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1. Introduction
The current electricity system is the greatest 
engineering achievement of the 20th century but it 
does not supply the demands anymore. Nowadays 
with developing technology and growing population, 
electricity demand has greater increase and existing 
power system is under pressure to deliver the growing 
demand while providing a stable and sustainable 
supply of electricity. Additionally, most of the countries 
are focusing on reducing carbon dioxide emissions, so 
utilization of renewable energy sources in the power 
system is increasing gradually.  On the other hand, 
our fossil sources which are our main energy source 
will be ended in 50 or 100 years according to different 
references. To cope with all these complexity and 
difficulties, intelligent power network concept that is 
called as smart grid has appeared. 

What is a “Smart Grid” or “Intelligent Grid”? 
Intelligence can be defined as the talent to learn or 
understand or to deal with new circumstances or the 
ability to apply knowledge to control the environment. 
The analogy to smart grid is that knowledge gathering 
and communication between the systems are critical to 
achieve good performance against diverse grid states. 

There are many definitions of smart grid. Most of 
the definitions mention the use of digital technology 
to achieve an economic and secure energy supply. 
So, smart grid will be capable of arranging optimal 
use of large and flexible renewable power sources, 
deciding operation of power plant for better economic 
dispatch, and increasing power quality by control of 
voltage fluctuations, voltage, and current distortion. 
To be able to do that, every node in the power system 
should be awake, responsive, adaptive, smart pricing, 
ecologically sensitive, real time, and interconnected 
with everything else [1].

After smart grid concept has appeared, to make easier 
the transition from traditional grid to smart grid, the 
concept of microgrid was started as a solution for the 
reliable integration of distributed energy resources, 
including energy storage systems, power electronic 
converters, controllable loads, and monitoring and 
protection devices. So, to deliver smart grid challenges, 
the future of the smart grid depends on increase in 
number of microgrids. The objective of this paper is to 
provide an introduction to smart grid with a focus on 
main parts with used technologies and researches. This 
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paper is organized as follows: Second section presents 
general information about components which are used 
in smart grid. Then, standards of smart grid are given 
in third section. After that, fourth section describes 
microgrid structure and fifth section explains research 
and development studies and projects about smart grid. 
Finally, a conclusion is presented in sixth section. 

2. Smart Grid Components
A number of components and technologies have to be 
developed to transfer traditional power grid to smart grid. 
These are distributed energy resources, energy storage, 
power electronics, management (control, automation, 
monitoring, and protection), and communication. They 
are also main parts of the smart grid and given in Figure 
1. In this section, these features have been explained.

Figure 1. Fundamental smart grid ingredients

2.1. Distributed Energy Resources
Distributed energy resources (DER) is an alternative 
power system application and they can be defined as 
small rated (typically 15 MW or less per unit) renewable 
or conventional energy sources which are generally 
decentralized and located in close to customers in the 
distribution grid. DER systems use renewable energy 
sources, including solar, wind, geothermal, fuel cell, 
biomass, biogas and conventional sources, including 
coal, natural gas, nuclear powered plants. DER systems 
are briefly shown in Figure 2 [2, 3, and 4]. 

DER systems have some advantages, such as 
modularity (short time for installation), reduction of 
transmission losses, reducing the load on the local 
distribution system with feeding back into the utility 
with over produced electricity, high reliability, and 

environmentally friendly with low and zero emissions. 
Despite these advantages, major drawbacks of DER 
systems are uncertainties in performance for renewable 
energy sources, high cost, inadequate standards and 
knowledge in operation, control problem about peak 
reduction [2, 3].

DER can also be grouped based on their dispatch 
ability. Having dispatch ability sources (diesel 
generators) can be fully controlled but other sources 
cannot be controlled and they are operated to obtain 
the maximum power. Renewable DER is intermittent 
sources and their output is not controllable. In order 
to successfully integrate renewable distributed energy 
resources, DER systems must operate in connection 
with power electronic circuits according to their 
types. As an example, solar panels, energy storage 
technologies, and fuel cells generates DC voltage and 
they require the use of DC to AC conversion stage 
to obtain suitable and stable AC voltage to connect 
these sources to the electrical grid. On the other hand, 
hydro and wind systems generate variable AC voltage. 
Therefore, grid connection of these sources can be 
achieved by converting stable AC voltage with AC to 
AC power electronic converters [4].

2.2. Energy Storage
Energy storage is seen as a main element in the future 
energy supply chain. The use of energy storage systems 
allows the power grid to store power at a low rate per 
megawatt hour and inject power back into the grid. 
Stored energy enters to the system at three different 
times. These are stabilization to enable a constant 
and stable output, the renewable energy sources, such 
as solar and wind, capacity fall under demand, and 
ensuring economic dispatch when generator production 
prices are higher. 

It is not possible to store electric energy directly in 
high quantities, so electric energy must be converted to 
storable forms such as mechanical or electrochemical 
energy. Hence, the storing of energy close to the 
produced energy can be possible with energy storage 
devices. Mostly used energy storage devices are 
capacitors, flywheels, battery energy storage systems 
(BESS), compressed air energy storage (CAES), and 
pumped hydro storage (PHS). These devices can supply 
power back into the grid at changing durations, minutes 
to hours or days according to their storing capacity. All 
these energy storage systems have some advantages 
and disadvantages. CAES and PHS provide the greatest 
energy storage density but they need high capital cost 



1049INTERNATIONAL JOURNAL OF ELECTRONICS, MECHANICAL AND MECHATRONICS ENGINEERING Vol.6 Num.1 - 2016 (1047-1055)

Nezihe YILDIRAN, M. Emin TACER

and huge settling place. On the other hand, flywheels 
are small and expensive for high power applications. 
Furthermore, BESS has gained an important place 
in energy storage because of its capital investment, 
operation cost, and fast response time [5].  

Energy storage systems are used for dynamic 
stability, transient stability, voltage support, frequency 
regulation, and load leveling. Especially, load leveling 
has taken a great interest at some peak hours due to 
increase in population, commerce, and industry. Load 
leveling, also referred to as peak load shaving or peak 
shifting, used to eliminate the peaks and valleys at 
the grid side. This procedure brings direct or indirect 
advantages to utilities, such as decreasing costs savings 
to utilities and customers, reducing line losses, and 
voltage support to the grid [5]. 

Research in energy storage is being subsidized by 
governments. Main research topics are about evaluating 
energy storage technologies and trying to find new 
energy storage methods. 

2.3. Power Electronics
In smart grid infrastructure, the number of renewable 
energy sources is increasing. In particular, many of 
the renewable energy sources, such as solar and wind, 
generate variable and unsuitable AC voltage. Hence, 
the major part of the connection between renewable 
energy sources and the grid is the conversion stage. 

As a result of that, the need for power electronic 
converters is increasing. Power electronic converters 
must supply bidirectional power flow, electromagnetic 
interference, high efficiency, measuring and controlling 
power flows with smart meters and communication, 
and synchronization features. Classification of 
power electronic converters transformation for major 
distributed energy sources is given in Figure 3 [2]. In 
Figure 4, as an example of detailed connection, block 
diagram of the solar array connection to the grid is 
shown. Many of renewables and distributed generation 
such as photovoltaic, wind, fuel cells, compressed air, 
and energy storage interface to the grid through DC-AC 
inverters. Three phase grid connected DC-AC inverter 
block diagram is given in Figure 2. 

Figure 3. Power electronic transformation 
for major sources

Figure 2. Distributed energy resources



                                         

1050

The Future’s Power System: Smart Grid

Figure 4. Block diagram of the photovoltaic system

Generally, three phase two level voltage source 
sinusoidal inverters, DC-DC buck or boost converters, 
and rectifiers are used as power electronic converters 
for this conversion [6, 7]. Inverters are vital for many 
renewables to convert their output into an AC voltage 
to be interfaced with either a load or the grid and the 
schematic of three phase grid connected inverter is given 
in Figure 5. Power quality problems in the grids are 
magnitude of the supply voltage, voltage fluctuations, 
voltage and current distortion, voltage dips, and short 
supply interruptions [7]. Accordingly, inverters have 
to contribute to keep the power quality conditions. 
Ongoing research activities on inverters are improved 
circuit topologies, improved system communication, 
grid stability, synchronization at different loads 
and variable grid conditions, and customer friendly 
products [6]. 

Figure 5. Three phase grid connected DC-AC inverter

Hereby, the variety of system topologies and large 
numbers of power electronic devices complicate to 
build a test bed or pilot plant with real equipment for 
smart grid projects. Therefore, simulation becomes a 
powerful and important element in researches. 

2.4. Simulation
Modeling and simulation is commonly used for 
analyzing the behavior of complex systems without 
having to make huge investments and put at risk 

the reliability of the real power grid since the mid-
twentieth century. The improvement in simulation 
programs has progressed with the evolution of 
computing technologies. In smart grid, it is unsafely, 
difficult to change and repeat tests, and expensive to 
set up a test bed or pilot plant with real components 
for research and development, because of the variety 
of system components and complex power electronic 
circuit topologies [8, 9, and 10]. 

Figure 6. Studying with a system

Studying and testing the actual smart grid system 
is limited because the elements in the smart grid 
infrastructure are not in place today on a large scale. 
Therefore, smart grid model have to be used for testing. 
To realize a physical model at this stage may be a small 
scale laboratory test bed and it can be still unadvisable 
because of safety reasons. Thus, smart grid model, 
mathematical model, and simulation parts have to be 
done respectively to obtain a model that is close to 
real system. The chart of studying a complex system is 
given in Figure 6 [8].

Nearly 15-20 years ago, to get rid of the complexity 
and long period simulations of traditional off-line 
simulators, real time simulators for power system 
integrated with power electronics components have 
been used. Real time simulators can run a large and 
complex power system model at the physical time. 
Several network simulation toolsets are currently 
available such as NS2, Exata, and OPNET [9]. NS2 
is an open source network simulation package while 
Exata and OPNET are commercial. For the simulation, 
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discrete time and constant step duration is used. 
Variable time step technique is not proper for real time 
simulation. At each time step, the simulator executes 
respectively that: reading inputs and generating outputs, 
solving model equations, exchanging results with other 
simulation nodes, and waiting for the next step. 

In addition to the real time simulator, Hardware in the 
Loop (HIL) application can be used to test prototype 
of a part or the entire system before implementing 
the actual system [9]. Thus, real time HIL simulation 
platform works to combine physical system with 
management and communication parts [9, 11]. 

2.5. Management
Smart grid will require advanced sensing and control 
technologies due to its complexity and nonlinear dy-
namic network infrastructure. Management defines 
monitoring, controlling, automation, and protection 
functions located out on the feeder. Most important 
features are protection and switching. Management 
devices can interrupt fault current, monitor voltages 
and currents, communicate other systems, and sponta-
neously reconfigure the system to rearrange customers 
and achieve system features [13].

One example of the management studies in the litera-
ture is watching energy consumption in the system and 
if the consumption amount is higher than the desired 
demand value, system can disconnect loads according 
to their priority until the system be normal [13, 14]. 
For this reason, smart grid needs real time energy in-

formation about the power system to enable its capabil-
ities. Through advanced metering infrastructure (AMI), 
accommodating higher penetration and cost effective 
integration of renewable energy generation is possible 
with demand response and distributed storage at all 
customer service locations. 

In the smart network system, information from smart 
metering devices in the distribution system is collect-
ed by an energy management system (EMS). EMS can 
respectively measure, collect, store, analyze, manage, 
monitor and control the instantaneous information 
about the entire system in real time [3]. The aim of the 
EMS is to send control commands to devices in order 
to achieve energy efficiency, and the power electronic 
devices respond to this control commands quickly and 
rightly to satisfy the high efficiency. Also, EMS pro-
vides utilities information about the condition of dis-
tributed energy sources and other system components, 
remotely connect and disconnect services, support time 
duration, and monitor and record grid information with 
two way communication system. Management system 
satisfies communication between utilities and metering 
devices via wired or wireless connection.

2.6. Communication
Smart grid topology, by contrast traditional power grid, 
has many active devices and allows the integration of 
lots of different power sources. Due to this complexity, 
it is hard to predict and control system behavior. In 
addition to that, all control and protection strategies 
rely on a large number of measurement values that 

Table 2. IEC Smart Grid Core Standards

Technology Data Rate Applications Limitations

GSM 14.4 Kpbs AMI and energy 
management

Low processing 
capabilities, small 
memory size, small delay 
requirements.

GPRS 170 Kpbs AMI and energy 
management Low data rates

PLC 2-3 Mpbs AMI, monitoring, and 
control in urban areas Harsh, noisy environment

3G 2 Mpbs AMI and energy 
management Costly spectrum fees

WiMAX 75 Mpbs AMI and energy 
management Not widespread

ZigBee 250 Kpbs AMI, smart lighting, home 
automation Low data rates, short range
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are obtained from the various actors in the power grid. 
Therefore, communication is critical and important 
stage to rightly coordinate the operation of power grid. 
The problem of to become widespread of smart grid 
is reliability. A system which is 99.9% reliable and 
0.1% unreliable means that the system is unreliable. 
Therefore, communication is important and reliable 
and bidirectional communication technologies such as 
wired and wireless can be used for data transmission 
between utilities and metering devices. Wireless 
communications have low cost infrastructure and 
provide easy connection for unreachable areas. On 
the other hand, wired communications do not have 
interference problems and their operation is not 
dependent on supplies of the communication, as 
batteries. Communication technologies and their 
features are given in Table 1 [15, 16]. 

3. STANDARDS
Smart grid contains lots of devices and it needs standards 
to work safely together. International Electro-technical 
Commission (IEC) is the most trusted international 
electrical standards development organization and they 
have identified many standards as relevant to smart 
grid. Core standards are given in Table 2 [17].

IEC 61970 and IEC 61968 (CIM) are the important 
standards which are widely used in the smart grid. The 
idea in the CIM is to provide a common information 
model to support the information exchange between 
different EMS to prevent reliability. IEC 61850 is 
the other important core standard in the future smart 
grid. It is used in power system automation to achieve 
interoperability between intelligent electronic devices.

4. SMART GRID APPLICATION: MICRO-
GRID
Microgrid system is modern, localized, and small scale 
grids. The development of microgrid gains popularity 

as a necessity for the integration of renewable energy 
sources in the remote areas and it is also very important 
for the realization of the smart grid [4]. In the microgrid 
architecture, the electrical system is connected to the 
distribution system with a static transfer switch or 
circuit breaker at point of common coupling (PCC). 
Each feeder and load in the system has circuit breaker. 

The microgrid can be operated in two different modes: 
grid connected or islanded mode. In grid connected 
mode, microgrid system connected in parallel with grid 
and the control aim in this mode is to achieve power 
flow regulation by the power control of distributed 
generation inverters. In islanded mode, microgrid 
system operates alone like an autonomous system and 
the control aim in this mode is to maintain the voltage 
amplitude and frequency of the microgrid system 
within the limit levels while achieving reasonable 
power sharing with taking into account sources and 
loads. In all conditions, the microgrid must have the 
ability to operate stable and autonomously. Microgrid 
researches study on the stability performance of the 
system during the transition from grid connected mode 
to islanding mode or vice versa with different control 
topologies and compare the results. 

In the literature, recent researches examine the 
microgrid with different resources (photovoltaic, wind, 
fuel cell, battery, or conventional sources) and load 
types (critical or non-critical, resistive or inductive) [4, 
9-11, and 18-21]. Block diagram of the one example 
application in the literature is given in Figure 7. The 
example system consists of a Local Energy Storage 
(LES) device (8.3 kW), a photovoltaic plant (5.3 kW), a 
wind turbine system (10 kW), and 4 different loads that 
is totally 25 kW. Transition time from grid connected to 
islanding and stability after load shedding is examined 
[9]. 
Microgrid has gained importance for the reliable 

Table 2: EC Smart Grid Core Standards

IEC Standard Number Definition
IEC 61508 Functional safety of electrical/electronic/programmable electronic safety 

related systems
IEC 61850 Power utility automation
IEC 61968 Common information model (CIM) – Distribution management
IEC 61970 Common information model (CIM) – Energy management
IEC 62056 Data exchange for meter reading, tariff, and load control
IEC 62351 Security
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integration of distributed energy resources, including 
energy storage systems, power electronic converters, 
controllable loads, monitoring and protection devices, 
and providing islanding operation during outages. 
Accordingly, microgrid applications focus on 
comparing the stability performance of the microgrid 
system during the transition from grid connected mode 
to islanding mode or vice versa with different control 
topologies. 

