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Abstract

The purpose of research is to construct paper watering controller system in mixed garden
based on temperature and moisture by Case Base Reasoning (CBR) technique via wireless
network. The hardware design is an embedded system under Arduino Uno R3 microcontroller
which interfaces with sensor and transducer. This microcontroller is able to control
temperature and supply the water to vegetable if all information from sensor and transducer
are corresponding to the type of vegetable and other parameters in CBR system. The theory
of CBR is capable of classifying all data and sequence of all data such as type of vegetable,
the appropriate temperature and soil moisture in order to control the watering system.
Our system has also communication between all sensor nodes and server computer via Xbee
wireless modules which may reduce wire installation. As the experiments, we tested our
watering system with Chinese moming glory thereby comparing with the watering systems
by using the timer and worker respectively. The results show that CBR method can enhance
the growth of Chinese morning glory more than those of other methods. We observe

thataverage height of Chinese morning glory in CBR method is greater than the watering

! Faculty of Engineering and Architecture, Rajamangala University of Technology Isan, Nakhon Ratchasima
2 Faculty of Engineering, Rajamangala University of Technology Krungthep, Bangkok
* Corresponding Author E - mail Address: Thammakorn@prmuti.ac.th
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systems by using the timer and worker approximately 16.51 percents and 20.82 percents
respectively. This CBR method may also support all gardeners due to their flexibility and

convenience to various mixed vegetable gardeners.

Keywords: Arduino Uno R3; Sensor Node; Watering System; Case Base Reasoning; Chinese Morning

Glory
Introduction

Nowadays, water shortage in the north-eastern part of Thailand is becoming a national
issue saw many years ago [1]. This is because in summer season the weather is so hot
and the rain doesn’t fall which causes the rivers to dry out the water. Farmers and
gardener grow rice and some vegetables but they get low agricultural outputs. The produce
is usually not enough for consumers and there are also high prices. Previously,
gardeners used workers to water all vegetables in the mixed garden. After the electronic
technology was developed gardener use timer system to control watering system. It has
been observed that those of watering systems may not be suitable and there are
some restrictions. For example, the watering systems by worker and timer may not
consider the requirement of each vegetable in mixed garden. This means that the worker
or timer system will supply the water according to the function or time period only.
Sometimes the vegetables may not require the water but worker or timer system will
control and supply the water to vegetables. This is also a cause of water shortage in
summer season. In agriculture research, several articles have proposed various scenarios
such as [2] - [3] the monitoring systems (soil moisture and temperature). Those applications
are under microcontrollers which apply Xbee wireless modules to communicate
between sensor nodes and master nodes. The objectives of those papers have been
proposed for data acquisitions. However, those methods may not peruse the watering
systems. Mahamai, P. et al. [4] have proposed automatic watering using solar PV
tracking to the longan. This application is suitable for areas without electricity system.
The research in [5] proposed an automatic watering system via wireless network based
on Arduino Uno R3 microcontroller and Xbee wireless module. The concept of this
work proposed the measurement of soil moisture to control the watering of vegetable.
In addition, the satisfaction of user and maximum transmission range of wireless
communication are also considered. Some researchers have proposed microcontrollers
based irrigation systems for solving a serious problem of food in India [6] - [7].

Nevertheless, those of previous researches [4] - [7] did not peruse all factors such as
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type of vegetable, temperature and soil moisture. Those methods might not be flexible
for mixed gardens if there are various vegetables. We consider that those of all factors
may also improve the growing up of vegetables and provide more agricultural outputs.
A watering system of various vegetables in mixed garden should be modified. This is
because each vegetable may require a different soil moisture and temperature for improving
the growing up. A watering system may depend on all those factors.

In this paper, we present a watering controller system in mixed garden based on
temperature and moisture by Case Base Reasoning (CBR) technique via wireless network.
The Case Base Reasoning is a method which may apply to several researches. However,
a watering system in crap production based on Case Based Reasoning may not be found
but there is in fish farming [8]. Our research, applies the sensor and transducer thereby
interfacing with Arduino Uno R3 microcontroller which sends all information to server
computer via wireless network. The decision of Case Base Reasoning in server computer
will classify all data such as type of vegetable, temperature and soil moisture. The result of
decision will be replying to sensor node in order to control the solenoid valve, cooling
pad and heating if the humidity and temperature of vegetable are not suitable. By this

reason, the growing up of vegetable may be improved.
Case Based Reasoning

Case Base Reasoning (CBR) [9] - [10] is an expert system that uses old knowledge in the
past to solve a new problem. This concept looks like the idea of human. The first step of
CBR method investigates the problem in the system thereby comparing new problem and
old problem as shown in Figure 1. This first step is called retrieve process. The similarity
of those problems will be reused to solve problems. Otherwise, the system will revise for
testing and repairing the case. Then, the retain process will be learned case. Normally,
it comprised of retrieve, reuse, revise and retrain processes. The advantage of CBR
method may apply in the medical, engineering, finance and education.

