten sonraö

(Coulouris, Dollimore, Kindberg ve Blair., 2011)
nesneler, bir dizinin(directory) 

yerel
server hem client olabilir. Bütün b , veri depolama mali

katman, d
EPH

(Weil, Brandt, Miller, Long ve Maltzahn, 2006).

2007’de Hadoop ile MapReduce paralel hesaplama yönteminden meydana gelen Hadoop Çok 
büyük veri büyük veriyi standart sunucular 

(Shvachko, Kuang 
ve Radia, 2010).
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- (Al-Kahtani ve Karim, 2017) 
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zaman

(Ergüzen ve Ünver, 2018)
ci 

3. SISTEM MIMARISI

a) Dosya sistemi ve cluster yönetimi, 
b) htiyaç duyulan verinin sürede 

u

S

3.1.
uygulamalar n

system,
uygulamalar, dosyalama ve ‘write once read many’

’y
GetAvailableDatanodeIp, ChangePassword, SaveFile,
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3.2.

data 
ndan 

ile, data node’lara güvenli bir Symmetric-
bir IP adresine sahiptir. Sistemde istemci 

Data node’lar kendisine yüklenen 
saklar. 

, R

3.3. Sanal Dosya Sistemi
e ne ait disk

sahiptir. Sanal Dosya sistemi, diskte edir. Bu da ortalama 
bir diskte %75- , veriyi

Sanal dosya sistemi 10 mega
Bir blok, 

veri

3.4. Sistemin Özellikleri
1. Sistem 
2.
3.
4.
5.
6.
7. Name node problemi, name 

8. 128-
9.

3.5.
tir. Her bir node’ta Redhat Enterprise Linux Server 6.0 

-1.6.0, MongoDB-3.4.2 ve Hadoop- CouschBaseDB ise, bucketlar, 20 
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Test so %93
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Yönetim Sistemi) %78 %71

Bu sayede 
Sanal

4. SONUÇ

lir, 
ölçeklendirileb sistem 
ortaya koy
sunucusuzdur. Bu sayede 

’a yüklen

d

Sistemin ko

depolama problemlerini için optmum maliyet ile çözebilecek bir sistem 
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Abstract
Currently, human anatomy and related diseases are still under investigation. One of the most interesting anatomical parts of human 
beings is undoubtedly the brain. Today's studies show progress in various areas by monitoring the neural activity of the brain. One 
of the most common methods for monitoring brain signals is known as EEG (Electroencephalogram). Today, EEG is used as an 
adjunct to medical diagnosis and treatment, and is also used in interdisciplinary computer science systems in BCI (Brain Computer 
Interface) systems. Brain Computer Interface (BCI) systems are based on the use of individual brain signals and the proper use of the 
individual to communicate with the outside world. Usage areas of BCI systems; partial motor movement loss, severe paralyzed 
individuals, severe speech difficulties and so on. can be listed as. In this study, the current point of BCI system design is compiled. 
In this way, the status of BCI system studies can be monitored and the direction of developments in the BCI field can be seen. 

Key Words 
EEG, BCI, Brain, Control, System  
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1. G

 1   
11  (Bora & Yeni, 2012). 

(Bora & Yeni, 2012) (Siuly, Li, & Zhang, 2016)

Bu elektrik  
(Bora & Yeni, 2012) (Siuly, Li, & Zhang, 2016).

 

1 :  (Bora & Yeni, 2012). 

(Bora & Yeni, 2012) (Siuly, Li, & Zhang, 2016). EEG beyin korteksinde yer 
(Bora & Yeni, 2012) (Siuly, Li, & 

Zhang, 2016) (Teplan, 2002)

(Ilyas, Saad, & Ahmad, 2015) (Lotte, Congedo, Lécuyer, Lamarche,, & Arnaldi, 2007). 

 

2 :  - CHB-MIT Scalp EEG Database

1.1. EEG Sinyalleri ve Temel Kavramlar  
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EEG 
 (Bora & Yeni, 2012). 

 3   5 
(Siuly, Li, & Zhang, 2016). Öyle ki; dalga 

-  - - 
(Bora & Yeni, 2012) (Siuly, Li, & Zhang, 2016). 

 

3 : 5 temel EEG sinyal tipinin frekans gösterimleri (Siuly, Li, & Zhang, 2016). 

(Bora & Yeni, 2012) (Siuly, Li, & Zhang, 2016)
(Siuly, Li, & Zhang, 2016) (Teplan, 2002). Teta 

 (Siuly, Li, & Zhang, 2016). Alfa 
da  

atürde 
(Siuly, Li, & Zhang, 2016)

(Siuly, Li, & Zhang, 2016)
seviye olan 80-

(Siuly, Li, & Zhang, 2016). 

-20 ve 10-10 montaj sistemleri tercih edilmektedir 
(Ilyas, Saad, & Ahmad, 2015) (Maracine, Radu, Ciobanu, & Popescu, 2017). 10- olarak daha çok 

-  10-
4  
sinyallerinin elde 

edir. 
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4 : -  

2.  

Beyin Bilgisayar Arayüzü (Brain Computer Interface (BCI) ) sistemlerinin temelinde birey beyin sinyallerinin toplanarak bireyin 
(AIQattan & Sepulveda, 2017) (Ilyas, Saad, & Ahmad, 

2015) k 
(AIQattan & Sepulveda, 2017) (Anupama, N.K., & Lingaraju, 2014) (Camacho & Manian, 2016) (Tatum, 2017) 

(Ernest, Smitha, & Vinod, 2015) (Jadav  (Katona, Ujbanyi, Sziladi, & Kovari, 2016). Genel 
5  

(Smitha , Vinod, & K, 2016) (Liu, Chen, Lee, Pei, & Mill´an, 2017) (Chan 
& Dascalu, 2017)
güçlüklerinin üstesi (Katona, Ujbanyi, Sziladi, & Kovari, 2016).  Temel bir BCI sistemi 

(Liu, 
Chen, Lee, Pei, & Mill´an, 2017)
invazif ve invazif olmayan (Siuly, Li, & Zhang, 2016)

(Siuly, Li, & Zhang, 2016) (Teplan, 2002) (Maracine, Radu, Ciobanu, & Popescu, 2017) olmayan BCI sistemlerinde EEG 
. Bu yöntem 

sahiptir. 
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5 : (Siuly, Li, & Zhang, 2016). 