There are some important assumptions in microgrid 
[22]:
• Uninterruptible islanding operation is desired for 

power quality.
• Mostly inverter based resources are used in 

microgrids.
• Energy storage is required for transients and load 

changes.
• Peak shaving, load shedding, and integration of 

renewable energy resources are main objectives of 
microgrid. 

5. RESEARCHES AND PROJECTS
Mostly ongoing research activities for Smart Grid 
are cost effectiveness, reliability, and flexibility in 
generation, and taking into account customer choice 
systems. 

Smart grid current research and development study 
topics are [12]:
• Self-healing: to be able to protecting stability by 

fixing system alone after any fault
• High reliability, flexibility and power quality
• Improving communication, resistant to cyber 

attacks
• Integration of a wide variety of distributed 

generation, plug-in vehicles, and storage systems
• Minimizes operations and maintenance experiences
• Intelligent load management: peak load shaving, 

load leveling, peak shifting with storage systems 
[5]

• Customer choice systems and cost effectiveness.

Furthermore, the microgrid projects aim that 
investigation, developing, and demonstration of 
microgrid infrastructure to determine operation, 
control, safety, and communication. 

Figure 7. Block diagram of microgrid [10]
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There are already many projects to demonstrate and 
test a part of smart grid. Major projects are listed below 
[12].

EPRI IntelliGrid: Project is created by the Electric 
Power Research Institute (EPRI) in 2001. IntelliGrid 
project creates a roadmap to the next generation 
power system, with advanced metering, distribution 
automation, and demand response that can more 
reliably, efficiently, and securely manage the supply 
and delivery of energy needs of future. IntelliGrid 
architecture has the goal of creating a self-healing power 
system capable of handling emergency situations, 
while able to accommodate current and future utility 
business environments, market requirements, and 
customer needs. Southern California Edison, Long 
Island Power Authority, Salt River Project, and TXU 
Electric Delivery have applied IntelliGrid architecture. 
Modern Grid Initiative: This project is collaboration 
between the U.S. Department of Energy’s (DOE) the 
Office of Electricity Delivery and Energy Reliability 
(OE) and the National Energy Technology Laboratory 
(NETL) with utilities, customers, and researchers. The 
aim of this project is modernizing the U.S. electrical 
grid. In order to do that, DOE funds demonstration 
projects which developing information technology and 
move the grid through modernization. 

GridWorks: It is a DOE OE new program to improve 
the reliability of the electric system through the 
modernization of key grid components such as cables 
and conductors, substations and protection systems, 
and power electronics. 

California Energy Commission Public Interest Energy 
Research Program: This program has the Energy 
Systems Integration subprogram to examine the 
integration of distributed energy sources, evaluation of 
distribution automation, demand response of distributed 
generation. 

Europe 5th Framework Program: It was a consortium 
with National Technical University of Athens (NTUA) 
and 14 partners from 7 countries, including utilities, 
manufacturers, research institutions, and universities. 
The aim of the project was integration of renewable 
energy sources, microgrid islanding operation, and 
microgrid control methods. Two demonstrations 
(Kythnos Island, Greece and Continuon holiday camp, 
Netherlands) have been done to test the microgrid 
operation.

6. CONCLUSION
In this paper, the important points of smart grid application 
are explained. Smart grid can be viewed as a digital 
upgrade of the existing power system infrastructure. 
Smart grid operation will demand intelligent systems, 
including computational intelligence. These systems 
will be expensive but its value will be large. Clearly, 
a combination of power electronics, management 
strategies, and communication will play a key role 
for new developments and realization of future smart 
grid. For smart grid researches, power electronics, 
management studies, and communication technologies 
will be important subjects in the future. 

In parallel with Turkey’s 2023 goal about energy, 
Turkey’s energy needs can be met by developing 
the necessary power electronic converter circuits 
which satisfy the new grid features, for integration of 
distributed energy resources. 
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1. Introduction  
Rainfall in dry areas is generally insufficient 
to meet the basic needs for agricultural 
production. Since it is poorly distributed over 
the growing season and often comes in intense 
bursts, it usually cannot support economic 
farming. In Southeastern Turkey, the annual 
rainfall is generally less than 350-400 mm and 
occurs mostly in disordered, unpredictable 
storms. Turkey is located in a semi-arid 
region, where the average annual rainfall is 
643 mm. The significant differences between 
regions that are observed worldwide in terms 

of the amount and distribution of precipitation 
have also been observed in our country. Some 
regions record up to 3000 mm rainfall, while 
others do not exceed 250 mm. Therefore, 
especially during periods of crop cultivation, 
plants do not provide enough water for their 
vegetal grow in terms of the desired amount 
of water. Because of these environmental 
changes, the development of our country’s 
water resources, the planning of scientific 
and technical approaches to preserve the 
environment for today and the future, continue 
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to gain greater importance and value. In the 
case of existing water, an estimated two-thirds 
of the world’s population will face a shortage 
of water by the 2025s (Çakmak et al., 1999). 
Droughts, a natural phenomenon during which 
rainfall is less than the average for many years 
can occur at any place and at any time. While 
it is extremely difficult to predict the duration 
and time of the effects of drought, the degree 
to which human activities influence these 
environmental factors is closely observed. 
The  main reason for this is the fact that since 
droughts affect practically all sectors of the 
economy, it does so in such a variety of ways  
that each sector establishes its own criteria for 
identifying and characterizing each drought 
event; thereby,  having virtually its own 
concept of drought (Tsakiris et al., 2013)
The amount of greenhouse gases released into 
the atmosphere after the industrial revolution, 
which has increased worldwide, has created an 
artificial climate change. Globally, the average 
temperature of the earth and water bodies have 
been increasing since 1861 (IPCC 2001). The 
climate, for millions of years, has been unstable 
and variable; the climate’s high variability is 
just not possible to predict with accuracy. This 
variability will continue to increase due to 
the accumulation of atmospheric greenhouse 
gases, which strengthen the greenhouse effect 
and global warming. After the 1980s and 
1990s, these effects were more pronounced, 
and reached their highest values. Global 
warming is likely to occur in conjunction 
with agricultural drought. Consequently, a 
decrease in agricultural production as a result 
of agricultural drought, economic losses, the 
disruption of ecological balance, and human 
life, will inevitably be affected. To reduce 
the negative impacts of agricultural drought, 
measurements of drought and drought periods 
need to be taken during the prior periods of 
planning for sowing.   

Turkey, as a result of global warming, along 
with other high risk countries, is expected to 
remain under the influence of a warmer more 
arid climate zone. Therefore, as a direct cause 
of global warming, forest fires, drought and 
desertification, and ecological degradation, 
will affect our water resources in particular, as 
well as our other natural resources. Drought is 
related to the climatic variability and deficient 
precipitation in a region.

Hanel et al., (2013) studied the development 
of referenced climate change scenarios. 
Recently, research projects represented 
the “likely” climate change scenario and 
its uncertainty as a framework for a very 
basic climate change assessment in the 
water management and irrigated agriculture 
planning. Many studies have reviewed  the 
water resources management and agriculture 
cultivation under changing climate (Xu and 
Sing 2004; Graham et al., 2007; Terink et 
al., 2010; Sunyer et al., 2010; Samadi et al., 
2013). According to climate change scenarios 
and future expectations of these scenarios, the 
increasing warming of the atmosphere and 
consequently the increase in evaporation will 
lead to a precipitation decrease in snow and 
rainfall precipitation according to the seasons 
and the amount of water available for use 
around the world as the current distribution 
deteriorates, and is expected to have a 
negative effect on agricultural production. 
Therefore, a combination of drought and flood 
assessments should be considered, according 
to climate events. Rainfall characteristics such 
as frequency, duration, and intensity, are more 
relevant in regard to the better results of water 
harvesting technologies than the total amount 
of rainfall.  In semi-arid zones especially, the 
variability of rainfall or the inter and intra-
annual variation is very high. The minimum 
requirements for the frequency distribution of 
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heavy rainfall are very difficult to establish, 
and depend strongly on other factors such 
as the length of the dry spells between such 
rainfalls. Of critical importance to water 
harvesting is the duration and intensity of 
rainfall because a runoff only occurs when 
certain thresholds are exceeded. Either the 
rainfall intensity should exceed the infiltration 
rate, or the rainfall intensity and duration 
should exceed the storage capacity of the soil. 
Due to high agricultural expansion, the best 
land available for agricultural production has 
reduced.   A consequence of the increasing 
population density is the increasing demand 
for land resources such as food, fuel and 
shelter. There is a need for the exploitation 
of land that is less suitable for agriculture, 
or land in less favorable climates. Arid and 
semi-arid regions should be explored as a 
way of minimizing land scarcity (Hudson, 
1987). There is a need for a more efficient 
method of capture and use of the scarce 
water resources in arid and semi-arid areas. 
An optimization of rainfall management, 
through water harvesting in sustainable and 
integrated production systems, can contribute 
to improvements in small production. 

2. Climate change and drought
Agricultural drought is closely related to soil 
moisture, which plays an important role in 
its definition. Conventionally, drought may 
be treated as a meteorological, hydrological, 
or agricultural phenomenon. In each of these 
expressions the variable representing “water 
availability” and the selected thresholds 
related to water availability are different 
(Tsakiris, 2013).

2.1. Drought 
A natural event that is a result of rainfall falling 
significantly below the normal values   of 
land and water resources, and a hydrological 

balance disorder that causes negative effects 
(Fig.1). 

Figure 1. Drought on the soil

2.2. Meteorological drought 
Drought is defined on the basis of the duration 
and degree of drought. Precipitation, humidity, 
evapotranspiration, and temperature, as well as 
climate data, the high, low, or average values,   
are determined by component of drought.

2.3. Hydrological drought 
Aquifer (ISS), available water sources such 
as lakes, streamflow, recharge of aquifers and 
capacity of reservoirs, fall below the statistical 
average. Even in these circumstances, as 
the use of water in times of average rainfall 
increases, the reserves may be low.

2.4. Agricultural drought 
The soil can be described by the lack of 
water in it to meet the needs of plants. When 
there is a meteorological drought, there is an 
agricultural drought in the cultivation area; 
these forms of drought appear together (Fig.2).
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Figure 2. Agricultural drought

2.5. Socioeconomic drought 
This definition is used when meteorological, 
hydrological and agricultural drought 
coincides, and some of the elements of supply 
and demand of goods produce an economic 
effect. When it affects the lives of people 
and their socio-economic conditions, water 
shortage is mentioned as socioeconomic 
drought (Fig.3). This socio-economic drought 
was studied by (Grigg and Vlachos, 1989; 
Mishra and Singh, 2010).

Figure 3. Sosyo-economic drought

3. Agricultural production in arid areas
Climate is one of the main determinants 
of agricultural production. Throughout the 
world there is significant concern about the 
effects of climate change and its variability 
on agricultural production. Researchers 
and administrators are concerned with the 
potential damages and benefits that may arise 
in the future from climate change impacting  
on agriculture, since these will affect 
domestic and international policies, trading 
patterns, resource use, and food security. A 
Climate change is any change in climate over 
time that is attributed directly or indirectly to 
human activity that alters the composition of 
the global atmosphere in addition to natural 
climate variability observed over comparable 
time periods (IPCC, 2007). Since climatic 
factors serve as direct inputs to agriculture, 
any change in climatic factors is bound to 
have a significant impact on crop yields and 
production. Studies have shown a significant 
effect of change in climatic factors on the 
average crop yield (Dinar et al., 1998; Seo & 
Mendelsohn, 2008; Cline, 2007).
      
As mentioned earlier, vegetation-agricultural 
drought is directly related to the deficiency 
of soil water which, in rain-fed agriculture, 
causes a loss in yield and a corresponding 
reduction of revenue. For rain-fed agriculture 
less effective precipitation means lesser crop 
yields, and therefore revenue loss (Tsakiris, 
2013). Apart from the deficient effective 
precipitation during a period of drought, an 
important issue is the determination of the 
“normal” crop production, which cannot be 
attained due to drought. It is important to note 
that there are several factors which directly or 
indirectly influence the effect of drought on 
vegetation growth or agricultural production 
(Tsakiris, 2013). 
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Many studies in the past have shown that 
India is likely to witness one of the highest 
agricultural productivity losses in the world 
in accordance with the climate change pattern 
observed, and scenarios projected. Climate 
change projections calculated up to 2100 
indicate an overall increase in temperature 
by 2-40 0C with no substantial change in 
precipitation quantity. Within agriculture, 
it is the rain-fed sector that will be most 
affected by climate change. Temperature is an 
important weather parameter that will affect 
the productivity of rain-fed crops. The climate 
is being modified at an accelerated rate due to 
the mushrooming of industries and high cattle 
population, along with the exploding human 
population. In order to meet the demand of the 
growing population, natural resources such 
as forests are also being exploited at a faster 
rate. In spite of the rising demand for food and 
fodder, the climate change will further worsen 
the condition by reducing the yield of dry land 
crops (Fig.4).

Figure 4. Drought effects on agriculture

In arid and semi-arid regions, precipitation is 
generally lower than potential evaporation, 
and non-uniform in distribution, resulting 
in frequent drought periods during the crop 
growing season, and usually coming in 
intense bursts, resulting in a surface run-off 
and uncontrolled rill and gully erosion. In the 
cool winter areas, as in the Mediterranean-
type climate, precipitation is less than 300 
mm, part of which is lost due to evaporation 
and run-off. The amount stored in the root 
zone is well below crop water requirements.

4. Effects of climate change on agriculture 
in Southeast of Turkey
4.1. General climate characteristics in 
Şanlıurfa
Şanlıurfa and its vicinity show these climatic 
conditions; summers are very dry and hot, 
and the rainy winters are relatively mild. 
This manifests itself in terms of temperature 
and precipitation. This area does not have a 
sufficiently moist atmosphere, and the land 
heats up faster in the day and cools down 
quicker in the evenings, which results in severe 
annual temperature differences. The highest 
temperature measured was 46.5 0C (in July) 
in the Ceylanpınar town of Şanlıurfa, Turkey. 
Şanlıurfa’s coldest temperature was-12.4 0C (in 
February). The average annual precipitation 
was calculated as 462 mm. The annual average 
rainfall varies between 331 mm and 473 mm. 
The annual average temperature is 18.6 0C, 
evaporation is 2048 mm, and wind speed is 
2.8 mm. The number of days with snow and 
frost is very low, and does not exceed 10 days 
per year. Northwestern and western directions 
work in the prevailing wind in Şanlıurfa. 60% 
of the territory and 38% of the cultivated land 
meadows and grassland consist of areas of 
vegetation. The forest area is very limited at 
0.6%. The city looks like the steppe lands, 
although tulips, violets, daisies, sorrel, and 
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purslane are frequently seen, as well as plants 
such as hibiscus and mustard. The continental 
climate prevails in the province of Şanlıurfa. 
The moisture content is less than the hottest 
province in Turkey, although the weather is 
sultry (www.cografya.gen.tr).

Most of the agricultural production is 
cultivated in dry conditions in Southeastern 
Turkey. The above, combined with rainwater 
research in the field, produces agricultural 
products such as barley, grapes, peanuts and 
almonds.  Many products cultivated in the 
region were destroyed in the 2008 and 2010 
droughts. The rainfall is less in this region and 
long years of climate data are given below in 
Table 1. 

Climate change and the scarcity of rainfall 
caused limited agricultural production in 
Turkey. Particularly, in the southeastern region 
of Anatolia, agricultural production has been 
hampered by the droughts in 2008 and 2010. 
The average of 30 years rainfall was 344.1 mm 
in this semi-arid region. Between 1982–2011, 
the lowest rainfall measured was 227.3 mm in 

2008, while the highest rainfall measured was 
573.1 mm in 1996. Agricultural production’s 
products face in very difficult circumstances 
under rain-fed conditions. The amount of 
precipitation from year to year was irregular 
and also very little (Fig. 5).