Our work is a watering system in mixed garden which consists of several vegetables
and there are various parameters to control in each vegetable such as soil moisture and
temperature. So that, this research is able to apply CBR technique in mixed garden
because each vegetable may require different parameters in order to control the watering
system to many vegetables in mixed garden. The database of this concept may require all
case bases that contain more old cases or old problems for retrieving and solving based

on various conditions of each vegetable in the watering system.
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Problem

v

New Case

Compare New and
Old Problems

Learned Case

Tested \/

Repaired Case Solved Case

~ Revise &

All Case Bases
in System

Figure 1 Case Base Reasoning

Hardware Design

The system design is based on star topology that composes of several sensor nodes and
one server computer as shown in Figure 2. Each sensor node is a Micro-Controller
Unit (MCU) which gets several inputs from temperature sensor and soil moisture sensor.
It also interfaces via Xbee wireless module which reduces wire installation to server
computer. The relay module is used for controlling soil moisture, heating and
cooling pad. The solar cell charger supports the power system if the main electricity
system has a problem.

Sensor Nodes g
@ Temp | Y
@ ? k—1 Xbee

T Soil MCU
Moisture [
] Relay
Monitoring System @ Power| |
Supply
Solar-Cell
Charger

Figure 2 The structure of the watering system in mixed garden
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Figure 3 Sensor node

Figure 3 depicts a more detail hardware circuit. Arduino Uno R3 [11] is a
microcontroller that interfaces with matrix switch for data entry. The DS1307 [12] is a
real time clock which is displayed on LCD. The chirp module is soil moisture sensor
and DS1820 [13] is a temperature sensor. There are four channels of relay in order to
control many outputs. The first output is a solenoid valve which supplies the water to
the soil. The other relays are used for controlling temperature by heating and cooling.

The Xbee module [14] is a wireless communicator to server computer.
The Necessary Parameter in Agriculture

Many parameters may be important to the growing up of all vegetables in the agriculture.
All gardeners should know and control those of parameters like temperature and soil
moisture in the agriculture. Because each vegetable may require a different appropriate
value. The gardeners may get more agricultural outputs if they control those of appropriate
parameters. We have some examples of those parameters in each vegetable [15] as shown
in Table 1.
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Table 1  Appropriate of each parameter in agriculture

Type of Vegetable Temperature Soil Moisture
Chinese Morning Glory 25-35°C Much
Chinese Kale 25-30°C Moderate
Chinese Cabbage 20 -25°C Much
Asparagus 20-30°C Moderate

All parameters of Case Base Reasoning may be related to hardware control i.e.,
the status of solenoid vale to control soil moisture and temperature (Cooling pad and

Heating). We have some examples in our system as shown in Table 2.

Table 2 All parameters which are related to the status of hardware

Type of Vegetable Moisture = Temp (Min) Temp (Max) Solenoid Valve Status

Chinese
Morning Glory Little 0°C 24 °C On Heating-On
Quite a little 25°C 35°C On -
Moderate 36 °C 50 °C On Cooling-On
Rather - - On -
Much - - Off -
Chinese Kale Little 0°C 24 °C On Heating-On
Quite a little 25°C 30°C On -
Moderate 31°C 50°C Off Cooling-On
Rather - - Off -
Much - - Off -
Chinese Cabbage Little 0°C 19°C On Heating-On
Quite a little 20 °C 25°C On -
Moderate 26 °C 50 °C On Cooling-On
Rather - - On -
Much - - Off -
Asparagus Little 0°C 19 °C On Heating-On
Quite a little 20°C 30°C On -
Moderate 31°C 50°C Off Cooling-On
Rather - - Off -

Much - - off -
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Software Development

We also develop all software by using Visual C# [16] which has several functions in the
main program such as plant function, writing function, reading function, status function
and connecting function. The plant function is used for adding, editing and erasing the
type of vegetable. The writing function is able to send all information to control the sensor
node i.e., operation mode, type of plant and the values of temperature and humidity.
The reading function can check the operation of sensor node like the values of temperature
and humidity, operation mode and plant. The status function shows the operation status of
sensor node such as control mode, temperature, humidity, soil moisture, the increasing and
decreasing of temperatures. The connecting function connects the wireless module which
can assign the port and speed of communication. However, algorithm of Case Base
Reasoning has more significant than the others. The basic concept of solution for a new
problem is comparing the similarity between new problem and old problem in CBR system
such as type of vegetable, temperature and soil moisture. The example of searching is shown
as follows:
If the type of vegetable is correct then...

If the temp is low, then increase temp (Heating)

If the temp is high, then decrease temp (Cooling pad)

If the soil moisture is low, then start solenoid valve

If the soil moisture is high, then no action

In this article, we find the similarity of problem under Euclidian equation [17].
This method is to consider the distance between the present problem and old problem.
If distance is nearly that means those problems are similarity. This distance can be expressed
as in

n

d= 3 (p,~a.) D

i=1

Where d is the distance between the present problem and old problem
p; 1s the value of each present problem
q; is the value of each old problem

n is the maximum of number sequence
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Read Temp, Soil Moisture and
Type of Vegetable
by Sensor Node

L

Compare The Similarity
of All Parameters
in Case Base

Control Soil Moisture
and Temp to Vegetable

Improve New Humidity
and Temp in Case Base

Save All Data in Case Base

End

Figure 4 Algorithm of main program

Figure 4 shows the algorithm of the main program, we start at the sensor node which
gets temperature, soil moisture from both sensors and type of vegetable. Then, the similarity
comparison of all factors will be perused based on equation (1). The controlling of soil
moisture and temperature of vegetables will be obtained if the distance in equation (1)
is approximately 100 percent. Otherwise, the system will improve new humidity and
temperature in the case base before saving all data according to the retain process.