BCI sistemlerinde;  -

  
 (Classification) üzerinde amaca

 
 Geri besleme 

(Feedback) sayesinde sistem  tedir (Ilyas, Saad, & Ahmad, 2015) 
(Smitha , Vinod, & K, 2016) (Chan & Dascalu, 2017). 

2.1. BCI sistemlerinde -processing) 
 

özelinde  leme için birçok teknik 
 Common Average Reference(CAR), Laplacian filtreleri, Principal Component Analysis(PCA), 

Independent Component Analysis(ICA)  (Dogrui, King, & Chuanbg, 2017).  

(principal component)
vektörler elde edilmesini hedeflemektedir (Ilyas, Saad, & Ahmad, 2015)

 (Dogrui, King, & Chuanbg, 2017).  
 

2.2.  
r 

P300 potansiyelleri, SSVEP(Steady State Visual Evoked Pote kal potansiyeller (SCP) 
eli; 

siyel 
 (Xing, McCardle, & Xie, 2012). 

. Sözü geçen bu tip 
  (Curtin, Ayaz, Liu, Shewokis, & Onaral, 

2012). 6 P300-Based BCI Mouse With Genetically-Optimized Analogue Control
 How 

many people are able to control a P300-based brain computer interface (BCI)?
   

(Cotrina, 2017). 
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6 : Örnek bir P300 sinyal gösterimi (Citi, Poli, Cinel, & Sepulveda, 2008). 

P300 sinyallerinin  
(Cotrina, 2017) (Xing, 

McCardle, & Xie, 2012). 7  SSVEP sinyal inceleme metodunda genel 
(Xing, McCardle, & Xie, 2012). Bu 

d  
 birkaç kez gösterilmeli ve böyl

 (Xing, McCardle, & Xie, 2012). 
  

(Cotrina, 2017). 

 

7: Örnek  (Cotrina, 2017). 

 
Transform), ICA, PSD(Power Spectral Density) veya FFT(Fast Fourier Transform) tekniklerin  

2.3.  

 
belirlenmektedir (Cotrina, 2017). Bunlardan bir 

iscriminant Analysis), MLP(Multi Layer Perceptron), SVM(Support Vector Machine), YSA(Yapay Sinir 
 ( Abdel-Hadi , El-Khoribi, Shoman, & Refaey, 2015) (Ilyas, Saad, & Ahmad, 2015) 

(Maracine, Radu, Ciobanu, & Popescu, 2017) (Siuly, Li, & Zhang, 2016) (Toderean & Chiuchisan, 2017) (Xing, McCardle, & 
Xie, 2012)  

 (Ilyas, 
Saad, Ahmad, & Ghani, 2016) (Siuly, Li, & Zhang, 2016) (Xing, McCardle, & Xie, 2012). (Xing, McCardle, & Xie, 2012) 
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 3 
(Xing, McCardle, & Xie, 2012)

 

Classification of EEG Signals for Brain-Computer 
Interface Applications: Performance Comparison (Ilyas, Saad, Ahmad, & Ghani, 2016)  

-NN(k-Nearest Neighbour), MLP-ANN(Muti Layer Percptron 

 73.03% 
 

3.  

-time EEG based Object Recognition System Using Brain 

(Anupama, N.K., & Lingaraju, 2014)
Brain - amda 

. EEG 
-En 

-Based Brain-
gusal durumunu mutlu veya üzgün olarak 

(Pan, Li, & Wang, 2016)

EEG-
(Pan, Li, & Wang, 2016)

ek 
(Hsieh, Sun, Yeh, & Pan, 2017).   

(Bora 
& Yeni, 2012) (Siuly, Li, & Zhang, 2016) (Teplan, 2002) (Ilyas, Saad, & Ahmad, 2015) (AIQattan & Sepulveda, 2017). Ancak bu 

gerekir.

4. SONUÇ 

 
bir 

 

EE
 

 

(Camacho & Manian, 2016) (Ernest, Smitha, & Vinod, 
2015) (Ilyas, Saad, & Ahmad, 2015) . Bununla birlikte EEG sinyallerinin teknoloji 

elli 
nyallerini izleyebilmektedir. 
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Abstract
This paper is about a navigation system for unmanned or automized vehicles which is one of the important issues nowadays. We 
propose a system that solves the issue about navigating where GPS system does not work or cannot reach to enough accuracy. 
Proposed system basically consists of setting beacons alongside the road and navigate according to bearing angles of those beacons. 
The system can assist vehicles that are navigated with GPS, in cities or between cities. The advantages of the proposed system are, 
providing quick automation and being less sensitive to environmental conditions. Proposed system can provide much cheaper 
maintenance and more sensitive automation than GPS when it is assisted by a map in its data base. The MATLAB simulations of the 
system prove that system is practicable and developable. In simulations it is verified that; with this system, vehicle can keep its line 
with high precision.

Key Words
“Navigation, Direction finding, Unmanned vehicles, Automized vehicles, Beacon”
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1. INTRODUCTION

Nowadays big companies such as Mercedes, Tesla and Google are working on automized vehicles. Each of these companies has 
their own unique systems but they are using similar hardware and GPS (Global Positioning System) technology. However there is 
no commercially full automatic car due to lack of system reliability. Companies integrate these systems to their cars but none of 
them guarantee a safe drive. So it is advised that even when using auto pilot, driver must not let go of steering wheel.