Figure 5. Long-term precipitation data in 
Southeast of Turkey

There was too much evaporation in this semi-
arid agricultural area (Fig. 6). When there 
are high levels of evaporation, plants live in 
stressful conditions. High evaporation was 
measured in the 2008 water year for the 
agricultural drought.

Table 1.  Average climate data of research area

Years Average 
Temperature

(0C)

Average 
Precipitation

(mm)

Average 
Moisture

(%)

Average Wind 
Speed (km/h)

Average 
Evaporation

(mm)

2009 20.2 299.2 66.8 5.8 1317.6

2010 20.7 326.0 72.4 6.3 1561.7

2011 19.7 263.2 65.7 7.2 1643.5

Long Term 
Average (30 

years)
18oC 344.1 70.6 6.4 2047
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Figure 6. Long-term evaporation data in 
Southeast of Turkey

In this study area, the monthly temperature 
increased during the summer months. There 
were high temperatures for rain-fed conditions 
(Fig. 7).

Figure 7. Long-term temperature data in 
Southeast of Turkey

5. Precaution for agricultural production
The impacts of drought, climate change, 
insufficient rainfall and water shortage can 
be economic, environmental and social in the 
vicinity of Şanlıurfa in the Southeast Anatolia 
Region, Turkey.   70% of renewable water 
resources are used for irrigation. Irrigation 

reduces by 10% the amount of water used; 
the use of water for homes around the world 
provides more than twice the required water. 
The economic and appropriate methods 
used to practically increase the efficiency 
of irrigation vary from region to region. 
However, in almost every case, 10-50% of 
farmers’ water consumption can be reduced. 
For this purpose, farmers must select varieties 
of low water usage plants, and   a pipe system, 
rather than a surface irrigation methods (drip 
irrigation) and limited irrigation systems in 
practice are to be preferred in the agricultural 
area. In addition, the breeding of drought-
resistant plant varieties should   be preferred 
in terms of cultivation.

Conclusion
The reduction of surface and groundwater 
flows should be carried out for the feeding 
of soil moisture. Appropriate techniques and 
equipment must be used in soil cultivation.  
Cultivation techniques must develop in 
relation to the appropriate agricultural 
mechanization techniques. Soil organic matter 
content applications should be increased, 
and instead of chemical fertilizers, organic 
fertilizers should be used. Flood and flood 
management techniques need to be learned 
by farmers. Efforts to reduce greenhouse 
gas emissions and use alternatives such as 
fossil fuels, and an effort should be made in 
bio-energy production. Despite the increase 
in precipitation the runoff decreases on 
average in all seasons as a result of enhanced 
evapotranspiration due to temperature rise 
in the research area. Attention to water 
management and water harvesting practices 
should be given more attention in times of 
drought. 

This research study revealed that the climatic 
variation with regard to the occurrence 
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of drought has a significant impact on the 
production of rain-fed crops. The small and 
medium rain-fed farms are highly vulnerable 
to climate change and to a larger extent the 
small and medium rain-fed farms have adopted 
more coping mechanisms for climate change 
compared to large farms. There are already 
signs of change as farmers are adjusting to 
the changes in the climate by both adopting 
the technological coping mechanisms on the 
positive side and negatively through shifting 
to other professions. This study suggests that 
as the impact of climate change is intensifying 
daily, it should be addressed through policy 
changes as soon as possible in order to avoid 
short term effects such as yield and income 
loss, and long-term effects such as the 
abandonment of farming as a profession.
Since drought management has gained    much 
attention in the last decade, the uncertainty 
in drought assessment under climate change 
conditions definitely requires further research 
(Tsakiris and Spiliotis, 2011; Estrela and 
Vargas, 2012).The differences in the changes 
of drought characteristics are much more 
considerable. As a result, irrigated agriculture 
should be studied carefully in relation to losses 
in yield due to climate change and drought.
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1. INTRODUCTION 
Many soils are unsaturated fine-grained soils, 
existing in high water contents in the wet side 
of the optimum water content. Before doing 
any underwater construction activity like; 
excavation, dredging, offshore structure’s 
foundation piling, seabed ground improvement 
etc., soils should be first classified and then 
unsaturated soil’s hydraulic properties should 
be assessed. An uncontaminated unsaturated 
fine-grained soil may exist in 3 phases. These 
are: (1) soil gases; (2) soil water; (3) organic 
and inorganic solids. For a contaminated soil, 

a 4.th phase called: nonaqueous phase liquids 
(NAPLs), is added. In this study, only wet 
uncontaminated unsaturated soils near the 
optimum water content will be considered for 
simplicity. As waste constituents may be found 
in gas, liquid or solid phases, mobile colloids 
(organic or inorganic, such as; clay colloids) 
can be suspended in water in the subsurface 
environment and can play a significant role 
as carriers of contaminants (Puls et.al. 1991; 
Burden an Sims 1999). 
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Abstract
This paper summarizes research study conducted and has two parts. The first part, classifies 
fine-grained soils with a new method (USCSM) using Laser Diffraction Method to distinguish 
within fine particle sizes. The second part, determines hydraulic conductivity (k) and volumetric 
water content (vwc) of 3 selected unsaturated undisturbed soils with a new hydraulic property 
tester “Hyprop test”, using the evaporation method. Results showed that under atmospheric (ie. 
zero pressure) conditions, matric suction (MS) increases with time upto a maximum value then 
decreases, when cavitation into soil sample or the measurement system at the air entry value 
(AEV).Reaching time for the maximum matric suction (MMS) increases with decreasing plasticity 
index (PI) and colloid content (c). MMS increases with PI, c, while increasing matric suction (MS) 
decreases hydraulic conductivity (k) and c. Also, k at the MMS decreases with increasing PI and c. 
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2. PART A: CLASSIFYING SOILS BY 
THE UNIFIED SOIL CLASSIFICATION 
SYSTEM 
2.1 HOW THE EXISTING USCS WORKS
In  the geotechnical engineering practice, the 
Unified Soil Classification System (USCS) is 
a widely used classification system worldwide 
as described in Table 1 (USAE-WES:TM3-357 
1960).

Table 1.  Particle size ranges of the USCS 
(USAE-WES:TM3-357 1960).

The analytical procedure to obtain soil fractions 
is called particle-size analysis. Sieves are used 
to separate very fine sand and larger particles 
(ASTM D 421-07 and D 422-07e1). Silt and 
clay contents are determined by measuring 
the suspention settlement rate separates in 
water by the hydrometer test (ASTM D 422-
07e1). In the USCS, silt and clay contents are 
determined by soil behavior various water 
contents by using soil plasticity chart (ASTM 
D 4318-10e1)(Fig.1), rather than soil particle 
size measurement. Thus, the USCS does not 
distinguish silts, clays, colloids, which are 
called as “fines”(ASTM D 2487-11). 
                

Fig. 1. Soil Plasticity Chart of the USCS 
(ASTM D 2487-11).

Colloids are commonly defined as mean 
particles or macromolecules smaller than 
1µm in diameter but larger than 1nm (Puls 
et.al. 1991; Burden and Sims 1999). A.W. 
Skempton of Imperial College , who has 
already reported some colloidal activity of 
clays (Skempton 1953).

For fine grained soils having particle sizes of 
upto 2x0.001mm, particle size distributions 
can be determined by the hydrometer 
analysis. This is almost the limit for a normal 
microscope. But, between 2x0.001mm.and 
0.000001mm (10Aº) particle sizes, electron 
microscopes or laser diffraction method is 
used, where for the latter, test set-up is as 
shown in Fig. 2 (Ozer 2006; Ozer et.al. 2009).
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2.2. SIZE-DISTINCTION MADE IN 
THE EXISTING USCS WITHIN FINE-
GRAINED SOILS 
Using the USCS have encountered many 
ambiguities among practising geotechnical 
engineers in defining the fine grained soils 
(eg. silts, clays and particles finer than clay 
size), just based on their plasticity properties. 
Hence, the USCS remained for a long time 
as a less precise method of classification for 
fine grained soils, considering the particle size 
determinations. This is because the USCS 
doesn’t make any distinction between the silt 
and clay sizes, except indicating that the soil 
is “silt”, if liquid limit is between 25.5% and 
100% (ie. 25.5<LL<100%), provided that the 
plasticity index is below the A-line (ie. PI<A-
Line). On the other hand, the soil is “clay”, 
if the plasticity index is between the A-Line 
and the U-Line (ie. A-Line<PI<U-Line) 
(USAE-WES:TM3-357 1960). Other main 
shortcomings of the USCS are;
•	 The USCS doesn’t well-define soil 

classification, if the PI of the soil is 
higher than the U-Line. 

•	 The distinction between silty-clay(CL-
ML) and clayey-silt (ML-CL), for the  
same PI, is not clear. 

•	 The USCS doesn’t subdivide any clay 
size, so that its particle size distribution 
can be related to the existence of any 
risk for soils’ dispersive, expansive or 
contaminant-carrying properties.   

•	 When PI is below the A-line with 
LL<50%, soil is silt; but above the 
A-line with LL<50% soil is clay, in 
which for both cases the distinction 
between ML (silt) and OL (organic 
clay  or organic silt) is not clearly made. 
The same is also true  for the OL itself, 
which can represent 2 different varieties 
of such soils.

•	 If PI is below the A-line and LL>50%, 
the distinction between MH (elastic silt) 
and OH (organic clay  or organic silt) is 
not clearly made. The same is also true  
for the OH itself, which can represent 2 
different varieties of such soils.

•	 Hydrometer test (using Stokes Law) 
overestimates microfines, where particle 
size < 0.002mm, compared to the lazer 
diffraction analysis (Ozer 2006; Ozer 
et.al. 2009; Wen et.al. 2002).  

These classification uncertainities for the 
fine grained soils could be greatly reduced, 

Fig.2. General Set-up of the Laser-Diffraction instrument used for d
istinguishing colloid size (Ozer 2006).
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by incorporating their recommended particle 
sizes into the classification system as in Table 
2.  

Table 2.  Recommended particle sizes of the 
fine-grained soils in the new USCSM (Sahin 

2013).

In order to better define the classification size 
sublimits for the fine grained  part of the USCS, 
distinction is made (between the sizes of silt, 
clay and colloids) in the new clasification 
system, which is called: “The modified USCS 
or USCSM, where the term “M” stands for the 
word “modified”. It’s noted that (inorganic) 
clay colloids are very fine particles having 
particle sizes between 0.001-0.000001mm 
(or 1000-1 nm) (Puls et.al. 1991; Burden and 
Sims 1999). 

Comparison of the new USCSM, with some 
other major soil classification systems is 
shown in Fig. 3. 

Fig. 3. Comparison of particle sizes (mm) for 
some major soil classification systems 

(Sahin 2013).

3. PART B: TESTING WET 
UNSATURATED FINE-GRAINED 
SOILS FOR HYDRAULIC PROPERTIES 
3.1 DEFINITION OF WET 
UNSATURATED FINE GRAINED SOILS
The term: “Wet Unsaturated Fine-Grained 
Soils” refers to wet unsaturated fine-grained 
soils, which belong to wet side of the 
“Optimum Water Content, determined by 
the standard (ASTM D 698-12e1) or (ASTM 
D 1557-12). This range is near saturation, 
whereby the air phase exist as either in 
occluded air bubles or as dissolved air in 
water (Egeli 1981; Egeli 1992), rather than 
the broad range of unsaturated soils on the dry 
side, whereby existence of “contractile skins” 
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touching soil particles occur and these also 
cause pressure differences to exist between 
the discontinuous air and water phases in such 
pockets. Contractile skin, if exists, is in tension 
and exerts pulling force on the soil particles, 
complicates the unsaturated soil behaviour 
(Fredlund and Rahardjo 1993). Hence, by 
selecting the wet side of unsaturated fine-
grained (UFG) soils, where water phase is 
continuous and hydraulic property behaviour 
is better understandable, compared to 
unsaturated soils’ behaviour on the dry side.

4.1 Suction and Hydraulic Conductivity 
Measurements’ Review in UFG Soils
Soil suction is an important parameter to 
describe moisture condition in engineering 
behavior of unsaturated soils. Soil suction is 
expressed as  a pressure term, which shows 
pulling force (tension) exerted on the water.
Matric suction is the diffeence between 
air pressure and pore water pressure. Total 
suction is the sum of the matric and osmotic 
suctions (Snethen 1980; Fredlund and 
Rahardjo 1993). Matric suction controls 
shear strength and hydraulic conductivity 
of an unsaturated soil (Cokca and Tilgen 
2010; Pan et.al. 2010). Also, matric suction 
is related to capilarity, mineral structure and 
adsorptive surface forces (Deka et.al. 1995). 
On the other hand, pore fluid osmotic suction 
is related to the dissolved salt content in pore 
water and affects swelling properties, yet it is 
independent from the water content having 
the same ion-concentration (Bulut et.al. 2001; 
Rao and Shivananda 2005). Thus, rather than 
total suction, matric suction is a significant 
parameter to use in engineering practice to 
predict the behaviour of an unsaturated soil 
(Fredlund and Rahardjo 1993; Burden and 
Sims 1999). Though Filter paper method is a 
simple indirect technique for measuring total 
and matric suctions (Houston et.al. 1884; 

Deka et.al. 1995; Bulut et.al. 2001; Pan et.al. 
2010),  tensiometers are the quickest, the most 
practical and giving more accurate results for 
measuring matric suctions (Houston et.al. 
1994; Deka et.al. 1995). In this study we’ve 
used tensiometers (Hyprop:11/2010 2012). 
Also, matric suction is an important parameter, 
both for determining water-holding capacity 
and engineering behavior of unsaturated soils 
(Cokca and Tilgen 2010). Although factors 
for the soil suction changes are important, the 
aim here is to determine how matric suction 
and other basic soil properties affect control 
unsaturated fine-grained soils’ hydraulic 
properties, such as; the maximum water-
retention capacity and the maximum hydraulic 
conductivity capacity, especially for clays 
with low (<10%) to medium (10-30%) colloid 
contents. This is because of the fact that such 
ranges are commonly encountered in practice 
in clays having colloids. 

4.2  Hyprop Testing for UFG soil’s Water-
Retention and Hydraulic Conductivity 
Properties 
Before it was known that; hydraulic 
conductivity of an unsaturated soil decreases, 
while an unsaturated soil’s matric suction 
increases (Rao and Shivananda 2005; Agus 
et.al. 2003). 

Although there are several indirect matric 
suction measurement methods in laboratory 
(e.g. time domain reflectometry, electrical 
and thermal conductivity sensors, in-contact 
filter paper technique etc.), direct suction 
measurement methods in laboratory (e.g. 
axis-translation technique, suction probes, 
tensiometers etc.) are  commonly used by 
the practitioners, particularly the  last one 
being the most common (Pan, et.al. 2010). 
Yet, validity of assumptions and reliability 
of measurements in each method should be 
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carefully checked, when assessing the results, 
as some assumes continuous pore air phase 
(good for dry side of the optimum water 
content) or continuous pore water phase with 
air is in bubbles, or probes may not qualify 
for making continuous  measurements from 
small (few kPA) to medium (100 kPa) and to 
very high range (1000 kPa) of matric suctions, 
covering a wide range from full saturation to 
drying. In engineering practice, the first two 
rangers are the most important range for 
practical, purposes and they  can be read by 
tensiometers. By selecting the wet unsaturated 
soil samples studying is narrowed to the wet 
side of the optimum water content, where water 
phase is continuous having air in bubbles and 
starting from sample’s full saturation (S=1) 
stage with using slow evaporation process 
at room temperature inside laboratory, good 
reliability with tensiometer measurements 
can be obtained. This approach was used in 
the below described new method to measure 
wet unsaturated soil’s hydraulic properties, 
including water retention and hydraulic 
conductivity. This recently developed 
equipment is called Hyprop (Hydraulic 
Property Analyzer,  or Hyprop:11/2010 2012, 
in short), which covers 0-100 kPa matric 
suction measurement range and uses the 
evaporation method (Peters and Durner 2008; 
Schindler et.al. 2010). Plotted results are 
given below.