Figure 5 and Figure 6 describes more details of some functions. The plant function
consists of many types of plants such as Chinese morning glory, Chinese kale, Chinese cabbage

and Asparagus.
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Figure 5 All cases in Chinese morning glory
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Figure 6  All parameters for controlling sensor node

This function assigns the soil moisture into 5 levels like little, quite a little,
moderate, rather and much. The temperature control sets the value between 0 °C and 100 °C.
The temperature control is capable of controlling the status of heating, cooling and off
respectively. The status of solenoid sets on and off. The writing function defines the
maximum number of sensor nodes equal to 10 nodes. The operation mode of the sensor
node is able to set on and off. There are 5 control modes i.e., the mode of watering control
on the time, the mode of watering control based on soil moisture, the temperature control

mode on the time, the mode of increasing and decreasing temperatures.

Experiments

We implement our work by means of measuring the growth of Chinese morning glory
based on watering by comparing with the timer system and worker. This experiment
may not be fair with timer system and worker. However, this is the first experiment in

the mixed garden where there was no one to implement the hardware. We need to know

9



10 A Watering Controller System in Mixed Garden Based on Temperature and Moisture by Case Base
Reasoning Technique via Wireless Network

the result under basic methods of gardening. Therefore, the timer system and worker may
be considered. Although there are many vegetables in mixed garden, we perused only
Chinese morning glory for first case study. Typically, the Chinese morning glory requires
temperature approximately 25 °C to 35 °C and much soil moisture. We randomized the
number of Chinese morning glories to 5 lines per each day for measuring average high.

We have also recorded all results until 14 days of this experiment. We studied more

parameters in our experiment as shown in Table 3.

Table 3  All parameters for experiment
Parameter CBR Timer System Worker
Type of Vegetable Chinese Chinese Chinese
Morning Glory Morning Glory Morning Glory
Total Number of Vegetables 15 Lines 15 Lines 15 Lines
Method of Agriculture Flowerpot Flowerpot Flowerpot
Total Days of Experiment 14 Days 14 Days 14 Days
Number of Flowerpots 1 1 1
Size of Flowerpot 25x 12 Cm. 25x 12 Cm. 25x 12 Cm.
Temperature >=25°C Nature Nature
Soil Moisture Much Nature Nature
Number of Times of Watering 2 Times 2 Times 2 Times
per Day (Morning and (Morning and (Morning and
Evening) Evening) Evening)
Volume of Water per Day 280.42 ml. 661.78 ml. 661.78 ml.
Type of Soil Sandy Loam Sandy Loam Sandy Loam
Ratio of Soil 1:1 1:1 1:1

Results and Discussion

Table 4 persents all results between 5% and 14™ days of period, the growing up of Chinese
morning glory of each method may be different. We recorded the average high of Chinese
morning glories for each day; they were measured randomly. All results in terms of graph

are shown in Figure 7.
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Table 4  Result of all experiments

Day Worker (Cm.) Timer System (Cm.) CBR (Cm.)
5 5.06 5.46 6.32
6 6.36 6.78 8.30
7 7.52 7.74 9.10
8 8.08 8.70 10.06
9 8.72 9.58 11.20
10 9.34 10.38 12.26
11 10.30 10.96 13.10
12 10.82 11.56 13.90
13 12.24 12.76 15.28
14 13.42 13.46 16.42

E 14

212

=

.20

o3} m worker
[*)

?3“ ® Timer
z uCBR

Figure 7 Average high versus various days

Our results in Figure 7 illustrates the growth of Chinese morning glory on 5% to
14" days of period. We can see that CBR technique may provide average height more
than those of the timer system and worker. This is because CBR technique controls the
appropriate temperature and soil moisture. The Chinese morning glory may grow up
continuously in the suitable environment. Nevertheless, the result of the time system is
better than worker since the timer system may supply the water on the time every day
but the watering by worker to vegetable may delay. By this reason, the growth of the
Chinese morning glory of worker may not be continuous. Moreover, those of both methods

may not control the temperature and soil moisture in the appropriate environment.
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Conclusions

We have proposed a watering controller system in mixed garden based on temperature
and moisture by Case Base Reasoning (CBR) technique via wireless network. Arduino Uno
R3 microcontroller has applied interfacing to temperature sensor and soil moisture sensor
at the sensor node. This sensor node can send all information to the computer server
via wireless communication module in order to process according to each type of
vegetable, temperature and soil moisture based on CBR method. We have also tested our
watering system under CBR technique to Chinese morning glory by comparing with the
watering systems by timer and worker. As the results, showed that our method can provide
an average height of Chinese morning glory greater than those of timer system and worker
approximately 16.51 percents and 20.82 percents respectively. This system is also
convenient and suitable for various vegetables in the mixed garden because it can reduce

the complexity of wire installation and it’s easy to apply even if the user is not a gardener.
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Abstract