Intuitively, RFID-ANS (Radio Frequency Identification Assisted Navigation System) complements to the current GPS navigation 
system when GPS signals are not available (such as in tunnels) or when the GPS position is ambiguous to a vehicle (such as at
cloverleaf intersections). But in practice, GPS does not provide sufficient information for navigation due to its low positioning 
accuracy (5 to 7 meters). Moreover, even combined with map-matching technologies, GPS still cannot achieve lane level 
positioning and cannot provide information regarding the traffic direction in the current lane. Nevertheless, these information are 
necessary to prevent vehicles from entering a wrong way when roads are under construction or lanes are temporarily borrowed by
the traffic along a different direction (Cheng vd., 2012: 1).

When first GPS system worked operationally it had 100 meter of tolerance. After receiver adjustments, this tolerance reduced to 
20 meters. DGPS (Differential GPS) has much lower tolerance and high accuracy. However the ideal conditions of DGPS depend 
on several important variables such as ionosphere effects, satellite positions and time differences. In most of the navigation 
systems those use GPS, system malfunction becomes due to non-homogeny of environment and unknown object encounter while 
transferring data. For example GPS cannot be used for underground works and inside the mines, moreover some buildings block 
the GPS signals. The applications including RFID are mostly designed for indoor navigation. In RFID systems, indoor navigation 
is achieved by using methods of range finding, object defining and mapping. Due to nature of RFID all of these systems include 
data transmission. But this makes it dependent to a number of environmental factors. Besides these systems cannot be adapted to 
outdoor applications (Chris Tralie; Tsukiyama, 2011: 2)

In the long range navigation applications with RFID for cars and trucks, tags are placed under road and used not only for 
navigation but also for providing information about road. The disadvantage of this system are, the requirement of tags to be placed 
while road is being built and it requires huge number of tags (Jing vd., 2016: 2). In 2016, Apple proposed a beacon based 
navigation in one of its patent but this system also transmits data so it depends on environmental variables too (Varoglu, 2016).
Proposed navigation system in this paper basically consists of marking road with beacons. Vehicle finds its path by measuring
angles of beacons while taking its current heading direction as reference. While vehicle progresses trough road it updates beacon 
in interest. Also with some extra beacons vehicle can be informed about changes in road (For example number of lines or width of 
the road). A phased array antenna can be utilized to find the angles of beacons.

An antenna converts bound circuit fields into propagating electromagnetic waves and, by reciprocity, collects power from passing 
electromagnetic waves. Maxwell’s equations predict that any time-varying electric or magnetic field produces the opposite field 
and forms an electromagnetic wave. The wave has two fields oriented orthogonally, and it propagates in the direction normal to 
the plane defined by the perpendicular electric and magnetic fields. The electric field, the magnetic field, and the direction of 
propagation form a right-handed coordinate system. The propagating wave field intensity decreases by 1/R away from the source, 
whereas a static field drops off by 1/R2. Any circuit with time-varying fields has the capability of radiating to some extent. We 
consider only time-harmonic fields and use phasor notation with time dependence e . An outward-propagating wave is given by 
e
light (3 × 108 m/s in free space) and f is the frequency. Increasing the distance from the source decreases the phase of the wave
(Milligan, 2005: 1).

Suppose that a wave approaches with an angle to the axis of an array located on the z axis (Figure 1). The wave reaches the top
element first and progresses down the array in succession. If the signals are added directly, they will cancel each other to some 
extent because they have a progression of phases. 
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Figure 1: Linear array scanned with time-delay networks

Figure 1 shows the results of adding a series of time delays to equalize the path lengths in the lines where the position z i along the 
i 0:

i = z i 0 0) (1)

and velocity of 0 i, positive. This feed network is frequency 
independent, as we vary the progression of time delays to scan the beam. Phase shifters replace the time-delay networks in phased 
arrays. They 0, the required phase shift is

0 (2)

0) modulo 360 (deg) (3)

for elements located on the z-axis. The phase factor on each element of a general space array is 

e 0
• r) (4)

where 

k0 0 0 0 0 0zˆ) (5)

is the vector propagation constant in the direction of the beam and r is the element location (Milligan, 2005: 117).

An array sensor system has multiple sensors distributed in space. This array configuration provides spatial samplings of the single 
sensor in signal reception and parameter estimation. Its superior spatial resolution provides a means to estimate the direction of 
arrival (DOA) of multiple signals. A sensor array also has applications in interference rejection, electronic steering, multi-beam 
forming, etc. This technology is now widely used in communications, radar, sonar, seismology, radio astronomy and so on (Grice 
vd., 2007).

DOA of wideband signals can be effectively estimated by using Space Time Adaptive Processor (STAP). STAP is the 
combination of space and time processing, thus it demands a higher processing power. Best performance of STAP is by choosing 
the reference signal as the center data of the FIR filter from the sensor at the origin (Grice vd., 2007: 1-2).

One of the big advantages of proposed system is that it does not require transferring data. The other big advantage of the system is 
that it does not depend on the amount of power of the incoming signal. Vehicle can receive the incoming electromagnetic wave 
from beacons with a phased array antenna and calculate angles of beacons. Therefore the proposed system is independent of most 
of the environmental factors since phased array antenna finds angle by phase difference.  Beacons can be passive RFID tags and
they can be energized by a transmitter on the vehicle. This will save us from energizing beacons by wire.
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2. PROPOSED SYSTEM

The aim of designed system is to create an alternative to GPS system when GPS signal is not available or when it cannot provide 
enough accuracy. For example, RFID navigation can be used to transfer ores from a mine automatically or to navigate on Mars 
where GPS signal is unavailable. Also sand storms may cause a malfunction on GPS navigation since signals coming from outer 
atmosphere. Proposed system can assist in these kinds of cases. The principle of proposed system is navigating without an 
operator, using beacons alongside the road.

Here are important details:

Beacons must be placed at the edge of the road as seen in Fig.2

If road is curved, the line between beacon pairs, must intersect on the center of curve as seen from Fig.3.

When road width changes, vehicle must be informed.

 
Figure 2: Straight road navigation

Placed beacons transmit electromagnetic wave omnidirectionally and none of them transfer data. A phased array antenna on 
vehicle can calculate angles of beacons. If beacon frequencies are different from each other, they can be identified easily. On the 
other hand beacons can broadcast with same frequency but they must not be placed inside their ranges.