4.2.1 Sample preparation: Before testing, the 
protective cap of the sample (the side with the 
straight rim without cutting edge) is removed 
and the undisturbed sample is extruded from 
the “Shelby-Tube” by the sampler ring and 
mesh fabric is placed on the sample. Then 
the perforated attachment cap and clamp is 
attached to the sample. Dish is filled with de-
aired/de-ionised water, before sample is placed 
with the perforated attachment for reaching 

full saturation.  The water level should be 1 cm 
below the upper rim of the sampling ring. The 
provided sampler-ring’s cutting edge shows 
upward, thus the sample is made saturated 
(above those for the undisturbed ”Shelby-
Tube” saturation degree values shown in 
Table 5 until S=1 for all) from the sampler-
ring’s reverse side (Fig. 4).

 

Fig. 4. Dish with water and the soil sample is 
allowed to reach saturation in the stage 

(Sahin 2013).

Then the set-up continues with degassing 
of the tensiometers and the sensor unit. To 
achieve this,  the ceramic tip is inserted into the 
tube with the ceramic tip pointing downwards 
toward the syringe. The tip should be close 
to the syringe’s nozzle. Then, the syringe is 
pulled upright to get rid of all air bubbles in 
the syringe and in the ceramic tip. Degassing 
the sensor unit is critically importance and 
needs to be done first with delicate handling. 
After, the acrylic caps are attachment onto 
the sensor heads, following the filling-up the 
acrylic attachment with de-aired/de-ionised 
water using the droplet syringe. When the 
tensiometers are filled with de-aired water, 
they are placed onto the sensor unit with 
silicone caps on, which is then inserted 
into the sample. Its’ noted that care must be 
placed not to exceed 1 bar pressure to avoid 
soil disturbance. After, then the soil sample 
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is taken out of the dish and is placed on the 
sensor unit assembly (Fig. 5).  

Fig. 5. Assembling the Hyprop Sensor Unit 
with the coring sampler-ring (Sahin 2013).

Next step is to place the silicone disk over 
the tensiometers and to close the clips to fix 
the sampling ring and the sensor unit to make 
a tightly-clad assembly. Then placing the 
assembly unit onto the weighing scale starts 
the evaporation method (Peter and Durner 
2006, 2008; Schindler et.al. 2010) (Fig.s 6-8).

                               

Fig. 7.  Experimental set-up of the Hyprop 
tests (Sahin 2013).

    
   

Fig. 8.  A Hyprop test is in progress 
(Sahin 2013).

4.2.2  Hyprop Testing Theory using the 
Evaporation Method: Soil sampling ring has 
two tensiometers, which are installed in a soil 
sample at two depths (z1 and z2). The middle 
point between the tips of the tensiometers 
should correspond to the centre of the soil 

Fig. 6. General view of the Hyprop test set-up (Sahin 2013).
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sample. To begin with the testing progress the 
undisturbed soil sample is obtained by slowly 
pushing-in of coring cylinder into the “Shelby-
Tube”. This sub-sample so obtained, is made 
saturated before the test starts by placing its 
closed side on the Hyprop scale. The upper 
side of the sample is open to atmosphere 
inside the laboratuary so that soil can loose 
moisture by slow evaporation at the constant 
laboratory temperature (with no fast blowing 
winds/air currrents in the laboratory, which 
hinder results due to allowing fast evaporation 
to occur).While soil sample’s degree of 
saturation reduces from full saturation (S=1) 
by loosing moisture thru’ evaporation, the 
soil water tension [kPa] causing an average 
matric suction. Thus the hydraulic gradient 
is automatically calculated at the mid-point 
of the sample by using linear regression. The 
mass difference, measured by the scale, is 
used to calculate the volumetric water content 
and the water’s flow rate. Measuring process 
starts automatically, when the sampler ring is 
placed onto the scale and it lasts until one of 
the tensiometers runs dry or the mass changes 
become marginal (nearly zero). The remaining 
final moisture content is then determined by 
the oven drying the sample at 105°C for 24 
hours. With these values the retention curve 
and the unsaturated conductivity is found 
by intermittent points [upto (-)100 kPa] and 
beyond [upto (-) 1000 kPa] by the built-in 
software’s extrapolation program.

Discrete Data for Retention and 
Conductivity Relation: At different points 
of time ti the water tensions (h1)

i and (h2)
i 

(in hPa) of both depths are measured as well 
as the weight of the sample (in grams). The 
analytic procedure is based on the assumption 
that water tension and water content distribute 
linearly through the column, and that water 
tension and sample weight changes are also 

linear between the two evaluation points. The 
initial water content is determined from the 
total loss of water (i.e. by evaporation+water 
loss by oven drying).The average water 
content ( θi) is derived from the initial water 
content and the water loss by weight. Thus the 
medial water tension hi give a discrete value ( 
θi(hi) ) of the retention function at any time ti.
  
For the calculation of the conductivity 
function, it is assumed that between the two 
time points ti-1and ti the water flow through 
the cross section situated exactly between 
both tensiometers (and therefore exactly at 
the column centre qi=1/2(ΔVi/ΔtiA).ΔVi is 
the water loss in cm3 determined by weight 
changes,Δti is the interval between two 
evaluation points, and A the cross section 
area (in cm2) of the column. The data for 
the hydraulic conductivity function are 
determined by using the Darcy-Equation:
                                                                               
Ki(hi)’’= -(qi)/(Δhi /Δz+1)                 (1)                                                 

Where; 
(hi)’’= (1/4)[(hi-1)1+(hi-1)2+(hi)1+(hi)2] is 
the medial water tension between watwo 
evaluation points, with Ki as the related 
hydraulic conductivity (in cm h-1).
Δhi = (1/2)[(hi-1)2-(h

i-1)1+(hi)2-(h
i)1] is the 

medial difference of the water tension between 
the two tensiometers, while Δz = z2-z1 is the 
distance between both tensiometers (in cm).
 K(h) data sets close to saturation are reduce, 
depending to the accuracy of the tensiometers.
To get sufficient number of data points for the 
hydraulic conductivity function with relatively 
long intervals,both the tension curve and the 
weight curve between two evaluation points 
are interpolated (with hermitian splines) (Van 
Genuchten 1980). On this basis relatively 
short evaluation intervals are achieved.
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Retention and Conductivity Functions: 
Normally hydraulic characteristics are 
described by parametric functions for θ(h) and 
K(h). In using the Hyprop:11/2010 2012, three 
analysis models can be chosen. These models 
can be adapted to measure data via a robust 
and non-linear optimizing procedure. The Van 
Genuchten/Mualem model (Van Genuchten 
1980) was chosen to determine the hydraulic 
properties of testing materials in the Hyprop 
equipment used this study.

Van Genuchten-Mualem Model: With this 
model the effective saturation Se= (θ-θr)/(θs-
θr) and the unsaturated hydraulic conductivity, 
K in relation to the matric potential h are 
predetermined by the following formulas 
(Van Genuchten 1980);
           
Se(h) = (1+(α│h│)n)1/(n-1 (2)                                                                            
    
K(h)=Ks(1+(α│h│)n)τ (1/ (n-1)) [1-(α│h│)
n-1[1+(α│h│)n]1 / (n-1)]2  (3)                                       
 
Where; 
α (cm-1) = Air entry value (AEV).
n (-) = Fitting parameter of the water retention 
function.

τ = Tortuosity parameter.

In the above equations (1-3), the residual 
water content is ( θr) the water content at 
saturation is (θs) the inverse value of the 
bubble point potential is α [cm-1] and the 
pore size distribution is n (-) are the fitting 
parameters for the retention function. 
Furthermore, the tortuosity parameter, τ (-) 
and the saturated conductivity, Ks are fitted to 
get the conductivity function. 

Optimization of the Parameters: The θ(h) 
and K(h) functions are adapted simultaneously 

to the data points by the built-in softare. 
Adaption is accomplished by a non-linear 
regression. However, the assumption that the 
water content is spread out linearly over the 
soil column is not always fulfilled in the coarse 
pored or structured soil samples. Therefore, 
the so called ‘’integral fit’’applied to adapt 
the water retention function to overcomes 
such problems (Peters and Durner 2006; 
Hyprop:11/2010 2012).

4.2.3  Testing Materials and the methods 
used: Firstly, it’s noted that this original 
research work was conducted as part of the 
MSc Thesis (Sahin 2013), during which 
study most laboratory work has been carried 
out at the Geotechnics Laboratory of the 
Civil Engineering Department at the Izmir 
Institute of Technology in Urla-Izmir, Turkey. 
Hence the thesis contains all the tests results 
summarized here.  
This second part of the paper summarizes test 
results of the above mentioned thesis study, 
which contains laboratory tests done on locally 
provided undisturbed ‘Shelby-Tube’ soil 
samples’ obtained in the field from  the nearby 
Tahtalı Lake’s bottom sediments in Izmir by 
coring method and their three (3) unsaturated 
fine-grained (UFG) soil sub-samples, also 
obtained by using the coring sampling ring 
(Fig.5) were used. All sub-samples were wetter 
than their optimum moisture contents and were 
near to their full saturation (S=1), but with 
varying degrees of Plasticity Indices (PI, %) 
and Colloid Contents(c, %). The soil types of 
these samples using the existing USCS and the 
new USCSM classifications were ML, OL and 
CH types. Some laboratory index tests of the 
used samples were done at the Ege Zemin and 
İYTE Lab.s in Izmir and the Laser-Diffraction 
Tests (LDT) were done at the Gazi University-
Technical Education Faculty’s-Geotechnical 
Lab.in Ankara, where the same regression 
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equation and correlation coefficient was used 
in using the same testing instrument used with 
the one used in the original PhD Thesis study 
conducted there, regarding soils’ fine particles 
passing both of 0.002mm and 0.001mm sieve 
sizes (Ozer 2006). Particle Size Distribution 
(PSD) graphs of the 3 undisturbed soil 
samples tested are shown in Fig.9 and test 
results are given Table 3. It’s noted that; all 
the soil sample index tests were conducted 
using the ASTM standards, including the one 
for the Shrinkage Limit (SL) and Shrinkage 
Index (SI) tests. Shrinkage Limit (SL) is the 
% (by weight) water content where further 
loss of moisture will not result in any volume 
reduction, but increase in moisture causes a 
volume increase. SL represents the minimum 

(gravimetric) water content at which soil can 
be in saturated condition (Sahin 2013).  

It can be seen that Laser Diffraction test 
gives about 60% lower results content to the 
hydrometer test. This may be interpreted as 
the hydrometer test overestimating the fines in 
suspension by about 40 % (ie for the  -0.002mm 
of the fine fraction). This is due to the fact that 
the hydrometer theory is derived from the 
sedimentation theory, which depends on the 
Stokes law, which may give only approximate 
results (Ozer 2006; Ozer et.al. 2009; Wen 
et.al. 2002). Laser Difraction method can also 
be used to determine -0.001mm of the fine 
fraction, which shows the % finer than the 
maximum colloid size of 0.001mm. However, 

Fig. 9. PSD graphs of the 3 undisturbed soil samples used in the Hyprop tests (Sahin 2013).

Table 3. Comparing lab.test results of 3 undisturbed soil samples tested by the Hyprop set 
(Sahin 2013).
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the hydraulic conductivity values reported in 
Table 3 are the values corresponding to the 
3 undisturbed ( CH, OL, ML type) sample’s 
maximum matric suction points, as obtained 
in the Hyprop tests conducted. Results are 
shown in Fig.s 10-18 below. 

4.2.4   Hyprop Test Results:
From the performed tests following results 
were obtained.
Matric Suction versus Time: For all the 3 
samples, matric suction continued to increase 
gradually over time upto a maximum point (in 

both variations of the 2 tensiometers showing 
soil sample’s top and bottom tensions), after 
which it decreased also gradually. Decreasing 
values show air-entry thru’ the seramic tips of 
probes and should be disregarded. But values 
upto the first maximum matric suction (MMS) 
point are correct and can be correlated with 
the soil sample’s index properties (Fig.s 10-
12). 
ML soil sample

CH soil sample

Fig. 10. Variation of Matric Suction with Time (days) for the ML soil sample (Sahin 2013).

Fig. 11. Variation of Matric Suction with Time (days) for the CH soil sample (Sahin 2013).
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OLsoil sample 

Hydraulic Conductivity versus Matric 
Suction: Results show that with increasing 
matric suction, hydraulic conductivity 
gradually decreased with slow rate upto (-)10 
kPa, after which it decreased almost linearly at 
constant rate upto about (-) 100 kPa. The actual 
automatic readings at small time intervals by 
the Hyprop tensiometers are shown in faint 
bubbles upto about (-)100kPa. Dark line is the 
result of automatic curve fitting process by the 
built-in Hyprop software (Fig.s 13-15).
ML soil sample

CH soil sample

OL soil sample

Volumetric Water Content versus Matric 
Suction: The initial water contents of the 
sub-samples obtained from the ‘Shelby-Tube’ 
is determined by the oven drying method, 
before the Hyprop tests (Table 5). Weighing 
scale uses this value as an input and calculates 
the volumetric value at each automatic 
measurement, thru’ its weighing scale, 

Fig. 12. Variation of Matric Suction with Time (days) for the OL soil sample (Sahin 2013).

Fig. 13. Variation of Hydraulic Conductivity with Matric Suction for the ML soil sample (Sahin 2013).
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considering the Hyprop assembly is nearly 
saturated where the known quatities are the 
sample volume with sensor assembly weight, 
which is automatically contiounsly calculated 
by the built-in software.  As the method 
considers only the capillary water filling all 
the soil pores with no adsorbed (or film) water, 
the calculated porosity (or void ratio) becomes 
equal to the saturated water content θs and this 
results during the test are only approximate 
values. Hence, the water content is called the 
volumetric water content. Results show that 
with increasing matric suction, volumetric 
water content gradually decreases with slow 

rate upto (-)10 kPa, after which it decreases 
almost linearly at a constant rate upto about 
(-) 100 kPa. The actual automatic readings are 
done at small time intervals by the Hyprop 
tensiometers as shown in faint bubbles. Dark 
line is the result of automatic curve fitting 
process by the built-in Hyprop software (Fig.s 
16-18).  

 

Fig. 14. Variation of Hydraulic Conductivity with Matric Suction for the CH soil sample (Sahin 2013).

Fig. 15. Variation of Hydraulic Conductivity with Matric Suction for the OL soil sample (Sahin 2013).



1080

New Classıfıcaton and Hydraulic Property Testing for Wet Unsaturated Fine-Graıned Soils

ML soil sample

CH soil sample

OL soil sample

4.2.5    Correlations with the Hyprop Test 
Results: 
Following correlations were made using the 
Hyprop test results presented above.

Plasticity Index versus Time to reach the 
Maximum Matric Suction: Time (in days) 
it takes to reach the maximum matric suction 
(kPa) obtained in the above presented Hyprop 
test-result graphs were plotted against the 
plasticity indices (PI, %) of the 3 samples, 
whose properties were tabulated in Table 5. 
The general trend of the results was that; as 
PI decreases (from  20 or 30 to 5), sample 
becomes more granular in nature and time to 
reach the maximum matric suction increases, 

Fig. 16. Variation of Volumetric Water Content with Matric Suction for the ML soil sample (Sahin 2013).

Fig. 17. Change of Volumetric Water Content with Matric Suction for the CH soil sample (Sahin 2013).



1081INTERNATIONAL JOURNAL OF ELECTRONICS, MECHANICAL AND MECHATRONICS ENGINEERING Vol.6 Num.1 - 2016 (1067-1089)

Isfendiyar EGELİ, Yavuz ŞAHİN

provided that sample has lange initial void 
ratios. The difference between PI 20 and 30 
was not so apparent and perhaps could be 
ignored. Low PI (ML) material has larger 
initial void ratio, yielding to larger pore sizes 
filled with larger air bubbles (compared to the 
other 2 samples), meaning that it takes more 
time to reach pressure equalization thru’ the 
diffusion process (Egeli 1980) between air 
bubbles and to the point of maximum matric 
suction. The correlation coefficient is found 
as medium (0.8429), but the general trend is 
nearly apparent (Fig.19). 