A lower density solvent-based dispersive liquid-liquid microextraction (DLLME) was
optimized for the determination of benzoic acid in fruit juices by HPLC-UV method.
The type and volume of lower density of extraction and dispersive solvents were investigated.
A 0.5 mL octanol was found to be an optimal extraction solvent, and a 2.0 mL acetonitrile
was suitable as dispersive solvent. An extraction procedure was applied for extraction of
benzoic acid from three orange juice samples, which was purchased from the local market.
An optimal HPLC condition was achieved under a mixture condition of methanol and 1 %
acetic acid (97 and 3) was found as an optimal mobile phase. The method was validated
under the optimized conditions of the extraction and the determination. The good linearity
with R? 0.9939 was obtained in the concentration range of 25 - 1000 mg/L. The relative
standard deviations (%RSD) of retention time and peak area were acceptable. The LOD was
2.2 mg/L and the recovery was satisfied (104+7 %). The results show that the extraction

and the determination were efficient for determining of benzoic acid.
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Introduction

Benzoic acid, a chemical preservative, has always been of great importance for inhibiting
various bacteria, yeasts and fungi growths. It is widely used as a food preservative where
it is most active in foods or drinks of low pH value. For humans, the WHO’s International
Programme on Chemical Safety (IPCS) suggests that a provisional tolerable intake would
be 5 mg/kg body weight per day. Even though the acute toxicity of benzoic acid is low,
the monitoring of benzoic acid in beverages has great importance with respect to estimation
of the risks of customers. Benzoic acid derivatives are known to cause non-immunological
contact reactions (pseudoallergy). Moreover, the maximum concentrations reported for
preservation purposes have been limited in the range of 2000 mg/kg of food [1].

There are several methods available for the determination of benzoic acid in foods
and beverages. Spectroscopic methods have been performed for determining, however,
the methods are not specific and need extensive extraction process. Chromatographic methods
(GC and HPLC) are sensitive and specific; they are frequently applied to determine
benzoic acid [2] - [5]. The determinations of benzoic acid in various foods have been
commonly employed by HPLC technique because it offers high specificity with minimal
preparation and does not require derivatization as same as GC method. Many extraction
procedures of benzoic acid from various samples have been presented with minimal
preparation. Liquid-liquid extraction (LLE) methods have been mostly reported with
ethanol or/and methanol as optimal extraction solvents [6] - [7]. Using ethanol or/and
methanol for extraction, an emulsion was however obtained in some food stuff samples
(fats or sauces) [8] which affects to extraction efficiency. The defatting processes can be
applied to remove oil from liquid-containing samples using hexane [9]. An ultrasonic
extraction was also presented for extraction of benzoic acid in soft drinks [10], an it also
helps to reduce the consumption of reagents compared to LLE. However, the efficiency of
an ultrasonic extraction is depended on many parameters such as solvent composition,
extraction time, or sample load. A very sensitive and effective method as solid phase
extraction (SPE) was presented for separation of benzoic acid in wines and distillates as Ref. 3.

One of the attractive extraction methods is dispersive liquid-liquid microextraction
(DLLME), which was explored in 2006 by Rezaee and co-workers [11]. An extraction is a
simple and fast microextraction method, which is based on the use of a few volumes of
reagents. A method is obtained under two systems of organic solvent; one is extraction
solvent and the other is dispersive solvent. The extraction of organic solvents with

high density such as chloroform, dichloromethane or carbontetrachloride have been
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commonly used but their toxicity must be realized. The lower density of extraction solvent
was studied in this work. The dispersive solvents with high miscibility in both organic and
aqueous phases such as methanol or acetonitrile have been mostly obtained. The mixture
of extraction and dispersive solvents is rapidly injected into sample solution, the very small
droplets as cloudy are obtained. A cloudy solution appears on the surface area between
the organic phase and aqueous sample, which become large and achieve the equilibrium
state in short period. A solution is then centrifuged, and a phase separation later occurs.

An organic phase is collected for determination. The advantages of DLLME include
simplicity of preparation, rapidity, low cost, high recovery, high enrichment factor and
environmental benignity [12]. Following the advantages of DLLME method, it is achieved
for extraction of benzoic acid in milk using Carrez solutions [13] and in beverage samples
using ethanol and chloroform conditions, and they were later quantified by GC-FID [14].
In water samples, a mixture of acetonitrile and 1-butyl-3-methylimidazolium hexafluorophosphate
[C,MIM][PF,] is optimal for extracting benzoic acid via ionic liquid cold-induced aggregation
dispersive LLME (IL-CIA-DLLME) procedure [15].

To explore our knowledge, we decided to take the advantages of DLLME method
combined with HPLC methods for determination of some preservatives. We optimized
the extraction parameters using the lower density and lower toxicity than water and
chlorinated solvent, respectively. A method was then applied for determination of benzoic

acid in aqueous media of fruit juices.