 
Figure 3: System implemented to a curved road

After calculation of beacon angles, system calculates angle of curve. If road is straight it can be identified with this calculation. 
Here the reference angle is the direction of vehicle. For example in Figure 2 A and B are angles of incidence. One of the system 
input is the ratio between the right side and left side of road widths (basically which line is used on road). If this information is 
satisfied to proposed system, vehicle can navigate on straight and curved roads without losing track of its line, Vehicle must be 
informed if road width changes since the input is the ratio of widths. This can be satisfied with different kinds of sensors or a 
beacon can be placed that transmits road width. The output of the system is angle of curved road and distance to the center of 
curve. These values are enough to navigate through a curved or straight road without losing line. When sum of both beacon 
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angles is equal to 180 degrees following beacon signals are taken into account and continues until no signal is received. System 
calculates several arithmetical and trigonometric equations at background.

Assume that beacon angles are ‘b’ and ‘a’ as seen in Figure 4.

 
Figure 4: Angles of beacons on straight road

Also assume that line ratio is ‘x / y’ and the vehicles distance to line between beacons is ‘h’.

In this case: 

tan(a) = x / h (6)

y / tan(b) =  h (7)

If h replaced in Eq. (6) as in Eq. (7)

tan(a) = tan(b) * x / y (8)

From Eq. (8) the result is obtained as zero:

tan(a) – tan(b) * x / y = 0 (9)

If the above equation is not equal to zero it means that vehicle is losing its line. On a straight road this equation shall stay equal to 
zero. If it’s not then it means road ahead is curved. In this case following algorithm works:

Width ratio ‘B / C’ is given as input and distance to center of road from the edge of road is ‘A’. Here beacon angles are ‘b’ and ‘a’ 
similar to straight road. So it means that complementary angles of ‘b’ and ‘a’ are ‘t’ and ‘g’ respectively, when vehicle direction is 
taken as reference. In this case if we use triangle angle rules and sine theorem:

sin(t) / (A+B+C) = sin(t-m) / (B+A) (10)

sin(g) / A = sin(g + m) / (B+A) (11)

‘A’ is obtained as below from Eq. (11):

A = (B*sin(g)) / (sin(g + m) – sin(g) (11)

If Eq. (10) is adjusted as this:

sin(t) / sin (t-m) = 1 + (C / (B+A)) (12)

In Eq. (12) ‘A’ can be replaced as in the Eq. (11). After ‘A’ is replaced and trigonometric conversion formulas are used, a quartic 
equation is derived that depends on cosine (m). With this equation ‘m’ can be derived which is curve of road. After curve is found, 
with Eq. 11, ‘A’ also can be derived which is distance to center of curve.
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Figure 5: Angles on curved road

As seen in Figure 6 vehicle ‘V2’ can block signal broadcasting from ‘b1’ and cause malfunction for vehicle ‘V2’ navigation. To 
prevent other vehicles from blocking the signal, beacons can be placed higher than height of a truck. Height of the beacon only 
effects range of broadcast. Navigation algorithm does not depends on the height of the beacon since phased array antenna can be 
design as it can only detect horizontal incoming signal angle.

Figure 6: Signal blocked by other vehicle

Broadcasting signal can be reflected by ground and other vehicles as seen in Figure 7 and Figure 8. The main difference between 
reflected signal and broadcasting signal is amplitude and direction.

 
Figure 7: Signal reflection from other vehicle
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Figure 8: Signal reflection from other vehicle

Reflected signal may not reach phased array antenna due to attenuation or frequency distortions but in case, antenna can be 
designed as it will not receive signals coming from bottom of the antenna. Reflected signal will be coming from bottom of the 
vehicle since beacon transmits signal from a higher attitude. So broadcasting signal can be differentiated from reflected signal. 
To eliminate signals coming from bottom, a metal sheet can be placed under the antenna or antenna can be placed at the back of 
the vehicle (as seen in Figure 9) since most of the vehicles top is covered with metal.

 
Figure 9: Phased array antenna design

If we calculate how far reflected signal can be blocked by cars top metal sheet: 

(l1 +l2) / l1 = (w1 + w2) / w1 (13)

In Eq. 13 we are looking for (w1 + w2) which is how far reflected signal should be coming from to reach the antenna. If we 
assume average height of the vehicle as 1.5 meters, height of antenna as 0.1 meters and top sheet length as 3 meters we find:

(0.1 +1.5) / 0.1 = (w1 + w2) / 3 (14)

(w1 + w2)= 48 meters (15)

3. SIMULATION AND DISCUSSION

The system was simulated with MATLAB. In simulations, the direction that the vehicle traveled was assumed as the reference 
angle, and the angle to the point where the beacons were located was given as input to the system. These inputs correspond to the 
't' and 'g' angles shown in Figure 5. Another input is the ratio of 'C' and 'B' distances.

After determining the inputs, the system is programmed to track the direction of the vehicle to be updated depending on the angle 
of the beacons. As shown in Figure 10, Figure 11, Figure 12, the vehicle can keep its route without leaving the line, according to 
the angle information taken from the beacons located at the sides of the road respectively.

An important problem that should be solved in the system is the location of the beacons. The arrangement of the beacon locations 
depends on the broadcasting frequency of the beacons. They may broadcast at the same frequency or at different frequencies.  
When the same frequency broadcasting is considered, there is a possibility that the vehicle will confuse from which beacon the 
signals is taken. So it is necessary to make a selection according to the arrival angle (a and b angles in Figure 5) of the signals. It is 
highly likely that the algorithm in the vehicle will mix the places of the beacons where the intersection of broadcast fields of radio 
stations is intense (for example, in bends and intersections). Therefore, the distance of the beacons should be selected considering 
the intersection of the broadcast areas.
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Figure 10: Vehicle status on T = 1 instance

On the other hand, if we consider the design of a different frequency broadcast radio, the intersection of the broadcast ranges of the 
beacons is not a problem. If at least 3 different frequencies are selected and are assigned periodically along the way to the beacons 
in pairs, the intersection of the beacons are blocked on the straight path. However, more frequencies may be needed during bends 
and intersections. If a design is to be selected in such a manner in the beacons, the phased array antenna(s) on the vehicle must be 
considered in accordance with this design.