Colloid Content versus Time to reach the 
Maximum Matric Suction: Plotting Time (in 
days) it takes to reach the maximum matric 
suction (kPa) obtained in the Hyprop test-
result graphs against the colloid contents (c, 
%) of the 3 samples used (second column 
from the last in Table 3), show that, while  
the colloid content decreases, (from 12 or 15 
to 0.1), time to reach the maximum matric 
suction increases. The difference between 12 
and 15 was not so apparent and perhaps could 
be ignored. Compared to the other 2 samples, 
low colloid content (ML) material had larger 
initial void ratio, meaning larger pores are 
filled with larger air bubbles. It takes more 

Fig. 18. Variation of Volumetric Water Content with Matric Suction for the OL soil sample (Sahin 2013).

Fig. 19. Variation of Plasticity Index against Time to reach the Maximum Matric Suction (Sahin 2013).
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time to reach pressure equalization between 
air bubbles thru’ the diffusion process (Egeli 
1992), and reaching to the point of maximum 
matric suction. The correlation coefficient 
obtain is high (0.9498), but the general trend 
is nearly apparent (Fig.20). 

Plasticity Index versus the Maximum 
Matric Suction:  The values of the maximum 
matric suction (kPa) obtained in the above 
presented Hyprop test-result graphs were 
plotted against the plasticity indices (PI, %) 
of the 3 samples used, whose properties were 
tabulated in Table 3. Results show that as PI 
increases, the maximum matric suction also 

increases. Though the correlation coefficient 
obtain is medium (0.7699), the general trend 
is clearly (Fig. 21). 

Colloid Content versus the Maximum 
Matric Suction: Again plotting the values of 
the maximum matric suction (kPa) obtained 
in the Hyprop test-results against the colloid 
contents (c, %) of the 3 samples used (second 
column from the last in Table 3). Show that, 
as the colloid content increases, the maximum 
matric suction also increases. Though the 
correlation coefficient obtain is low, the 
general trend is understandable (Fig. 22). 

Fig. 20. Variation of Colloid Content against Time to reach the Maximum Matric Suction (Sahin 2013).

Fig. 21. Variation of Plasticity Index against the Maximum Matric Suction (Sahin 2013).
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Hydraulic Conductivity versus the 
Maximum Matric Suction: As noted earlier, 
Hydraulic conductivity values listed in the last 
column of Table 3 are the values (in mm/day) 
corresponding to the Maximum Matric Suction 
(MMS) (in kPa), obtained in the Hyprop tests 
conducted on the 3 samples. Unfortunately no 
clear trend existed. This needs further study 
(Fig. 23). 

Hydraulic Conductivity at the Max.
Matric Suction against the Plasticity Index 
(PI): Values of the hydraulic conductivity 
corresponding to the Maximum Matric 
Suction, MMS (in kPa) obtained in the Hyprop 
test-result were plotted against the Plasticity 

Indices (PI) of the 3 samples used in Table 3. 
Results show that; as PI increases, hydraulic 
conductivity at the max. matric suction points 
decreases. This is a clear trend with a high 
correlation coeficient (R2=0.9981) (Fig. 24). 

Hydraulic Conductivity at the Max.Matric 
Suction against the Colloid Content: Values 
of the hydraulic conductivity at the Maximum 
Matric Suction, MMS (in kPa) obtained in 
the Hyprop test-result were plotted against 
the colloid contents (c) of the 3 samples used 
in (Table 3). Results show that as colloid 
content increases, hydraulic conductivity at 
the maximum matric suction points decreases. 
This is a clear trend with a high correlation 

Fig. 22. Variation of Colloid Content against the Maximum Matric Suction (Sahin 2013).

Fig. 23. Variation of Hydraulic Conductivity at the MMS against the MMS (Sahin 2013).
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coefficient (R2=0.9262) (Fig. 25). 

5.   CONCLUSIONS
A practically usable and more defining 
particle-size modification (USCSM) was 
made to the fine grained part the Unified Soil 
Classification System (USCS), which doesn’t 
make any distinction in size for the fine 
grained soils between the silt, clay and colloid 
sizes. With this modification fine grained 
soils could be better defined and classified for 
their use in engineering practice, rather than 
using the existing USCS’s more broad ranged 
classification process, which relies heavily on 
the Plasticity Chart. Also, 3 such fine grained 
unsaturated soils (of ML, CH and OL types) 

were tested with the Hyprop equipment to 
determine their ’water-retention and hydraulic 
conductivity’ properties. Results yielded 
following conclusions:
•	 At no overall stress change applied to 

a soil sample (ie. under atmospheric 
pressure), matric suction within 
unsaturated soil pores do not stay 
constant, but increases with time upto 
a maximum point, called the maximum 
matric suction (MMS) and then air entry 
into the probes may occur, which may 
cause matric suction to decrease. But 
readings upto the first tensiometer’s 
MMS are reliable, represent soil 
behaviour and can be correlated with 

Fig. 24. Variation of Hydraulic Conductivity at the MMS against the Plasticity Index (Sahin 2013).

Fig. 25. Variation of Hydraulic Conductivity at the MMS against the Colloid Content (Sahin 2013).
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other soil properties. Yet decrasing 
matric suction readings after the first 
tensiometer’s MMS may mean air 
entry into the sample, porous tip, the 
measurement system etc. and schould 
be disregarded. 

•	 Decreasing PI and colloid content (ie. 
sample becoming more granular in 
natüre) with higher void ratio, increases 
pore and air bubble size and time to 
reach the maximum matric suction. The 
reason for difference between 2 high 
PI with high colloid content samples 
and the low PI with low colloid content 
(ML) sample was clear with the between 
medium-high correlation coefficients 
(0.8429<R2<0.9498).   

•	 Increasing PI, also increases the 
maximum matric suction (MMS). 
Though the correlation coefficient is not 
very high (0.7699), the general trend is 
still clear.

•	 Increasing colloid contents (c), also 
increases maximum matric suctions 
(MMS). Although for the obtained low 
correlation coefficient (0.5242), 

•	 Hydraulic conductivity values 
corresponding to the maximum matric 
suctions (HC-MMS) were still obtained 
from the Hyprop test-result graphs. HC-
MMS plotted against the MMS showed 
no clear trend for any correlation to 
exist. This needed further study. 

•	 HC-MMS plotted against the PI and 
colloid contents (c) showed quite clear 
trends (0.9262<R2<0.9981), as HC-
MMS decreased witth increasing PI or c.
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1. Présentation Of “Le Parc De La Tête 
D’Or”
1.1. The History
1.1.1. The Beginning
From 1812, the project of an urban park start-
ed. At this time, scholars saw it as a way to 
create a park to “give the nature to people who 
do not have“, to give them a better frame’s 
life. The place of the area had just been the 
discording point between the mayor, elected 
members and architects. At the end, they de-
cided to locate it in the North of the city, close 
to the Rhone River. The work of the Buhler’s 
brothers has finally been opened the same 
year than Central Park, in 1857 [1].
 
1.1.2. The Progression
On the beginning, the park was obvious-
ly not rich of all the infrastructures and 
complexes that composed it nowadays. 

Some big developments and new construc-
tions have marked the history of the park.  
In 1861, for instance, new spaces have been 
created, for the presentation of animals: exotic 
animals were brought, and more and more, a 
zoological park had been created. Even if their 
presence was a part of the beginning plan, 
they did not see it as consistent as it became. 
In 1964 the elephants’ enclosure has been 
built and in 1968, it has been the tour of the 
giraffes’ pavilion. Other African animals were 
brought in 2006 and some new species are 
still coming today to make it richer of variet-
ies (Figure 1) [2].

The Botanical Garden of Lyon in “Le Parc De La Tête D’or”

Yıldız AKSOY1

Ferreira CLAIRE2

Abstract
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was seen like a loss of money. Nevertheless, even if people fancied that it would become a 
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The Botanical Garden of Lyon in “Le Parc De La Tête D’or”

Figure 1 [2]

The botanical garden is another example: it 
had been transferred in 1857 in the park, cre-
ating a new activity pole. New greenhouses 
were built by the architect Gustave Bonnet. 
Main greenhouses had been re-built between 
1877 and 1880. 

Nowadays, constructions go on with new va-
rieties still sent there, as the botanical garden 
is one of the biggest researches centers of the 
world [1].

The lay out of the lake has also been a big 
investment. To bring activities and customers, 
a boating activity has been installed to take 
profit of the lake. In 1913, a landing stage 
was added to the infrastructure. On this lake, 
there are two islands. There were accessible 
only by boats until 1932 when a tunnel under 
the lake had been constructed to link one of 
those called “Swans’ Island” with the rest of 
the park [1].

1.2. Spaces
With its surface of one hundred five hectares, 
the park follows the English type style. Its big 
grass areas, hundred years-old ornamental 
trees, colored and perfumed flowers compo-

sitions, undulating relieves, statues, pavilions 
give it a romantic atmosphere. It has a trian-
gular shape and it is accessible by eight en-
trances.
 
The park is composed to several areas (Figure 
2).

Figure 2 [3] 

1.2.1. Big Grass Areas
They are characterized by this impression of 
infinity: long perspectives, shadow given by 
shrubs and trees create a relaxing atmosphere 
and permit to forget the city and cars still close 
to the area. The turf is accessible by people, to 
be laid under the sun or the shadow of a mon-
umental tree, for a family picnic, activities 
like balls games etc. (Figure 3). 

It is accessible by gravel paths and benches 
permit to the walkers to get rest.
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(Figure 3)

1.2.2. The Lake
With its sixteen hectares [1], the lake is also a 
big part of the park (Figure 4), bringing water 
activities, and boat tours. All the surrounding 
is full of trees, shrubs and flowers: it brings 
shadow, quietness and intimacy. 

  

Figure 4

Swans and ducks swim and children feed 
them. It is not surrounded by fences so it gives 
a natural and free impression. Islands are ac-
cessible by small boats and tunnels.

1.2.3. The Zoological Area
The park is also composed by a zoological 
space of six hectares, with more than 130 dif-
ferent animals’ varieties. Some of them live 
together in a free area of two and half hectares 
(Figure 5).  Instead of using ugly and impos-
ing fences, architects have used trenches. Ani-
mals and human cannot cross them [1].

 

Figure 5

1.2.4. The Velodrome
It has been created in 1894 and renovated in 
1934. Championships and competitions still 
take place today, about two or three times a 
year. In the central place, an athletic area has 
been laid out, to play handball, volleyball or 
even basketball [4].

1.2.5. Four Rose’s Areas
Four different rose’s areas are visible in the 
park. 
The first is the collection of the botanical gar-
den, counting about one hundred varieties.  
Then, there is the historical rose garden creat-
ed in 1980 in a surface of 1 600 m2 with more 
than five hundred seventy different species. 
There is also an analysis rose garden where 
you can see all the new varieties and the most 
beautiful roses of the France.  The last one is 
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the new rose area of five hectares, inaugurated 
in 1964, counting sixty hundred rosebushes 
representing the three hundred twenty variet-
ies the most used in France and abroad [5].

2. Presentation of the Botanical Garden
The botanical garden is situated on the South-
Est of the park to keep to big perspectives of 
the grass area. It is composed by two small 
parts: first, free entrances and closed green-
houses on the south of the place, and the grass 
area with its four small gardens, on the North 
(Figure 6)

Figure 6 [5]

2.1. Greenhouses
Known to be one of the biggest research-
es center, the garden can count twenty five 
greenhouses where plant varieties from the 
entire world are represented. As the center is 
also an experience center, only ten of green-
houses are opened to the public and the rest is 
for researchers and students of the botanical 
school, link to the garden (Figure 7) [5].

 

(Figure 7) [5]

Inside of the free entrance greenhouses, archi-
tects tried to recreate the atmosphere of the 
country plants, shrubs, flowers and trees come 
from with the use of hard landscape like deco-
rative panels or small houses in wood. 

We can count Carnivorous plants and from 
South Africa, Aquatic plants, Madagascar’s 
greenhouses and arid areas, South America’s 
plants, Amazon’s greenhouses and a Mexican 
garden [6].

They are distributed in different greenhous-
es in function of their needs because they, 
of course, need to find the same conditions, 
in mean of moisture, temperature than their 
coming countries. So, the architecture and 
structure of greenhouses are adapted to them, 
in function of the high of trees, the moisture 
plants need, the temperature, the need of light 
etc [7].

For example, in the Mexican area, the tem-
perature can be higher than 50°C to keep cac-
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tus alive and the air is really dry [8].
We can also see the hard landscape used with 
the high structure of the greenhouses with its 
big glasses permitting to the natural light to 
come inside. A decorative panel represents the 
atmosphere of the country to put visitors in 
this new world. They also use soft landscape 
to show plants with big stones where they put 
inside a lot of varieties of cactus (Figure 8).

Figure 8. The ground is hard soil, as we can 
find in Mexico

The hard landscape is not used in the 
same way in other greenhouses. For ex-
ample, the South America’s plants are 
protected with hard landscape, with fenc-
es in glass to forbid visitors to touch. 
Also, the ceiling height is smaller and it gives 
another atmosphere, cozier with small trees 
and shrubs above our heads (Figure 9).
 

Figure 9

Plants need less light but more moisture. The 
hard landscape with the structure of the green-
house, fences, and moisture systems serve the 
soft landscape to recreate the same life con-
ditions to keep alive plants and make them 
grow in the best way, and to recreate the same 
landscape to make visitors discover another 
universe (Figure 10).

Figure 10



1096

The Botanical Garden of Lyon in “Le Parc De La Tête D’or”

In all of those greenhouses, landscape archi-
tects used the most of varieties of flowers, 
plants, shrubs and trees they could find, to 
give atmospheres in function of coming coun-
tries. In each greenhouse, all elements added 
create a whole with the impression to be in 
Mexico or in the South of Africa. It defines the 
unity’s principle (Figure 11).

 

Figure 11

2.2. The Garden
The garden is divided in two parts (Figure 12). 

Figure 12 [3]

2.2.1. The Formal Balance Part
This part of the garden is characterized by its 
perfect geometry. This result is made thanks 
to the hard landscape and the soft landscape.
  
First, thanks to the hard landscape. If you are 
watching the green houses from the middle of 
the green area, you can realize that five green-
houses are in the middle of the path (Figure 
13).

Figure 13

The main one on the middle of those is the 
highest and they become smaller and smaller 
as they become farer and farer from it. It is 
made in iron and it uses roundness triangular 
shapes. In front of them, in the middle, there 
is a statue that gives greatness to the area (Fig-
ure 13). The white color reinforces the clean-
ness impression.

The soft landscape has also an important 
role. First, the round shape of the grass made 
by paths gives a romantically atmosphere. 
People can lay, picnic, and play on the turf. 
It is made not only to be beautiful but also 
to be used for the wellness of the users.  
We can see annual pyramidal shrubs that are 



1097INTERNATIONAL JOURNAL OF ELECTRONICS, MECHANICAL AND MECHATRONICS ENGINEERING Vol.6 Num.1 - 2016 (1091-1099)

Yıldız AKSOY, Ferreira CLAIRE

repeated in a symmetrical way (high, shape 
and size). Different perennial flowers are used 
in function of the time. It can be blue bulbs, 
or like today yellow and pink tulips with blue 
bulbs. They are also used in the same way in 
the two identical halves. In the winter, they 
can let only the shrubs without using flowers. 
We can also see two identical palms used to 
put in valor the entrance of the main green-
house. And finally, there are big trees behind 
and around infrastructures to keep the intima-
cy of this charming place (Figure 13).

2.2.2. The Informal Balance Part
The informal balance part is composed by 
four areas. They are equal even if they are re-
ally different by the hard landscape and soft 
landscape used.

2.2.2.1. The Winter’s Garden 
In this area, landscape architects only used 
soft landscape. Small green shrubs are used 
on the small grey gravels to create and 
surround shapes full of different varieties of 
colored flowers. The sunny and light area is 
surrounded by annual ornamental and tick 
trees to keep the romantically atmosphere of 
the small garden (Figure 14).