Materials and Methods

1. Chemicals and Reagents
Most of the chemicals were of analytical grade. Chloroform, acetone and
sodium chloride were purchased from Ajax Finechem (Australia). Diethylether was from
BDO Laboratory supplies (United Kingdom). Ethanol, carbon tetrachloride and acetic acid
were obtained from Merck (Germany). Octanol was from APS Chemical Limited,
Laboratory (Australia). The HPLC grade of methanol and acetonitrile were purchased from
RCL Laboratory Limited (Thailand).
2. DLLME procedure
DLLME was performed under the optimal conditions as follows: 5.0 ml of fruit
juice sample was pipetted into a 10 mL centrifuge tube. A mixture of 0.5 mL octanol as an
extraction solvent and 2.0 mL acetonitrile as a dispersive solvent was rapidly injected into

the tube of sample. The cloudy solution from tiny dispersed droplets of solvent (water/
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octanol/acetonitrile) was formed after injection. The solution was shaken and then
centrifuged for 6 min. The phase separation between aqueous and organic was obtained.
Octanol is lighter than aqueous sample, the top layer of organic solvent was presented.
The upper layer of organic solvent was later collected before injecting to HPLC system.
A DLLME steps is shown in Figure 1.

-
| — disperser solvent

| — extraction solvent

ﬁ
centrifugation
— — —

sample solution  injection  Cloudy solution Extraction phase  withdraw
collection

Figure 1 DLLME steps

3. Instrumentation
Chromatographic determination was performed by HPLC system (Waters
w6007172424) equipped with UV-V is detection (Waters 2489) at 254 nm. The HPLC
conditions were carried out under proper conditions using RP-HPLC column (C18 Waters,
150 mm x 4.6 mm L[.D., 5 pm). An optimal mobile phase of methanol : 1 % acetic acid (97 : 3)
was run using an isocratic elution with a 1.0 mL/min flow rate. All standard solutions
and juice samples were injected to HPLC system at 20 uL. The retention time of benzoic

acid was less than 4 min, presented under these conditions.
Results and Discussion

1. DLLME optimization
1.1  Effect of extraction solvent

The efficiency of DLLME is involves various parameters, including type
and volume of both extraction solvents and dispersive solvents, while the extraction time
is also impacted by the separation capability. Selection of a suitable optimal extraction
solvent is significance for optimizing DLLME method. For the extraction solvent, it should
have high extraction capability of analyzed compounds, different density to water and
low solubility in aqueous sample [5]. Using the simple solvents, the less toxic solvents and

lighter density in aqueous sample as methanol, diethylether and octanol were mainly
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studied, and the common extraction solvents with higher density in aqueous sample such
as carbontetrachloride and chloroform were also tested. An acetonitrile (2.0 mL) was used
as dispersive solvent for this study. After the extraction process, the 3 layers were
represented; the upper one was the organic phase, the middle one was the suspended phase
(orange color), and the bottom one was the aqueous phase. The upper layer was considered
for further determination. From our result, methanol and diethylether were eliminated
because phase separations between aqueous and organic were both poor, as shown in Figure 2.
It was due to high solubility of those organic solvents. Then, organic phase could not be
collected for these two solvents. Carbon tetrachloride, chloroform and octanol were better
than those two where phase separation cloud was observed and collected. According to the
result, octanol is a lighter density solvent than aqueous sample, we found the upper layer
of organic phase. Moreover, it is less toxic and inexpensive than carbon tetrachloride and
chloroform. Where the toxicity must be realized, we considered to use octanol as a proper

extraction solvent in further study. Compare the peak area.

The first layer

~ <—— The second layer

The third layer

Figure 2 Effect of the extraction solvent types (a) methanol (b) diethyl ether

(c) carbontetrachloride (d) chloroform (e) octanol

1.2  Effect of dispersive solvent

The key point for selection of disperser miscibility in both the extraction
solvent and the aqueous sample is that the dispersive solvent functions to take extraction
solvent through the aqueous sample phase. Thus, the density and solubility of extraction
and dispersive solvents were considered. Dispersive solvent is soluble in extraction solvent
and should be miscible in aqueous sample, thus enabling the extraction solvent to be
dispersed as fine particles in aqueous phase to form a cloudy solution. The surface area
between extraction solvent and aqueous sample can be large, thus increasing the extraction

efficiency [16]. The dispersive solvents miscible in water (acetone, ethanol and acetonitrile)
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were studied, where the densities of these dispersive solvents were lighter than octanol
(density of octanol is 0.824 g/mL). Thus, the solubility of extraction and dispersive solvents
could be possible where a 0.5 mL octanol was used as an extraction solvent in this study.
We found the good phase separation between a mixture of octanol and acetonitrile solvents
as shown in Figure 3. The good phase separation provides a facile collection of sample
for injection, and a large volume of sample mostly gave the high efficiency separation.

However, acetonitrile was chosen as an optimal dispersive solvent.