 
Figure 11: Vehicle status on T = 2 instance

An advantage of the different frequency broadcast beacon design is that if one of the beacon pairs fails, the vehicle may notice
that it is malfunctioning and the path can be estimated with another algorithm. In this way the design is more advantageous, but it
has a wider area in the frequency band. At the same time, phased array antenna(s) make the design more challenging.

Two different simulations have been made, one for curved road and other one for an intersection. Intersection results can be seen 
in Figure 13, Figure 14, Figure 15 and Figure 16. To eliminate confusion of beacons in intersection simulation, additional 
beacons has been placed to the corners. In the implementation; beacons were placed at the bends at intervals of 45 degrees in
curved road simulation. According to the results of the simulation, when it is accepted as (0,0) point and 0 degree as references, 
vehicle arrived the place where supposed to have arrived with a faulty of 0,00074% and reached to 1,4694 degrees fault in 
direction.
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Figure 12: Vehicle status on T = 3 instance

The reason for the resulting error is due to the fact that sinus and cosine functions are used while the locations of the beacons are 
being written. Also some of the numbers are rounded.

 
 

Figure 13: Vehicle status on T = 1 instance in intersection
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Figure 14: Vehicle status on T = 2 instance in intersection

 

 
Figure 15: Vehicle status on T = 3 instance in intersection
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Figure 16: Vehicle status on T = 4 instance on intersection

4. CONCLUSION

Simulations made with MATLAB are evidence of the correctness of the algorithm and indicate that the system can be further 
improved. Electromagnetic transmission and antenna models also will be analyzed and added to simulation in future researches.

The disadvantage of the system is; along the road, the width of the road must be determined and reported to the system on the
vehicle. This can be done with many different sensors, or with another beacon that indicates that the width of the road has 
changed. Also other vehicles and buildings may reflect the broadcasting signal and cause malfunction in navigation.

If we compare this to a satellite-based system (GPS, Galileo ...), the cost of constructing a satellite starts at $ 100 million, and its 
orbit placement cost ranges from $ 10 million to $ 400 million (Brown and Harris, 2000: 11). A glitch that can occur during 
launch can cause the rocket to explode and cause these operations to be repeated (constructing and launching the satellite). 
Moreover, any electronic or software failure that may occur in the satellite after it has been placed in the orbit, may cause it to 
construct and launch again in a similar way. If you consider that satellite-based systems do not use a single satellite, the risk of 
cost, malfunction and error increases. In the proposed system, in case of any malfunction, the whole system does not collapse
and the defective part can be repaired alone.

The weakness of the proposed system compared to the satellite-based systems is that the system needs to be laid separately on all 
roads. If the system is developed on its own, it can provide direction finding or it can be combined with GPS to increase the 
accuracy rate of GPS. In the future researches combining system with a local map will be carried out. Simulating with a map 
would be more accurate and realistic.
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Abstract
The main purpose of this study was to investigate the relationship between the undrained shear strength and the Atterberg limits of 
quartz clay mixtures using the falling cone test and the Casagrande method. As a result, the penetration depth obtained from fall cone
test, which determines the liquid limit close to the value obtained by the Casagrande method, was changed by the presence or absence 
of fine grained soils. It was shown that same clay type with a much higher quartz content concluded smaller undrained shear strength 
values. The undrained shear strength value with a small amount of quartz was the lowest; increasing with the increase in fines content. 
The relationship between the undrained shear strength and the Atterberg limits for all the samples depend on three parameters: (1) 
quartz / clay (kaolinite or bentonite) mixtures ratio, (2) type of clay (plasticity; high - low plasticity), and (3) plastic limit value. 
Finally, an equation for the fall cone test used to determine the Atterberg limit of quartz clay mixtures, was proposed based on the 
undrained shear strength and initial water content.

Key Words
“Kaolinite, Bentonite, Quartz, Undrained Shear Strength, Atterberg Limits”
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1. INTRODUCTION

The fall cone test firstly was developed as a method for estimating the strength of remoulded cohesive soils. Then, it was widely 
used as a standard method for determining the liquid limit of clays in many countries. In the past, several empirical estimates have 
been made of the strength at the liquid limit.

The liquid and plastic limits, as called Atterberg limits (liquid limit, wL; plastic limit, wP), which represent the consistency 
characteristics of soils, are the important indices among the physical properties of soils. All over the world, the Casagrande cup 
and thread rolling methods have been used to determine the liquid limit and plastic limit of clay soils. On the other hand, the fall 
cone method has been used to find the liquid limit of clay soils in many countries. Also, the fall cone method is also used to calculate 
the undrained shear strength (Su) of soils. Recently, in 2004, fall cone method was provided as the ISO/TS Standards for 
determining the liquid limit and the undrained shear strength of soils. In general, the shear strength of a soil can be considered to 
have three components qualitatively: cohesion, friction, and dilatancy (Lambe, 1960). Cohesion, in general, is considered as a part 
of the shear strength that can be mobilized due to forces arising at the particle level and is independent of the effective stress 
(Lambe, 1960), and hence is regarded as a physico-chemical component of the shear strength. Yong and Warkentin (1966) feel that 
cohesion of clays is so dependent on the interaction characteristics of the clay–water system that a definitive description as to what 
constitutes cohesion becomes virtually impossible. The main objective of this paper is to show experimental verification of the 
relationship of these limits in terms of undrained shear strength by means of a fall cone method. This paper describes the reappraisal 
of the fall cone method and Casagrande cup for determining simultaneously both liquid and plastic limits of quartz-
kaolinite/bentonite mixture soils. The fall cone tests for determining the liquid limit of soils are mainly standardized. The cone type 
with mass and apex angle is 30°, 80 g cone. The former is always called ‘BS cone’ implying the British Standard type.