Figure 14

The richness of those varieties makes different 
perfumes, colors, textures and round shapes 
that create a restful and joyful place. We can 
see some bulbs, rosebushes, lilies, lavenders.

2.2.2.2. The « Rosaraie »
On the grass area and completed by some 
shrubs and green plants, the Rosaraie is 
composed by soft landscape for the most. Red 
rosebushes are planted in the grass and some 
others are surrounded by stone ground. We 
can see the repetition of red, white and orange 
colors that create a harmony (Figure 15).

To have this result, they used more about two 
hundreds varieties of roses in those same tones. 
Hard landscape is also used with big pots 
where are can see other roses. There are also 
lamps and lamp posts to create light games 
and put in valor the area during the night. 

Figure 15

2.2.2.3. The Shadow’s Garden
It is composed by soft landscape in the ma-
jority. We can see the grass with some paving 
stones that create a path. There are also vines 
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on iron bars that create a cozy place. But the 
garden found its name with ornamental trees 
that give shadow for visitors who can sit on 
the grass and picnic or get rest for a while 
(Figure 16).

About the hard landscape, we can see pots to 
hold flowers and a greenhouse in the back.  

Figure 16

2.2.2.4. The Flowers Garden
As the Winter garden, they used only soft 
landscape to create this area. Small shrubs are 
planted on grey gravels to create and surround 
shapes that have flowers inside. We can see 
rectangular shapes for most, and some lines 
are a little bit rounds, to give smoothness to 
the whole. They used all the most of colors and 
textures they could to have something joyful. 
The place is surrounded by small shrubs and 
different trees to have different tons of green 
and different shapes. We can see several vari-
eties of firs, pines. They also use here the in-
formal balance principle with something har-
monious even if it is not symmetrical (Figure 
17).
 
This part is the less rich part of the four in 
mean of varieties. It makes the area simpler. 

Figure 17

Those 4 parts create the informal balance 
whole of the botanical garden. Each part is a 
an entire garden with its own characteristics 
to create a particular world with different at-
mospheres thanks to the hard landscape like 
pots, greenhouses, statues and soft landscape 
with all varieties of plants, flowers, shrubs, 
trees mixed in functions of their needs for the 
Plaisir of people coming from the entire world 
to contemplate it. 

3. CONCLUSION
As a conclusion, we can say that the botani-
cal park situated in the South of “Le Parc de 
la Tête d’Or” is rich in a lot of ways. First, 
it is one of the biggest searching centers of 
the world that count an impressing number of 
varieties of plants, cactus, baobabs etc. Now-
adays, they still import new plants so new 
greenhouses have begun to be built in the ex-
ample of others, to keep the same atmosphere. 

Another particularity of the botanical garden 
and of the park in general is that all entranc-
es are free for everybody. As the main goal 
of this area was the creation of a green area 
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for people who did not have their own green 
space, it is a necessity to keep it free. Some 
activities like boats and food’s kiosk permit to 
collect money for lays out and works. 
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INTRODUCTION

In recent years, by the development of new 
wireless communication services, applications 
and need for higher speeds in communication 
systems, demand for spectrum resources has 
get more obvious than before. In each country, 
spectrum is allocated by governmental or non-
governmental centers. Fixed spectrum 
allocation has forced wireless service 
providers to use the spectrum allocated to them 
only even if it needs more bandwidth whether 
there is some vacant spectrum at that moment 
in other spectrum bands which are called white 
spaces. Federal Communications Commission 
(FCC) has reported the temporal variations in 
spectrum utilization is range between 15% and 
85% [2]. In order to mitigate the scarcity of  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
spectrum, cognitive radio (CR) is being 
introduced which the licensed spectrum is 
being sensed by a device that is allowed to use 
in the case of spectrum under-utilization which 
is called secondary user. In the case of vacancy 
detection, Secondary user could use that 
spectrum till the licensed spectrum user which 
is called primary user begin to use its allocated 
spectrum again. One of the most important 
factors of CR systems is detection. Secondary 
user should ensure that the spectrum band is 
vacant and there is no interference with the 
licensed user. So, reliability in spectrum 
sensing method is very important to prevent 
such interferences. There are many sensing 
algorithms such as ED [1], [8] and [9], Double 
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threshold energy detection (DTED) [7] and 
[11], Matched filtering [3], Wavelet Based 
detection [10], cyclostationary detection [4] 
and covariance based spectrum sensing 
methods [5-6]. Each of these sensing methods 
have different advantages, disadvantages and 
different parameters to detect the presence of 
signal. For example, cyclostationary spectrum 
sensing method needs to know the cyclic 
frequency of the primary user and matched 
filter requires to know the wave forms of the 
primary user. Among these sensing methods 
covariance based spectrum sensing is 
considered as a blind spectrum sensing 
method.  In covariance based spectrum 
sensing, for determining the threshold of the 
method no information is needed about the 
environment and the signal sent by the primary 
user. Energy to minimum eigenvalue (EME) 
and maximum to minimum eigenvalue 
(MME) sensing methods are two most known 
sensing methods in covariance based spectrum 
sensing methods [5].  ED is considered as a 
semi-blind spectrum sensing method as well. 
The reason is, ED needs to know the noise 
variance in order to calculate the threshold of 
the method which is considered as a 
disadvantage for it. Any error in determining 
the noise variance effects the performance of 
this method that is studied in this paper. The 
biggest advantage of ED method is its 
simplicity among all other sensing methods 
which makes it unique in the sensing methods 
to be used in real life.  
 
The rest of paper is organized as follows. In 
section II, energy detection spectrum sensing 
method is described. In section III, simulation 

results and analysis is provided, followed by 
concluding remarks in section IV. 
 
ENERGY DETECTION SPECTRUM SENSING 

METHOD

Spectrum detection in cognitive radio systems 
has two hypotheses. Hypothesis H1 is when 
the primary user is using the spectrum and 
uses its spectrum allocated and hypothesis H0 
is when the primary user is absent and not 
using the spectrum allocated. Both hypothesis 
can be shown as follow: 
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where x(t) is the signal transmitted by the 
primary user, h is the gain of the channel 
signal is passing through, y(t) is the signal 
received by the cognitive radio detector and  
η(t) is additive white Gaussian noise (AWGN) 
that is assumed to be a stationary process 
satisfying variance of σ�� , E(η(t))=0 and E(η(t) 
η(t+τ))=0 for any τ � 0. The term h is the gain 
of the channel that effects the sent signal by 
the primary user is mostly modeled as 
Nakahami-m fading channels in cell sized 
environments. Nakagami-m fading channel 
can mathematically modeled as below? 
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Γ(.) is a gamma function  where Γ(1) = 1. The 
most known Rayleigh and Gaussian channels 
can be shown by Nakagami-m distribution 
also. If we consider m = 1, Nakagami fading 

channel becomes a Rayleigh channel and if m 
goes to infinity, Nakagami fading distribution 
becomes a Gaussian channel one. An analog 
energy detector is based on the normalized 
energy of the received signal by the receiver 
or detector. The normalized received signal 
energy is as follow: 
 

℮(t) = �� ∑ |����|�������  
 
Number of collected samples by detector is 
considered to be equal to N. Samples can be 
treated as a random process as the received 
signals are unknown. the sample transmitted 
signals follows an independent and identically 
distributed (i.i.d) random processes with zero 
mean and variance of σ�� [1], [8]. So that the 
received signal SNR in a channel with gain of 

h can be shown as α=|�|
����
��� . In the case that 

collected signals are large enough, using CLT, 
under hypothesis H0 , the probability density 
function (PDF) of ℮(t) becomes a normal 
distribution with mean = N���and variance = 
N���. The PDF of ℮(t) , under hypothesis H1 , 

it is a normal distribution with mean = 
N(1+α)��� and variance = (1+2α)N���. 
Considering the distributions above, the 
probability of false alarm (Pfa) and probability 
of detection (Pd) can be shown as [1], [7]: 
 

Pfa = prob(℮(Ns)> λ|H0) = Γ(u,��)/ Γ(u) = 
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Pd= prob(℮(Ns)> λ|H1) = Qu(√��,	√λ) = 

Q( ��	�|�|���������	
���|�|�����������

) 

 
In the IEEE802.22, Pfa is equal to 0.1 as 
minimum but generally for any Pfa we can 
calculate threshold based on Pfa as follow: 
 

λfa = �η2 (1+ √��
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√� ) 

 
In the case of hypothesis H1, we can calculate 
the threshold based on Pd for any signal to 
noise ratio (α) as follow: 
 

λd = �η2 (1+α)(1+ √��
������	
√� ) 

 
In ED based spectrum sensing method the 
threshold calculated based on Pfa is compared 
with the received signal to detect if the 
primary user is using the spectrum allocated 
or not. If the energy is bigger than the found 
threshold, the detector concludes the presence 
of the signal and absence in other case. The 
algorithm can be shown as follow: 
 
Algorithm 1 
Input  : λ, �η 

Output  : Ri 
1: for each sensing period do 
2: ℮(t)  Energy of the N samples 
3: if ℮(t) >  λ then 
4: Ri  H1 
5: else 
6: Ri  H0 
7: return Ri 
8: end for 
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threshold energy detection (DTED) [7] and 
[11], Matched filtering [3], Wavelet Based 
detection [10], cyclostationary detection [4] 
and covariance based spectrum sensing 
methods [5-6]. Each of these sensing methods 
have different advantages, disadvantages and 
different parameters to detect the presence of 
signal. For example, cyclostationary spectrum 
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Q( ��	��� 	
�������

) 

Pd= prob(℮(Ns)> λ|H1) = Qu(√��,	√λ) = 

Q( ��	�|�|���������	
���|�|�����������

) 

 
In the IEEE802.22, Pfa is equal to 0.1 as 
minimum but generally for any Pfa we can 
calculate threshold based on Pfa as follow: 
 

λfa = �η2 (1+ √��
�������	
√� ) 

 
In the case of hypothesis H1, we can calculate 
the threshold based on Pd for any signal to 
noise ratio (α) as follow: 
 

λd = �η2 (1+α)(1+ √��
������	
√� ) 

 
In ED based spectrum sensing method the 
threshold calculated based on Pfa is compared 
with the received signal to detect if the 
primary user is using the spectrum allocated 
or not. If the energy is bigger than the found 
threshold, the detector concludes the presence 
of the signal and absence in other case. The 
algorithm can be shown as follow: 
 
Algorithm 1 
Input  : λ, �η 

Output  : Ri 
1: for each sensing period do 
2: ℮(t)  Energy of the N samples 
3: if ℮(t) >  λ then 
4: Ri  H1 
5: else 
6: Ri  H0 
7: return Ri 
8: end for 
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ED sensing method is a semi blind spectrum 
sensing method. It is called semi blind as for 
measuring the threshold, instead of the Pfa, it 
needs the variance of noise also. Measuring 
the exact variance of noise is not possible 
mainly and there could be some error in the 
calculation. Assume that ζ dB is the error 
accrued in noise estimation. θ = 10ζ/10 is the 
power of the error so that Pfa and Pd can be 
calculated as: 
 

Pfa = prob(T(Ns)> λ|H0) = Γ(u,��� )/ Γ(u) 

Pd= prob(T(Ns)> λ|H1)  = Qu(√��,��√λ) 
 

SIMULATION RESULTS AND ANALYSIS

In this section, a Monte-Carlo simulation 
model is developed in MATLAB software 
with QPSK modulated random primary 
signals and i.i.d noise samples with Gaussian 
distribution are used. It is assumed that the 
channel is stable and doesn’t change during 
the period of sampling. To calculate the 
sensing threshold, only the noise variance and 
Pfa is needed for ED spectrum sensing 
algorithm. The probability of false alarm is Pfa 

≤ 0.1and probability of detection is Pd > 0.9 as 
required by IEEE 802.22 standard. Pfa is 
chosen as 0.1 in the simulations and results are 
averaged over 104 tests. The SNR is chosen 
between -15 and +5 dBs and noise variances 
are 1 and 2 dBs. Figure 1 shows the 
performance of ED sensing in different 
channels. As mentioned earlier as the m goes 
to infinity the channels distribution function 
gets nearer to Gaussian channel and if the 
m=1, the Nakagami-m channels gets the same 
distribution function as Rayleigh fading 

channel. The Gaussian channel has the best 
performance and Rayleigh fading has the 
worst performance among Nakagami-m 
fading channels. In Figure 2 shows the 
performance in Gaussian channel with noise 
uncertainty of 0, 0.5, 1, 1.5 and 2dBs. The ED 
sensing algorithm has the best performance 
among other sensing methods but its 
performance is very dependent to noise 
uncertainty. As the uncertainty of noise gets 
higher, the performance of the ED sensing 
algorithm gets worth as it effects the 
threshold. Figure 3 shows the performance of 
ED sensing is shown in Rayleigh channel with 
noise uncertainty of 0, 0.5, 1, 1.5 and 2dBs. In 
figure 4 The performance of ED is compared 
with DTED sensing method with RAC = 0.5, 
MME and EME. DTED has a better 
performance in high SNRs but its 
performance highly decreases in lower SNRs. 
MME and EME are not dependent to noise 
variance but as can be seen have worth 
performance compared to ED with exact 
calculation of noise variance. 
 

 
Figure 1.ED sensing method performance of 
QPSK in Gaussian, Rayleigh and Nakagami-

m fading channels with m=1,2and 15 

 
Figure 2. ED sensing method performance 

with 0, 0.5, 1, 1.5 and 2dB noise uncertainty 
(NU) of QPSK in Gaussian channel 

 
Figure 3. ED sensing method performance 

with 0, 0.5, 1, 1.5 and 2dB noise uncertainty 
(NU) of QPSK in Rayleigh channel 

 
Figure 4. ED, DTED, MME and EME 

sensing method performance comparison of 
QPSK modulation in Gaussian channel 

 
 
 

CONCLUSION

Energy detection sensing method has the best 
performance in different Nakagami-m 
channels among semi blind and blind 
spectrum sensing methods. Double threshold 
energy detection has better performance 
compared to ED but in low SNRs, because of 
loss of information, its performance is highly 
lower than the ED sensing method. MME and 
EME are the most popular sensing methods in 
covariance based spectrum sensing method. 
These are blind spectrum sensing methods 
that the threshold needs only the value defined 
for Pfa. The only drawback of the ED is its 
threshold dependence to noise variance. In the 
case of noise uncertainty, as shown in the 
simulation results and simulation section, its 
performance decrease in a way that it becomes 
non reliable. So in a case that ED sensing 
method is planned to use in an environment, 
noise measurement error in that environment 
should be considered in the evaluation of the 
performance of this method. The research 
findings help to understand the parameters 
should be considered in using an energy 
detection based spectrum sensing method in 
an environment which effects the its 
performance. 
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chosen as 0.1 in the simulations and results are 
averaged over 104 tests. The SNR is chosen 
between -15 and +5 dBs and noise variances 
are 1 and 2 dBs. Figure 1 shows the 
performance of ED sensing in different 
channels. As mentioned earlier as the m goes 
to infinity the channels distribution function 
gets nearer to Gaussian channel and if the 
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among other sensing methods but its 
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higher, the performance of the ED sensing 
algorithm gets worth as it effects the 
threshold. Figure 3 shows the performance of 
ED sensing is shown in Rayleigh channel with 
noise uncertainty of 0, 0.5, 1, 1.5 and 2dBs. In 
figure 4 The performance of ED is compared 
with DTED sensing method with RAC = 0.5, 
MME and EME. DTED has a better 
performance in high SNRs but its 
performance highly decreases in lower SNRs. 
MME and EME are not dependent to noise 
variance but as can be seen have worth 
performance compared to ED with exact 
calculation of noise variance. 
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1. Introduction
Beginning of the development of computer 
technology and after accelerated the 
development in graphics. In order to 
understand the development in computer 
technology and informatics, digitization 
should be comprehended first. Digitization 
is a process that forms the basis of IT 
and computer technologies. With the 
“Mathematical Theory of Communication” 
Shannon-Weaver put forward in 1948 for the 
first time, communication was expressed by 
means of 0 and 1 and the way of digitalization 
in communication emerged. Expression of the 
systems by 0 and 1 constitutes the basis of IT 
and computer technologies. Advances in 

computer technology have led to proliferation 
of animation applications. First training 
and practice on the animation began to be 
undertaken in Turkey in the 1950s. At that 
time, animation had not been represented 
sufficiently in the cinema and the arts sector 
due to reasons such as high investment costs, 
requiring much struggle and team work. 
Animation which has much represented 
in advertising sector in the coming years 
has also begun to be used for educational 
purposes in a widespread manner. It is seen 
that the developments in technology and 
communication has increased the importance 
of digitization concept in Turkey after 1980. 
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These new approaches influencing art and 
artists revealed new techniques and searches 
other than familiar methods and practices in 
teaching. This helped the educators to access 
many resources, knowledge, and images 
around the world and educators have begun to 
express many existing objects or phenomena 
in their works by using the new expression 
languages. Animation has become an important 
means of expression by which technology 
and digital-based studies are produced, 
extraordinary expressions are designed and 
demonstrated and many different expressions 
and forms like these can be achieved for 
education. Animation, as a branch of art we 
find the first samples in the 1900s, has been 
used for different purposes for over a hundred 
years. In this context, animation emerges as 
an innovative method in education.