Figure 3 Effect of the dispersive solvent types (a) acetone (b) ethanol (c) acetonitrile

1.3  Effect of volume of dispersive solvent
The different volumes of dispersive solvent were compared with change
in the collected phase. To determine the best extraction conditions, the peak area of interest
was used to evaluate the extraction efficiency. The results under different dispersive solvent
are in Table 1. A 2.0 mL of dispersive solvent (acetonitrile), giving the highest peak arca

(Figure 4), was chosen in the subsequent experiments

Table 1  Effect of volumes of dispersive solvent

Volume of dispersive Volume of extraction Ratio of dispersive Peak area
solvent (mL) solvent (mL) solvent : extraction solvent (AU)
0.4 2.0 2:1 45745
0.8 2.0 4:1 54364
2.0 2.0 10:1 131265

4.0 2.0 20:1 50850
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Figure 4 Effect of the dispersive solvent volumes (mL)

1.4 Effect of volume of extraction solvent

The volume of extraction solvent is also a parameter which may affect
the detection of the method. A series of sample solutions were performed by using octanol
and acetonitrile (2.0 mL). The volumes of octanol were changed in the range of 0.05 - 0.50 mL.
The highest of peak area was obtained with octanol volume for 0.50 mL (compared to other
volume) where the ratio of dispersive and extraction solvents was 4 : 1 (The results are
shown in Table 2 and Figure 5). The increasing of the extraction solvent volume provided
the increasing of the final organic phase obtained after centrifugation. Thus, a 0.5 mL of

extraction solvent (octanol) was chosen as a proper volume in further experiments.

Table 2  Effect of volumes of extraction solvent

Volume of extraction Volume of dispersive Ratio of dispersive solvent : Peak area

solvent (mL) solvent (mL) extraction solvent (AU)
0.05 2.0 40:1 54997
0.10 2.0 20:1 44866
0.20 2.0 10:1 45702
0.50 2.0 4:1 55181

2. HPLC optimization
The reversed phase HPLC condition was investigated with the different ratios
of methanol: 1 % acetic acid (97:3, 95:5, 90:10 and 85:15). We accomplished the determination
using methanol : 1 % acetic acid at a ratio of 97:3 at pH 3.0, giving the highest peak and area
than others, at a flow rate of 1 mL/min and UV detection at 254 nm. The retention time of

benzoic acid was less than 4 min.
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Figure 5 Effect of the extraction solvent volumes (mL)

3. Method validation

A good linearity between the concentrations of benzoic was obtained over the
various concentrations in the wide range of 25 - 1000 mg/L (n = 3). The regression equation
was y = 51.596x + 4388.7 with the correlation coefficient 0.9939 as shown in Figure 6.
The LOD, was 3 times the standard deviation (SD) of reagent blank (n = 7). Under the
operation, a high value of SD of reagent blank was obtained. Then, the calculated LOD was
2.2 mg/L. The LOQ, calculated from 10 times standard deviation to slope was 7.5 mg/L.
Precision of method was presented as within day (n = 7) and day to day (2 days) variations
in term of %RSD. The variations were calculated for 3 concentrations (50, 300 and
1000 mg/L) of benzoic acid. The “within day” variations of retention time and peak area
were less than 1.0 % and 3.0 %, respectively. The reproducibility (day to day variation) of
retention time and peak area were less than 5 % and 15 %, respectively. Under the optimal
extraction condition, the enrichment factor, the ratio of concentration of benzoic acid in the
upper layer of organic phase to that in the initial sample, was 25 fold. The method was

successfully applied for determination of benzoic acid in orange juice samples.

60000
50000
40000 -

30000
y =51.596x + 4388.7

Peak area (AU)

20000 -~ R:=0.9939
10000 -~
0 T T T T T 1
0 200 400 600 800 1000 1200

Concentration of benzoic acid (mg/L)

Figure 6 Standard calibration curve of benzoic acid 25 - 1000 mg/L
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4. Analysis of orange juice samples

Under the extraction conditions, the 0.5 mL of extraction solvent (octanol) and
2.0 mL of dispersive solvent (acetonitrile) were employed for sample determination.
The three commercial available orange juices were purchased from a local supermarket.
The obtained results are shown in Table 3. We found the amounts of benzoic in samples are
less than the permitted level from the General Standard for Food Additives: GSFA 2014
(FDA 2014) [17]; chromatogram is shown in Figure 7. In order to verify the accuracy of the
method, the recovery study was carried out by spiking selected sample with standard.
The % recovery was calculated from the difference between spiked and un-spiked samples.