The fall cone apparatus includes a specimen cup, 55 mm in diameter and 40 mm in height. In BS 1377, test 2(A), the test procedure 
for determination of the liquid limit includes the following: “The re-mixed soil shall be pushed into the cup with a palette knife, 
taking care not to trap air.” This implies that the process of placing the soil in the specimen cup is influenced by individual judgment 
and is probably the most difficult step in the fall cone test. 

A total of 112 soil samples including 52 kaolinite-quartz and 60 bentonite–quartz mixtures, were tested during this investigation. 
The bentonite and kaolin samples were prepared by thoroughly mixing the powder with distilled water and curing the mixture for
at least 24 hours before testing. 52 kaolinite-quartz and 60 bentonite–quartz mixtures were tested using both the fall cone apparatus 
and the Casagrande percussion device to determine their liquid limits. The samples of 52 kaolinite-quartz and 60 bentonite–quartz 
mixtures were tested to determine their liquid limits and plastic limits from their linear log d – log w relationships. For this purpose, 
the number of fall cone tests was increased to obtain more data points with depths of penetration falling between 3 and 39 mm to 
better define the relationship for each soil.

2. RELATIONSHIP BETWEEN Su with WL& WP of QUARTZ –KAOLINITE/BENTONITE MIXTURES

Hansbo (1957) proposed the relationship between cone penetration d and undrained shear strength (Su) based on the fall cone and 
shear tests of soils as;

S = k
mg

d
 (kPa) (1)

where m is a mass of cone (gram), k is a cone factor, g is a gravity acceleration (=9.8 m2/s). k value, mainly depends on the apex 
angle of cone and in the BS cone is k=0.85 (Wood, 1985). In this paper, equation (1) is used to compute the Su of 52 kaolinite-
quartz mixtures and 60 bentonite-quartz mixtures soils. For the British cone (30°/0.785 N), the depth of penetration corresponding 
to the liquid limit is 20 mm (BS 1377). It may be noted that, using a penetration of 20 mm and k value of 1 (Wood, 1983) or 0.85 
(Wood, 1985), the undrained shear strength computed from equation (1) is 1.96 or 1.67 kPa, respectively.

Equation (1) shows that the undrained shear strength is inversely proportional to the square of the depth of penetration. Data from 
Skempton and Northey (1953) show that the undrained shear strength at the plastic limit is about 100 times that at the liquid limit. 
Thus, it can be computed from equation (1) that the cone penetration at the plastic limit is 2 mm for the British cone. The British 
fall cone apparatus (BS 1377, British Standards Institution 1990), with a 30° cone and weighing 0.785 N, and the Casagrande 
percussion device were used during this investigation.

The linear log d – log w model is expressed as follows:

log w = log c + m log d (2)
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where w is the water content, c is the water content at d=1 mm, m is the slope of the flow curve, and d is the depth of cone 
penetration. For computing the cone liquid limit (wLc), equation (3) is rewritten as;

w = c (20)  (3)

The data points and the log d – log w relationships (flow curves) of quartz- kaolinite for 52 mixtures are shown in Figure 1. The 
data points and the log d – log w flow curves obtained from quartz- bentonite for 60 mixtures are shown in Figure 2. Both the m
values and the c values of these flow curves are determined from linear regression analyses on the data points, and the corresponding 
values of the coefficient of determination (R2) range from 0.932 to 1. For kaolinite-quartz mixtures, the c constant was ranging 
from 26.681 to 4. 856 and the average value of c is 14.765. These indicate a strong linearity of the log d – log w relationship. When 
the kaolinite content increases, the constant value of c decreases. Also, the slope of the flow curve, m, was calculated 0.366 as an 
average value (Figure 1). 

The same result was shown for quartz- bentonite mixtures (Figure 2). For bentonite-quartz mixtures, the c constant was ranging 
from 50.22 to 6.20 and the average value of c is 26.629. When the kaolinite content increases, the constant value of c decreases. 
Also, the slope of the flow curve, m, was calculated 0.4011 as an average value. The results show that, bentonite- quartz mixtures 
have higher water content than kaolinite-quartz mixtures, because of the c constant and m slope of the flow curve is bigger.

Shimobe (1999; 2000) proposed the regression equation of d-Su relationship (R=0.964) based on a large number of his BS cone 
and shear test data of soils as;

S  or S =
.

.    (kPa) (4)

where Su is undrained shear strength of the undisturbed soil or remoulded soil, respectively. Similarly, Federico (1983) also
indicated this relationship of remoulded soils using the BS cone as;

 S =
.

.    (kPa) (5)

In this study, two different equations were obtained. The first equation was obtained by using Kaolinite quartz mixtures and the 
second equation was obtained bentonite quartz mixtures (Figure 3).
 

S =
25.82

d .
 (kPa) (6)

Equation 6 was obtained by using kaolinite quartz mixtures. In equation (6), the slope of the flow curve is smaller than the bentonite 
quartz mixtures. Equation 7 was obtained by using bentonite quartz mixtures (Figure 3).

S =
667.08

d
 (kPa) (7)

Figure 1: Logarithmic penetration depth versus logarithmic water content relationships for the kaolinite-quartz mixtures.
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Figure 2: Logarithmic penetration depth versus logarithmic water content relationships for the Bentonite-quartz mixtures.

Figure 3: Relationship between undrained shear strength and cone penetration of Bentonite-quartz and Kaolinite-quartz 
mixtures.

The soils used in this investigation include mixtures of commercially available bentonite/kaolinite with quartz. The soils indicate 
that bentonite is dominantly composed of montmorillonite while kaolinite is composed of kaolinitic soils. The variation of 
undrained strength of soil with water content has been known in literature (Lee 2004; Trauner et al. 2005; Hong, et al. 2006). The 
various forms of relationship of undrained strength with ratio of water content to liquid limit (Lee 2004; Berilgen et al. 2007); 
undrained strength (either Cu or Su) with liquidity index (Yilmaz 2000; Koumoto and Houlsby 2001; Berilgen et al. 2007); Cu with 
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water content (Berilgen et al. 2007); Cu with consistency index (Berilgen et al. 2007) as reported by various researchers has been 
formulated.