2. Animation Techniques 
The initial samples of animation began to be 
produced in the early 1900s, and for nearly 
100 years, animation art, being implemented 
for different purposes, has been improved with 
new techniques and methods in conjunction 
with changes and advances in technology. As 
an example, internet had such an importance in 
animation technology and as it was scattered 
all around the world, web animation gained 
popularity.

In 1989, CompuServe released GIF89A, an 
enhanced version of popular GIF image format 
which allowed a sequence of frames to be 
stored as a single image played by supporting 
software.  The GIF format became popular 
due to its small fill size, lossless compression, 
and wide support. In addition to GIFs, browser 
vendor’s added support for proprietary HTML 
elements that handled animation natively, such 
as new elements, was added to system.  By 
late 1990s, Dynamic HTML (DHTML) was 

developed which allowed scripting languages 
to modify the contents of a page after the page 
was loaded (Wellman, 2011). Nowadays, 
animation is used in accordance with many 
different disciplines such as engineering, 
health, construction and advertising. 
Animation, considering the most common 
techniques, is classified into three groups in 
this paper which are traditional animation 
technique, stop-motion animation technique, 
computer aided animation technique and other 
animation techniques.  

2.1.1 Cell Animation Technique
Traditional animation gathers attention among 
animation techniques as a known and applied 
technique. Traditional animation is also 
named as classic animation or cell animation. 
Cell animation is the implementation of 
bringing several layers that is cells together 
in sequence. Cells are drawn on transparent 
paper manually by animation artists. Each cell 
represents different scenes or objects that are 
used in animation (Sandrew Barry, Hamby, 
1990). Cell animation is created upon the 
principles that 24 frames per second will pass 
in sequence and two successive images must 
be almost same. The first movement and the 
last movement are named as the main action. 
Cell animation is done by using transparent 
papers in standard sizes perforated according 
to the pins on the lighted table. To ensure the 
overlapping of movements on the drawing 
corners of papers are marked with “cross” (+). 
For a movement of 1 second, 12 pictures are 
drawn beginning from the main action and by 
the inverted repeat of the movement 24 frames 
are reached. After completion of the main 
and intermediary movement drawings, the 
act validity and compliance with background 
are checked. (Kahraman, quoted from Tezcan 
2013, 70)
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1.1.2 Stop-Motion Animation Technique
Stop-motion animation is the process of 
photographing any moveable object in the 
form of subsequent frames and constructing to 
complement each other. Many object images 
are set as digital or analog across the camera 
in this technique. Stop-motion animation 
technique is generally to give the impression 
of moving to stationary objects. The second 
movement is shot after the previous movement. 
After the obtained images are assembled, 
image occurs.

Stop motion animation is created by fast 
flowing of so many frames like puppets or 
etc. (Kahraman, quoted from Yildiz, 2013, 
74). Stop-motion animation is one of the most 
demanding animation techniques requires to 
be worked on meticulously. Even the simplest 
applications that will be prepared with stop-
motion animation technique require patience 
and precision (Barry 2010, 7).

The first movie shot with stop-motion 
animation technique is “The Humpty Dumpty 
Circus (1897, USA)”. Albert E. Smith, who 
used acrobats and animal toys in the film, 
made the toys moved in every scene and 
completed the film. (Guinness World Records, 
10.04.2015). Today, animation artists like 
Adam Elliot, Tim Burton, and Will Vinton 
perform animation works with this technique.

1.1.3 Computer Aided Animation 
Technique
Computer aided animation, in general, is the 
process of creating visual effects and imposing 
motion by using graphic tools in computers 
(Doyle, 2001, p. 30). Advances in computer 
technology, being reflected in the animation 
concept, have facilitated and popularized the 
animation applications created by computers. 
Opportunities to merge real images, graphics, 

texts, real sound and animations especially 
with computers in which the multimedia 
technologies are integrated provide many 
benefits to use animation interdisciplinary. 
The first developments of computer-aided 
animation date back to the 1970s. The works 
carried out by Ivan Sutherland, Dave Evans 
and Ed Catmull at the University of Utah were 
providing innovative methods such as texture 
mapping, that is wrapping onto a three-
dimensional object. Catmull continued to work 
as a computer graphics lab manager in New 
York Institute of Technology (NYIT) in 1974 
due to reason that adequate resources were not 
provided in the University of Utah. Catmull 
focusing on the 2-D animation in New York 
Institute of Technology (NYIT) developed a 
tool named as “Tween”. This tool was used to 
draw frames added intermediary from one key 
to another. NYIT also presented “scanning 
and coloring system” on the drawings. This 
system was developed later and formed into 
Disney’s Computer Animation Production 
System (CAPS).

In 1976, James Blinn from Jet Propulsion 
Laboratory brought new variations on 
texture mapping technique and the technique 
called bump mapping made possible to coat 
dented surfaces on the computer. By 1980s, 
researches on computer aided animation 
showed an increase and technology-based 
project producers such as Lucas film, Pixar, 
Disney, Dreamworks, and so on produced 
innovative works other than the universities. 
In 1989, an animated film called Knick Knack, 
a film about the life of people in the glacier 
world, has won an Oscar for the first time. 
(Whitehead 2012, 124-125). We can say that 
the computer aided animation is a demanded 
animation technique today and it has several 
applications for different disciplines. 
Computer aided animation technique is also 
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being used in many areas out of the art such as 
medical technologies, medicine, engineering, 
institutions and organizations working 
technology-based, education, and so on.

1.1.4 Other Animation Techniques
Although traditional animation (classical 
animation or cell animation), stop-motion 
animation and computer-aided animation are 
mentioned as the most commonly utilized 
techniques when the animation techniques are 
classified, less represented techniques can be 
evaluated under the title of other animation 
techniques.

Paint-on- glass animation, pinscreen 
animation (the applications made on the 
nails), drawn-on-film animation, and sand 
animation can be evaluated as other animation 
techniques. (Kahraman 2013, 95). Paint-on-
glass animation is based on the principles 
of animation artist’s application of different 
painting techniques onto the glass and the 
movement of and changing images. Pinscreen 
animation can be described as recording the 
effects of hundreds of nails generate on the 
platform through the camera. Drawn-on-film 
animation is also known as animation without 
camera or direct animation. Length images are 
created directly on the film stock in contrast to 
other types of animation techniques in which 
images or objects are photographed frame by 
frame with an animation camera. Since the 
area used in these works is relatively small, it is 
used for limited drawings (Kahraman, quoted 
from Taylor 2013, 96). Animation through 
sand composes of varying objects animation 
artist created on the sand. It is not a common 
animation technique used for demonstration 
purposes. Changing drawings on the sand 
can reach the visual aesthetic levels to arouse 
viewers’ admiration.

3. Using Computer Aided Animation for 
Educable Mentally Retarded Children
Individuals with mental retardation have, by 
definition, limited intellectual development 
with concurrent deficits in adaptive areas such 
as communication, self-care, home living, 
social skills, community use, self-direction, 
health and safety, functional academics leisure 
with an onset before the age of 18 years. 
Persons identified as mentally retarded are 
often not learning the same things at the same 
rate as persons who are typically developing. 
Like anyone, they have same desires, anxieties, 
aspirations and frustrations but they may not 
express those desires or articulate what they 
need adequately.  

Table  1. Five Assumptions Essential for the 
Application of the Definition

1

Limitations in present 
functioning must be 

considered within the 
context of community 

environments typical of the 
individual’s age peers and 

culture

2

Valid assessment 
considers cultural and 
linguistic diversity as 
well as differences in 

communications, sensory, 
motor and behavioral 

factors

3
Within and individual, 

limitations often coexist with 
strengths

4

An important purpose of 
describing limitations is to 
develop a profile of needed 

supports

5

With appropriate 
personalized supports over 
a sustained period, the life 
functioning of the person 
with mental retardation 
generally will improve

Source: Luckasson et al., 2002
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The level of obeying instructions and support 
they need are used to characterize persons 
with mental retardation. The cause or type 
of disorder, the availability of training or 
instructional technology and the ability of 
early intervention are combined to determine 
ability levels. Many individuals with mental 
retardation do or can develop capabilities in 
some areas. Other individuals have pervasive 
disorders in many life areas that remain 
underdeveloped. However, mental retardation 
is not considered as a curable or time – limited 
disability. The condition, by definition, 
continues throughout the person’s lifetime 
(Werts, Culatta, Tompkins, 2007).

Educable mentally retarded people cover 
the lightest group among the three groups 
of people with mental disabilities related to 
the intelligence points they have. Educable 
mentally retarded children are children with 
IQ scores of 50-70 and limited academic skills 
and they are more active in the areas such as 
cognitive, functional, self-care, basic skills 
and academic skills, social adjustment and so 
on compared to trainable and severe mentally 
retarded children.

Today, many studies are performed to develop 
mentally disabled children’s skills. In 2010, 
one province each from the east and west of 
Turkey was determined and a research was 
conducted to measure the level of ability to 
relate auditory perception with visual elements 
of educable mentally retarded children with 
birth ages between 7 to 11 (Yilma, 2010). 
The study involved 50 educable mentally 
retarded children. Five tests are offered each 
consisting of 10 questions, printed in color 
on an A4 paper, with 2 and 3 options. Each 
question played a different sound; the child 
was expected to mark the relevant image. In 
other words, test questions are given in the 

form of music and the answers are given in 
the form of images. The result obtained from 
the Environmental Sounds Test, third of the 
applied tests, is as follows:

Table  2. Images and Sounds in the 
Environmental Sounds Test 

Options and 
Images

Played 
Sound 

Expected 
Answer

Question 
1

a) Dog
b) Bird
c) Laughing 

Baby

Bird Sound  Option “b” 

Question  
2

a) Cat
b) Cow
c) Girls 

Swimming 
in the Sea

Cat Sound Option “a” 

Question  
3

a) Clock
b) Crying 

Baby 
c) Bell

Bell Sound Option “c” 

Question  
4

a) Dog 
b) Drum
c) Helicopter

Dog Sound Option “a” 

Question  
5

a) Cow 
b) Laughing 

Baby
c) Cat 

Baby Sound Option “b” 

Question  
6

a) Clock
b) Harmonica
c) Traffic

Clock 
Sound

Option “a” 

Question  
7

a) Bird
b) Donkey
c) Flute

Donkey 
Sound

Option “b” 

Question  
8

a) Sea
b) Piano
c) Clock

Sea Option “a” 

Question  
9

a) Donkey
b) Cow
c) Drum 

Cow Option “b” 

Question  
10

a) Bird
b) Violin
c) Helicopter

Helicopter Option “c” 
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Table 3. Results of Environmental 
Sounds Test

N Min. Max. Mean S.s K-S

Environmental_
Sounds 50 2,000 10,000 7,900 1,961 0,090

According to Table 2, distribution of educable 
mentally retarded children’s visual perception 
of environmental sounds shows their response 
to 8 from 10 environmental sounds they 
listen to. In other words, it can be said that an 
above average significant difference is found 
in the images they match in accordance with 
the sounds they listen to. Children answered 
correctly to 8 of 10 questions in average. Also, 
it was observed that educable mentally retarded 
children try to make sounds and imitate 
various sounds like the environmental sounds 
they listened during this test. (Example: bird 
sound, bird imitations, uttering like the birds; 
the sound of a helicopter, flying behavior, 
uttering like the helicopter; the sound of cow, 
uttering like a cow etc.).

Table 4. Distribution of Environmental 
Sounds Test According to Ages of Educable 

Mentally Retarded Children 

Dependent 
Variable

(I) 
Age

(J) 
Age

Difference 
of Means 
(I-J)

Std. 
Error p

7

8 -0,792 0,882 0,896

9 -1,829 0,898 0,266

10 -2,505 0,855 0,040

11 -0,762 0,919 0,920

8

7 0,792 0,882 0,896

9 -1,036 0,797 0,692

10 -1,713 0,747 0,166

11 0,030 0,819 1,000

9

7 1,829 0,898 0,266

8 1,036 0,797 0,692

10 -0,677 0,767 0,902

11 1,067 0,838 0,709

10

7 2,505 0,855 0,040

8 1,713 0,747 0,166

9 0,677 0,767 0,902

11 1,744 0,791 0,196

11

7 0,762 0,919 0,920

8 -0,030 0,819 1,000

9 -1,067 0,838 0,709

10 -1,744 0,791 0,196

According to Tukey’s test results, the different 
responses of educable mentally retarded 
children between 7 to 11 years of age to 
environmental sounds test according to their 
ages are seen in Table 3. Accordingly, it is 
seen that 10-year-old educable mentally 
retarded children’s musical perception 
associated with environmental sounds is 
higher than the 7-year-old educable mentally 
retarded children’s musical perception of 
environmental sounds (p <0.05).

4. An Auditory and Visual Perception 
Correlation Analysis Application for 
Educable Mentally Retarded Children 
Based on the results obtained in 2010, a 
computer-based digital media module was 
created. As a digital teaching material, 
modules are configured in four different types. 
Each module involves a different topic such 
as soundscape, beat perception, identification 
of musical instruments and environmental 
sounds. They also contain original sound 
effects and images. To create images Photoshop 
CS4 software was used. Images, computerized 
with scanner, are colorized with Photoshop 
CS4. Colors are descriptive facts in design 
of images which are vivid and catchy. So, it 
can be said that by images educable mentally 
retarded children’s visual perception can be 
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measured. Sounds also play an important role 
in the perception of subjects other than the 
image in the modules. The objective here is to 
be able to hear recognize the sounds recorded 
by voice recorder (unprocessed) and to match 
them with the images exist in our daily lives 
and shown on the computer screen. The true - 
false cases of the answers / options preferred 
will be identified with sound effects. If the 
answer is correct applause and a green screen, 
and if the answer is incorrect negative sound 
effects and red screen are thought to be. When 
students or music instructors click on the 
image, sound effects will play.

Elements that must be included in a teaching 
material such as target, gain, content, and 
evaluation exist in the proposal of digital 
teaching material prepared for the educable 
mentally retarded children’s special training 
music lessons. According to this, each module 
has a name, a subject and gain. Module names 
are divided into two sub-groups, and humans, 
animals, musical instruments, environmental 
sounds, vehicles, weather conditions are 
presented with sounds and visuals to the 
students through each title. This section 
consisting of 10 samples composes the 
introduction (content) part of the module. Each 
module has a measurement and evaluation 
part. A 10-questioned, each question with 
two options, mini quiz is applied related to 
the subject of the relevant module. Modules 
end with an animation clip related to the 
topic considered as a reinforcement tool. 1-2 
minute rhyme written in the form of a song, 
and a character drawn by 2D / 3D animation 
technology are planned to help treating the 
subject of the relevant module.