The result is shown in Table 4 where the recovery was satisfied.

mAU;

303
254
20+
155
104

128 - Benzoic acid

S
[T
o=
-
0o
O

T T T
1 2 3

min

Figure 7 Chromatogram of sample 1

Table 3  Benzoic acid levels in fruit juice samples (n = 3)

Sample Maximum permitted level in fruit juice (mg/L) Benzoic acid level (mg/L)

1000 985+50
2 1145+49
1089+81

Table 4  Percentage recovery result (n = 3)

Founded in sample Spiked concentration Determined amount

Sample % Recovery
(mg/L) (mg/L) (mg/L)
1 985 50 1037 104+7
Conclusion

A method based on the DLLME coupled with HPLC-UV was optimized for determination
of benzoic acid in fruit juices. We achieved the extraction of benzoic under an optimal

mixture of octanol and acetonitrile as extraction and dispersive solvents. The good linearity
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was obtained. The LOD was 2.2 mg/L. The accuracy of method in terms of percentage
recovery was in the range 10447 %, which was acceptable. The precision as percentage
relative standard deviations were satisfied. The DLLME method provides a simple, low cost,

short time and high efficiency for determining preservatives in various aqueous samples.
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Abstract

The aerial photographs for planning development used to Urban Planning department and
related fields. Generally, this data was using the satellite imagery from the Geo-Informatics
and Space Technology Development Agency (Public Organization) and the aerial
photographs from the Royal Thai Survey Department. While the procedures and overhead
costs to get information. In present, the information technology is continuing development.
There is easy access to the Internet. Especially, the use of satellite imagery from the
Google Earth program. However, the aerial imagery data not updating and covering
all areas. At the same time, technological development has an invention for aerial
photographs collection, such as small unmanned aerial vehicles (SUAV). This device
installed with cameras and record geographic position coordinates (GPS) into digital
aerial photos. That control system from the remote control, computer or application on the
smartphone.

This article compares the data obtained from aerial photographs processing from
sUAV technology with satellite imagery by Google Earth and 3D data from 3D Laser
Scanner. The result from using sUAV technique provide current aerial photographs,

high-resolution and flexible use of data collection.
Keywords: Small Unmanned Aerial Vehicle; UAV; Aerial Map; Photogrametry; 3d Point Cloud
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(2) mwanpangunsal SUAV
U 16 WisuWioursuSAsnseyaan Faro 3D Scanner ua:tayadngunsnl sUAV

(n) awaie Faro 3D Scanner
) - o ' o '
3N 17 wWssumneuszn1uennain Faro 3D Scanner (Ui) wazmwainadnsal sUAV (819)



25615 uns. 88 atvInemaniuazmalulad TR 11 a0uf 2 wgemen - fomau 2561 37

(2) mwanpangunsal SUAV
JUN 17 wWisuineusenienmain Faro 3D Scanner uazmwangunsnl sUAV (As)

NyUuasiauanu:

msUsznanateyamwmememmANagUnsa sUAV wesiudfnyiilugmaiudeyaunui
AWIEMMARIABEAGY uazULTIReY 3 TR A TeTaenIalinuAUEUUM T
munficnans (GIS) TugUuuuauiia dudnemwlumsinnsideys Ussnmuluiuiisnansa
sanuinladuiufizesaumaiy s5wenudnudslunsuaumaiidnsn meafeanmuiile
Tugnonumsdeyadodszdny silidszmgusmusaanulalade Feannudaugsain
mwmmmﬂﬁlauﬂaﬂﬁaga ('gﬂﬁ 18 -19)

U7 19 msldnwmaiense1nmAsI 1M sTEINTINMAYI I TUULIUUIDNNE
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witeyaan sUAV a:fianuazdunsesgnmnidesnideyadiliammasuny usnoil
SUAV aunsasswdeyaliines:dongomlld  Tnemsmmuns:esioszrhonsosiuinimiosms
WutoyafiamnsalimuazidenzosgaammaniuAy (Ground Sampling Distance : GSD)
ladnnd 25 wuames uasldmsosdeiunisiinamoniicans (GPS) lumsinungnaiunu
vuiuAu ng wieems Taemsldmaiin Ground Control Point (GCP) wiavimsusuud
ANuAIAARBUTDIRAAMITfanSuesteya wiidehmsimuwmaimumaluladlumsaenm
uazUsznanaziieandadiini Wantesadluld

Tomalumsihdeualuresen Liasandeyauuudnesauiiiuvy Point Cloud 1y
maiudeyamememwieglusUuuuAiamuiifnasnsammlsendlifunussdivme 9 e
maiuiuiinteyadeiiuimoelsziacmans mssamslinuizluousie 9 mansaasou
mawRsuuasosiuiluusazdonm  arersumssTluilsaUABi oM st BmRe
MINIWUVVIIRDITIINUNATZAUD1MS (Building Information Model : BIM) 91nuuudiaoy
A Point Cloud fifirmuazBonlusiveimsuszuuusaessssumezoadias (City Information
Model : CIM) [9] vielfiduiugudoyalumsnouniimu viemsudmsinmaiiadlugtuuy
Wavdaades (Smart City) Tulemanalula
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ANUAANAIALABTINLDBNFANTIAIUULAN uazA1Das EI Ay 99.999993 % gonign UazWa
NMINANDUNNYATOYAN A NS NI AUENUEZ ST NI YAToyRF I NANUYA ToNa A MLEY
lratsgnaay