Casagrande (1939) proposed an average shear strength of soil at the liquid limit as 2.65 kN/m2. Norman (1958) reported that the 
shear strength at the liquid limit determined by using an apparatus conforming to the British standard ranged from 0.8 to 1.6 kN/m2

whereas using an apparatus of ASTM standards, the strength ranged from 1.1 to 2.3 kN/m2. Youssef et al. (1965) found that the 
values of shear strength of clay at the liquid limit of a large number of soils shows a mean value of 1.7 kN/m2. According to 
Federico (1983), the shear strength at the liquid limit of soils, falls within limits of 1.7 and 2.8 kN/m2. Wood (1985) showed a mean 
value of shear strength at the liquid limit as 1.7 kN/m2. Wroth and Wood (1978) adopted a mean value of 1.7 kN/m2 as the best 
estimate of undrained shear strength of a remolded soil at its liquid limit. In the present work, the liquid limit has been determined 
by the fall cone method. This study provides a mean value of 2.55 kN/m2 as the shear strength at the liquid limit. This result is also 
consistent with the literature.

From the results of Skempton and Northey (1953), Wroth and Wood (1978) assumed that the shear strength at the plastic limit is 
one hundred times the shear strength at the liquid limit. From the same results, Nagaraj et al. (1994) and Belvisco et al. (1985) 
defined plasticity index as the range of water content producing a 100-fold variation in shear strength. This 100-fold variation of 
shear strength is based only on the results obtained by Skempton and Northey (1953). This finding is then used to derive a simple 
relationship between undrained shear strength and the liquid limit and the plastic limit of soil. Undrained shear strength of soil at 
the plastic limit is 170 kN/m2.

2 values obtained from figure 1 for 52 quartz – kaolinite mixtures with using equation 1. The undrained 
shear strengths were determined for 22 clay (kaolinite/bentonite) – quartz soil samples by the fall cone test, the liquid limit of which 
varied from 24.69 to 60.79%. When water content was plotted against shear strength on a log-normal scale an exponential line for 
each soil sample was obtained. Figure 4 shows typical results for quartz – kaolinite mixtures the 52 samples tested. The relationship 
was obtained for water contents greater than the liquid limit to less than the plastic limit of the soil. 2

values obtained from figure 5 for 60 quartz – bentonite mixtures with using equation 1. The exponential behavior between undrained 
shear strength and water content was also observed for data of quartz–bentonite mixtures. The result is shown in Figure 5 and Table 
2.

The undrained shear strength-water content relationship has been found to be exponential in a log-normal plot. This relationship 
has been found to be valid for a range of water contents beginning from lower than the plastic limit to much greater than the liquid 
limit for a wide variety of soils with liquid limits ranging from 24 to 61%. This linearity in relationship has been used for formulation 
of an expression that gives the undrained shear strength of a quartz clay mixtures at any water content based solely on its plastic 
and liquid limits. Undrained shear strength results at different water contents obtained from fall cone tests are also incorporated in 
Figures 4 and 5. Figures 4 and 5 show good agreement of the Su with those of water content. This example is typical of all such 
results obtained.

Table 1. Kaolinite quartz mixtures calculations

Test Sample Kaolinite (%) Quartz (%) A R2

1 100 0 2E+12 -6.803 0.937

2 90 10 2E+12 -7.005 0.999

3 80 20 1E+10 -5.974 0.950

4 70 30 6E+10 -6.265 0.999

5 60 40 2E+7 -4.467 0.952

6 50 50 4E+8 -5.342 0.944

7 40 60 2E+9 -5.76 0.977

8 30 70 4.89E+5 -3.652 0.92

9 20 80 1E+8 -5.256 0.935

10 10 90 9.82E+4 -3.183 0.866

11 0 100 7E+10 -6.898 0.996
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Figure 4: Relationship between undrained shear strength results as obtained from fall cone test and water content for quartz -
kaolinite mixtures

Table 2. Bentonite quartz mixtures calculations

Test Sample Bentonite (%) Quartz (%) A R2

1 100 0 9E+12 -5.921 0.967

2 90 10 2E+9 -4.37 0.995

3 80 20 1E+13 -6.177 0.977

4 70 30 9E+9 -4.821 0.996

5 60 40 2E+9 -4.599 0.995

6 50 50 7E+7 -4.029 0.994

7 40 60 4E+7 -4.032 0.987

8 30 70 2E+9 -5.194 0.993

9 20 80 4E+11 -6.831 0.962

10 10 90 3E+10 -6.49 0.985

11 0 100 283395 3.499 0.936

Su 100%Quartz= 7E+10 w-6.898

R² = 0.9962

Su 10%Kaolinite= 98222 w-3.183

R² = 0.8666 Su 20% Kaolinite = 1E+08 w-5.256

R² = 0.9351

Su30%Kaolinite= 489248 w-3.652

R² = 0.9201
Su40%Kaolinite = 2E+09 w-5.76

R² = 0.9776

Su50%Kaolinite= 4E+08 w-5.342

R² = 0.9437

Su60%Kaolinite= 2E+07w4.467

R² = 0.9521

Su70%Kaolinite = 6E+10w-6.265

R² = 0.9988

Su80%Kaolinite = 1E+10w-5.974

R² = 0.9501
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R² = 0.9991
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Figure 5: Relationship between undrained shear strength results as obtained from fall cone test and water content for quartz -
bentonite mixtures

According to figure 4 and 5, the relationship between water content w (abscissa) and undrained shear strength Su (ordinate) is 
given in terms of a power trend line function transformed to w-log (Su) graph plot as;

= (8)

respectively. The A constant value 
ranging from 28.3395 with 2E+ -3.183 with -7.005. Regression analysis of the results comparing 
undrained shear strength and water content is shown in figure 4 and 5. As seen in Table 1 and 2; a good correlation is indicated 
(R2>0.94).