All of the modules in a work environment will 
be accompanied by a music teacher. Teacher 
will play an issue handler role in 1st and 2nd 

Sections of the module. Teachers can define 
and talk on the image incoming with the audio 
when the corresponding the image is clicked. 
In the assessment and evaluation part, they 
can ask question/ questions of “Which image 
is the expression of the sound we hear?” to 
focus the student’s attention. Teachers play a 
narrator role here. Modules must be conducted 
in a one by one working environment with a 
music teacher and a special education teacher.                                         

4.1. Technical Structure 
This program is an executable PC program 
which is designed to work on a PC. The 
project is created by using .Net architecture 
and programing language. As database 
management system MSSql is preferred 
and special reporting prepared in Microsoft 
Reporting.

4.2. Technical Properties
This program consists of four technical 
modules basically. These are:
1. Image Processing Engine
- It defines the infrastructure of system 
- It provides all visual and auditory items 

to be managed by operator. And it also 
provides to be played in calculating times.

- It is for management of all visual and 
auditory processes

2. Designing Module (Figure 1)
- It provides anything shown on system 

such as images, sounds and writings step 
by step.

- It provides to prepare parameters that 
every object can get a chance for educable 
mentally retarded children

- In the last of impression, it provides 
quantification questions for the analytical 
results.

- It provides a modular notation and a 
testing structure (Figure 2).
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3. Display Module
- It provides showing visual and auditory 

images chosen in design module (Figure 
3).

- It provides assessment and evaluation 
of testing on educable mentally retarded 
children (Figure 4).

- It provides compiled demographical 
properties for educable mentally retarded 
children.

4. Reporting Module
- Monitors the assessment results of visual 

and auditory elements.
- Operating to decision support systems.

Figure 1. Designing Module

4.3 Utilization Targets
- The operator can create a plan for educable 

mentally retarded children with visual and 
audio elements.

- The operator can put in to place the 
impression plan and make the analysis of 
the questions.

- Modules of generated plan are utilized 
within the structure (Figure 2).

Figure 2. Modules Home Page

- A test can be prepared to analyze the 
educable mentally retarded children at the 
end of each module.

- Prepared modules can be shown to 
educable mentally retarded children 
(Figure 3).

Figure 3. Visual and Audio Presentation 
Module (Sample Module 1/Cat)

- Applying the prepared tests on educable 
mentally retarded children (Figure 4).

Figure 4. Module Test Screen



1115INTERNATIONAL JOURNAL OF ELECTRONICS, MECHANICAL AND MECHATRONICS ENGINEERING Vol.6 Num.1 - 2016 (1107-1116)

Turan SAĞER, Günsu YILMA ŞAKALAR, Bahadır UÇAN

- Each module and test can be of multiple 
implementation 

- It can preserve the personal details about 
educable mentally retarded children.

- It can perform an analyzed data with all 
input parameters (Figure 5).

Figure 5. Analysis of Modules
 
5. Conclusion and Suggestions 
Studies to examine the level of ability to 
associate the visual elements with educable 
mentally retarded children’s auditory 
perception contribute significantly to the 
development of their auditory and visual 
perception. The image of which sound is heard 
can place longer in the memory of educable 
mentally retarded children through sounds 
heard. Vocal and visual stimuli can provide 
convenience to their lives. For example, to 
teach tap image through tap sound may help 
the use of tap at home. 

Such studies carried out can also improve the 
matching skills of educable mentally retarded 
children. It can be presented as a kind of 
educational- tutorial game material with a 
variety of matching games.

Environmental sensitivity, as in every child, 
is a vital condition for educable mentally 
retarded children. Recognizing things around 
us associating with sounds plays a more 
important role in memory and makes it easier 

to learn, recognize anything. Therefore, 
things known are approached differently. 
Thus, educable mentally retarded children 
around may be more sensitive individuals 
who can recognize the environment, and they 
can develop social harmony skills with such 
studies.

Such study created digitally, in terms of ease 
of use, makes the educable mentally retarded 
children’s education easier. Modules designed 
for special education teachers as a digital 
training material can also be used in special 
education. The courses can be more effective 
and fun. They can make differences in their 
lives.
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1. Introduction
It is known that the vehicles are exposed to 
vibration because of roughness of the roads 
and design of the chassis together with engine 
components. As a result of these negativities 
affecting the vibration, significant damages 
occur in human body and mental health. The 
vibration isolation is of great importance 
for the vehicles. Depending on the material 
used in vehicle and seat design, the vibration 
forces reach at the passengers. Despite of the 
utilization of on-vehicle damping systems in 
order to decrease these forces, the amount 

of vibration cannot be decreased to desired 
levels. A study on vibration and movement has 
been carried out. In that study, the vibration 
has been classified as whole-body vibration 
and hand-arm vibration [1]. A detailed study 
emphasizing the effects of certain model 
parameters related to vibration response 
characteristics of the seat-dummy system 
has been carried out, and that study has been 
carried out on model parameters ranging 
within natural frequencies, mode types in 
frequency response ranges, and resonance 

Investigation of Vibration Damping in the Passenger Seat 
Constructions

Lütfiye DAHİL1

Abdurrahman KARABULUT2

Osman Nuri UÇAN3

Abstract
Under the lights of scientific studies, it is known that the vibration has significant effects on living 
creatures and non-living things. Human body faces with many different vibrations daily. The aim 
of this study is to provide comfortable and healthy travel by decreasing the vibration coming 
from the chassis of the intercity buses and to protect the feet of the passengers from vibration-
based threats by producing the amortization in footboards of the seats in harmony with developing 
technology. In existing vehicles, the leg constructions of the seats are in rigid structure. For this 
purpose, the experimental modal analysis has been carried out by utilizing impact test method. 
These measurements were firstly taken as a whole once the legs were mounted on the seat. Then 
the measurements were carried out only on the legs. As a result of experimental modal analysis, 
for both of the legs, the FRF (Frequency Response Function) graphics in X, Y and Z directions and 
the damping rates were obtained. By comparing these graphics and damping rates for both of the 
legs, the result was obtained. As a result of the experimental studies, it has been observed that the 
casting legs have decreased the vibration on passenger by damping it more than original legs do.

Keywords: vibration, modal analysis, damping, car seat

1 Istanbul Aydın University, Mühendislik Fakültesi, Makine Mühendisliği, lutfiyedahil@aydin.edu.tr
2 Afyon Kocatepe University, Teknoloji Fakültesi, Makine Mühendisliği, akarabulut@aku.edu.tr
3 Istanbul Aydın University, Mühendislik Fakültesi, Makine Mühendisliği, uosman@aydin.edu.tr



1118

Investigation of Vibration Damping in the Passenger Seat Constructions

locations [2]. From the aspect of ergonomics, 
the factors affecting the driver of the vehicle 
(truck, tractor, car, and etc.) are noise, dust, 
exhaust gas, temperature (coldness or heat), 
allocation of control organs, and in-vehicle 
vibrations, respectively. The most important 
one among them is observed to be the in-
vehicle vibrations [3]. 

Via many studies, it has been determined 
that the reason of the spinal defects is the 
vibrations transmitted from the vehicle to the 
driver. For example; in a clinic study on a 
driver spending more than his working hours 
on driving vehicle, it has been revealed that he 
complained about back pains more than other 
pains [4, 5, 6]. The medical and biological 
effect of the vibration depends mostly on the 
amplitude and the duration of exposure. The 
frequency of the vibration having significant 
effect on human body is between 1 Hz and 
100 Hz [7]. Vibration leads to increase in 
deformation of some tissues in body, increase 
in respiration rate, higher energy consumption, 
increase in oxygen consumption, higher heart 
rates, increase in blood pressure, decrease in 
performance, and it also affects the central 
nervous system. When exposed to low-
frequency vibrations, people feel concussion. 
But, on the other hand, they feel tingling and 
even burning when exposed to high-frequency 
vibrations [8]. 

The isolation systems of the tractor seats were 
examined, and it has been concluded that 
the damped natural frequencies of the seats 
were high, that the damping rates were not 
adequate, and that it is required to eliminate 
the dry fiction occurring between the plaque 
of the driver seat connected to tractor and the 
mobile part during vertical movement [9]. 
The damping coefficient in porous material 
depends on the pores. The more the number of 

pores is, the more damping there is [10].  The 
aim of this study is to ensure the comfortable 
and healthy journeys of passengers. In order 
to do it, the seat legs made of porous material 
have been manufactured via vacuum method. 
These legs have improved the damping, and 
decreased the vibration reaching to the feet of 
passengers. 

Since this material will act as a damping 
element because of its properties, it will filtrate 
some of the forces coming to the material 
gap. It would protect the passenger from the 
vibration in this way. 

2. Material and Method
The measurements were executed via FRF 
measurements at the junction points of the 
legs with floor and the connection points of 
the legs with seat structure. In order to obtain 
the FRF, utilization of “Impact Test” method 
was found to be appropriate. In Impact Test 
method, the input (stimulation) is applied on 
the structure via the impact hammer, and the 
response is measure via accelerometer. The 
FRF obtained in this way indicates to what 
extend the input will transform into vibration 
within the structure. Almost every peak in 
FRF graphics corresponds to the resonance 
frequency (natural frequency). By comparing 
the obtained FRF, the information about the 
dynamic behaviors between the leg types was 
obtained. Since the stimulation effects to come 
to the seat will occur at the point of connection 
of the seat with floor, these points were 
selected to be the points where the stimulation 
will be implemented during measurement. 
The points where the vibrations coming from 
the floor will be transmitted directly to the 
passenger (connection points between the legs 
and seat structure) were determined to be the 
response points. The free-free conditions were 
ensures as well as possible before the tests. 
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The data was gathered from the seat via 2 
accelerometers having 3 axes. The stimulation 
is provided from the bolt holes where the legs 
are mounted on the floor.

                              

a) response points 

                                                  
b) shot points with a hammer

Figure 1. The stimulation and acceleration 
measurement points on the legs

The points where the accelerometers are 
connected to and the locations of stimulation 
points are demonstrated in Figure 1. “C” points 
are the points where the accelerometers are 
connected, and the “T” points are the points 
where the stimulation is applied. In modal 
test, more than 2 points must be measured. 
The accelerometers were connected to the 
mentioned points tightly via adhesives. The 
Cartesian coordinates were established.

3. Discussion and Results
The changes in stimulation and response points 
lead to changes in frequencies and amplitude 
values in FRF graphics. From the change in 
amplitude values, it is seen that the actual 
mode frequency overstrains the part.The force 
has been applied on points remarked with T 
for each foot, and then the acceleration has 
been measured at the points remarked with C 
corresponding to that force.

In order to obtain a FRF graphic, 5 hammer 
impacts have been applied on each of 
stimulation points, and the mean of these 5 
FRF graphics were taken. 

Figure 2. FRF graphic of seat-original leg in 
0-1000 Hz range

In Figure 2, the resonance frequencies of the 
original leg are presented. The leg resonated 
for 9 times in 0-1000 Hz frequency range. It has 
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no effect on seat damping in high frequencies. 
In Table 1, the damping points of each of the 
resonance frequencies are presented. The 
damping rate of each of the mods is different.
                                                      

Table 1. Original leg mode frequencies 
and damping rates    

Mode
Mode 
Frequency 
[Hz]

Damping Rate

1 139.755 
±0.0102 0.25 ±0.006

2 440.508 
±0.0158 0.34 ±0.003

3 497.374 
±0.0149 0.35 ±0.003

4 617.276 
±0.0106 0.57 ±0.002

5 835.665 
±0.0196 0.20 ±0.002

      
      The damping rate in Mode 1 is shown to be 
0.25. While the first mode ends the movement 
of the object, the damping rate of 0.25 tries 
to stop the movement of the object. Different 
damping rates were determined for each of 
resonance frequency values. 

Figure 3. FRF graphic of seat-casting 
leg in 0-1000 Hz range

      

The casting legs manufactured from aluminum 
material via vacuum casting method show 
dynamic properties different from others. In 
Figure 3, the FRF graphic of casting leg is 
presented. It resonates at 175 Hz, 299 Hz, 
340 Hz, 540 Hz and 795 Hz. The resonance-
mode frequencies are at the peak points of 
the graphic. First mode is seen at 175 Hz. 
The first peak couldn’t be evaluated to be a 
resonance since it is very close to zero. The 
peak at the frequency values close to zero 
occurs in dynamic of the part. The first peak is 
not seen when mounted. The damping rates of 
resonance-mode frequencies of casting leg are 
presented in Table 2.

Table 2. Casting leg mode frequencies 
and damping rates

Mode Mode Frequency 
[Hz] Damping Rate

1 175.301 ±0.0337 0.68 ±0.018

2 299.684 ±0.0630 1.10 ±0.019

3 340.677 ±0.0944 0.30 ±0.027

4 540.774 ±0.0536 0.30 ±0.009

5 795.436 ±0.0253 0.42 ±0.003

     
Considering the damping rates, it is seen that 
the damping in first 2 modes is much better 
than that in marginal leg. While there are very 
close values in third mode, the original leg’s 
damping is better in fourth mode, and casting 
leg show better damping property in fifth 
mode. Particularly the natural frequencies 
of the casting leg are lower than natural 
frequencies of original leg. 

It will be tried to control the vibration damping 
in most important direction throughout the 
shifting of the seat, “z” direction, and the shift 
of the seat. The most effective amplitude of 
the vibration disturbing people in vehicles 
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occurs in vertical direction. Despite that, there 
is a certain amount of shifting in “x” and “y” 
axes. These values are utilized in general 
design of the cars. The separate examinations 
were executed for each of 3 axes. Since the 
frequency range, in which the human body feels 
discomfort, is up to 100 Hz, the examinations 
were executed in 0-100 Hz range. Since the 
legs’ dynamic behaviors show difference in 
FRF graphics, the examinations were executed 
within certain frequency ranges.

      20-45 Hz range 1st Band
      45-100 Hz range 2nd Band

Figure 4. FRF graphic in direction 
of x-axis in 0-100 range

It is seen in Figure 4 that it has postponed the 
1st mode of original leg to higher frequencies, 
that it has increased the damping rates for 
1st mode, and that it has led to improvement 
from this aspect. It has also been observed 
that it hasn’t led to any improvement useful 
for 2nd mode of original leg, that it has made 
damping worse, and that it has postponed the 
mode to slightly lower frequencies. It has 
been observed that it provided improvements 
in second band by increasing the rates of 
damping in proportion to original leg. It has 
been seen in original leg that the decreases 
occurred in modes in high frequencies (45-100 
Hz range) and there occurred improvements 
from this aspect.

Figure 5. FRF graphic in direction 
of y-axis in 0-100 range

As seen in Figure 5, it has been observed that 
it postponed the 1st mode in original band to 
higher frequencies, and that it led to a little 
increase in damping rates for 1st mode.

Within 45-100 Hz range, it has been seen that 
it created dominant modes at 74 and 78 Hz 
in proportion to original leg. In proportion to 
original leg, the improvements were observed 
in damping rates, and there occurred the 
improvements from this aspect.

 

Figure 6. FRF graphic in direction 
of z-axis in 0-100 range

As seen in Figure 6, it has led to an improvement 
by postponing the 1st mode in the original leg 
at 1st band to higher frequencies, but it hasn’t 
created any improvement for 2nd mode but 
made the damping worse. It has been observed 
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that it largely decreased the damping rates 
within 45-100 Hz range, and it hasn’t led to an 
improvement from this aspect. It has been seen 
that it decreased the modes which occurred in 
original leg at high frequencies, and so it has 
led to improvement from this aspect. 

4. Conclusion
As seen in FRF graphics; while the amplitude 
levels are low in certain frequencies, they reach 
very high amplitudes (peak points) at certain 
frequencies. The force implemented at these 
special frequency points, where the amplitudes 
peak, transforms more into vibration within the 
structure. The special frequency values, where 
the structure exhibit higher reactions against 
the implemented force, correspond to natural 
frequencies of the structure. Considering the 
lower frequencies, it is seen in the graphics 
that the casting leg would work better, while it 
is seen that the original leg would work better 
while considering the higher frequencies. 
Particularly considering the damping rates 
obtained, it can be concluded that casting 
leg showed better damping in first 2 modes 
in proportion to original leg, and that it 
would offer more comfortable and healthier 
journey by decreasing the vibration coming to 
passenger seat. 
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