The undrained shear strengths at both liquid and plastic limits in Casagrande and fall cone methods are shown in figure 6.
Furthermore, these values indicated by the previous researchers also are presented together in this figure. As a result, the undrained 
shear strength at liquid limit (Su)WL is approximately 2.55 kPa irrespective of the difference of test methods and liquid limit values 
(Figure 6). However, though the undrained shear strength at plastic limit (Su)PL has a wide range in comparison with liquid limit 
[(Su)PL=71-460 kPa], as its recommended value, (Su)PL =170.52 kPa proposed by researchers seems to explain the measured values 
on average. While figure 6 indicates a general trend which clearly will be useful for some workers where the Atterberg limits are 
available, the liquid and plastic limits are a physical property while the undrained shear strength is a mechanical property of the 
soils and hence empirical methods to obtain the shear strength should always be treated with caution.

Su %100Quartz = 283395w3.499
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It can be observed that the undrained shear strength values at liquid limit water content is quite variable and are both test dependent 
and on the soil type. The variation of the shear strength with soil type being important from as low as 0.8 kPa to as high as 10 kPa. 
Many of the researchers (Wroth and Wood, (1978), Stone and Phan (1995)) developed an instrumented cone penetrometer to 
establish the moisture content of soil with strength 100 times that of the liquid limit which could be defined as the plastic limit. 
But the method has not got universal acceptance. In this study, we found that undrained shear strength ratio at plastic limit to liquid 
limit is nearly 80.

In this study, plot of ratio of undrained shear strength at plastic limit to liquid limit versus liquid limit by both Casagrande’s method 
and Fallcone method are presented in Figure 7. From this figure, it can be seen that the undrained shear strength ratio at plastic 
limit to that of liquid limit is quite variable, being as low as 13 to as high as 360. It can also be observed that the strength ratio has 
an increasing trend with the liquid limit.

Figure 6: Undrained shear strengths at liquid and plastic limits in Casagrande and Fall cone methods results as obtained for 
quartz – (kaolinite /bentonite) mixtures

Figure 7: Undrained shear strengths ratio at plastic limit to liquid limit versus liquid limit Casagrande and Fall cone methods 
results as obtained for quartz – (kaolinite /bentonite) mixtures
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Figure 8 is a plot of the same strength ratio versus plastic limit, which is observed to have a decreasing trend with the plastic limit. 
From Figures. 7 and 8, it is further evident that undrained strength is having a functional dependency of water content. To further 
verify this fact, the strength ratio is plotted versus the ratio of liquid limit to plastic limit, as shown in Figure 9. From these figure 
the strength ratio is found to increase with the ratio of liquid limit to plastic limit. The correlation of strength ratio is better with 
the ratio of liquid limit to plastic limit. With the above discussion, it can be understood that shear strength is not unique both at 
liquid limit and plastic limit. It was seen that though the value of undrained shear strength at the liquid limit water content is less, 
the variation was observed to be nearly sixty-seven times and that at plastic limit to be as high as eighteen times. The ratio of 
undrained strength at plastic limit to liquid limit could vary significantly.

Figure 8: Undrained shear strengths ratio at plastic limit to liquid limit versus plastic limit Casagrande and Fall cone methods 
results as obtained for quartz – (kaolinite /bentonite) mixtures 

Figure 9: Undrained shear strengths ratio at plastic limit to liquid limit versus ratio of liquid limit to plastic limit Casagrande and
Fall cone methods results as obtained for quartz – (kaolinite/bentonite) mixtures 

0

50

100

150

200

250

300

350

400

0 20 40 60 80 100 120 140 160 180 200
Plastic Limit, WP (%)

Kaolinite_quartz mixtures_Fallcone
Kaolinite_quartz mixtures_Casagrande
Bentonite_quartz mixtures_Fallcone
Bentonite_quartz mixtures_Casagrande

(Su)WP /(Su)WL=100

0

50

100

150

200

250

300

350

400

0 1 2 3 4 5 6 7 8 9 10

Rate of Liquid Limit / Plastic Limit,  WL/WP(%)

Kaolinite_quartz mixtures_Fallcone

Kaolinite_quartz mixtures_Casagrande

Bentonite_quartz mixtures_Fallcone

Bentonite_quartz mixtures_Casagrande

(Su)WP /(Su)WL=100



International Journal of Research and Development, Vol.10, No.3, December 2018, Special Issue 

101 

3. CONCLUSIONS

The fall cone method can be used for determination of the liquid limit of the sand clay mixtures. It would be useful if the plastic 
limit could also be determined using the fall cone apparatus. The log d–log w relationships of 22 sand clay mixtures, with 
penetration depths ranging from 3 to 39 mm and percussion liquid limits ranging from 26 to 180%, are nearly linear, as determined 
from regression analysis. It is concluded that the fall cone method provides an alternative for a simple approach to determine both 
the liquid limit and the plastic limit. In addition, the fall cone test can also be used to determine the undrained shear strength of 
soils in terms of the cone penetration.

From the analysis of literature, undrained shear strength at the liquid limit has been found to have an average value of around 2.55 
kN/m2. The assumption Wroth and Wood (1978) that shear strength at the plastic limit can be taken as 100 times that at the liquid 
limit (170.5 kN/m2) has not been experimentally verified and found to be valid. In this study shear strength at the plastic limit can 
be taken as nearly 80 times that at the liquid limit. The undrained shear strength-water content relationship has been found to be 
linear in a log-log plot. This relationship has been found to be valid for a range of water contents beginning from lower than the 
plastic limit to much greater than the liquid limit for a wide variety of quartz clay mixtures with liquid limits ranging from 24 to 
61%. This exponential relationship has been used for formulation of an expression that gives the undrained shear strength of a 
quartz clay mixtures at any water content based solely on its plastic and liquid limits. It is concluded that that soils cannot have a 
unique value of strength at different values of water contents.
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