maAy :  IAsstelssamiion; lsiied; dvnesanneesuuedy; mauleisesuuns; duam
suaaulvih

Abstract

This research presents a comparison of the efficiency of three models, namely, the model
using Artificial Neural Networks technique (ANN), Support Vector Machine models
(SMOreg) and Neuro-Fuzzy using ANFIS technique models in form of pattern recognition
for waveform analysis and classification between good signals and bad signals data set.
In principle, the three models are proposed. It used Fast Fourier Transform data for learning
and testing process for finding the best model. The three experiments were ANN, SMOreg
and ANFIS. Results from the MSE training were 1.45E-08, 5.60E-08, 3.32E-09, the MAE
were 8.28E-05, 4.31E-05, 3.20E-05, the MAPE were 2.99636, 0.69080, 0.83541, respectively,
and the MSE test results were 8.30E-09, 2.66E-07, 3.21E-09, the MAE were 8.61E-05,
3.32E-04, 3.38E-05, and the percentage obtained from MAPE were 2.5807, 10.9384 and
0.8061, respectively. It was found that the ANFIS technique was the best. With the smallest
overall error value than the other models, which provides the highest percentage of
Efficiency Index (EI) in the testing process were 99.999993 %. The experimental result of

testing showed that all data sets can distinguish between good and bad data sets correctly.

Keywords: Artificial Neural Networks; Neuro-Fuzzy; Support Vector Machine; Fast Fourier Transform;

Waveform Analysis;
N

fagtiumaluladlumumo 9 ldmsimmednsimss saumlaimsiaunndniueg aunsal
masulnihuazadnnsefindnaluimumiddouszoimumeagasmnssy  Tnegunsaimadiluih
uazBdnnsetindminulufmumeagnamngsy iy ansamldlusudszneums | venAIosinsna
quAstiFmMSUMARLTLY quAsHRMSUYSneuTum guAsTlEmuANManBLTUTu Du
Tutusumesgunsaims 4 asduwmsesmiuhilumssonuaies dennmssonutiulaediulnaui
azfndefomsiufmsstuudyanalii  wazdlosnnmsindedomsdooudiegluuy
fuaalih  Jamimuanife Wedaarafiamstessianan  nIedaanadiidam
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i»j"uLﬁaﬂmmgmaﬂLLw\nnaiLaa m%aﬁcgfmmﬁv‘hmuﬁrﬂ'wmmﬁutﬁaommnﬁ'@mmwmu (Noise)
Foazrilimsderuiwiamanouiaananld  Seiinnuinduiesdesiismansenuuy
dwsunsaseugUnsaindenumestuuuduaaliilinsnmwmsionunAunfise

mﬁLﬂ'iwzﬁﬁzyfmmgﬂﬂﬁuvlw%ﬁwmﬂwam"“ﬁ hjiﬁmﬂumﬁ.ﬂﬁ:ﬁﬁmzmm'gﬂﬂ§u1WW1
MEIBMINATLALUUYNIGBS (Fourier Analysis) 35myd1masmutia (Time Domain Simulation)
w3amsdimoamuAud (Frequency Domain Simulation) fusu [1]1 Taeouideisjouwiu
mﬂhLauaﬁaLmuﬁmﬁﬁmswzﬁua:uﬂﬂLmz%mgaﬁfyfmfugﬂﬂﬁulwﬂwﬁﬁua:ﬁﬁﬂfymw%aL'f?m
fedsiunauens 3 35 udnhudasdsnninmswSeudsuusiniamiislinuaanan
Tnefimsnninaawsalinnmanuamanieuiiaiy - dodeyailiidudeyavesdyain
supmlWihzestunuilinusnanadyanaRaiaieiudnfeaii (Digital Signal Processor:
DSP) wasiA3nadnsna Tneisusuanmathieyadyanasuaaulihaliurimsmaious
AIwIsmsuUaoyi3esuuutsy (Fast Fourier Transform: FFT) swsuldiudeyasonjua:
nAteUSINALITMIEen 3 33 Ao 1) F3mIvesmaiialasstelssmieundeisoudnise
(Artificial Neural Network: ANN) ﬁ’;ﬁﬁgm‘iﬁﬂuiuuuﬁﬁjaau (Supervised Learning) [1] - [4]
uaz 2) Asmsvoomaialassniedszmmnenwuungdnseialsied (Neuro-Fuzzy) ae35ms
uuudsunala (Adaptive Network-Based Fuzzy Inference System: ANFIS) [5] uaz 3) 35019
1ouT NN TN TUNTTUE IS UMIanany (Support Vector Machine for Regression)
Tnawwonldmaiinuuuiedonlodmsusumsanase (Sequence Minimal Optimization for
Regression: SMOreg)

nanddadaduswamelumstszgnalflumsinssiuazuenue:dpamglaiu
IhdiRuasde welifiuanuuanmolumsinssisnidamantuduaiaie Tnod
IgUazEeA 1) dosswmuuulaglfimaianonuds  §msumsinmsiussuenuessuaa
gﬂﬂﬁ'uvl,w% 2) Lﬁ'a"?Lﬂ'51:171u,a:u,ﬂﬂLLEJ:mmLmﬂﬁhﬂ'izwhﬂﬁmmwmgﬂﬂﬁﬂw%ﬁmmwmﬁﬁu
5fy§ywmgﬂﬂ§ulw7hﬁfy§mml,ﬁa 3) elSuuisunsanS UMM eI sImhE e
Mislnufiian ua: 4) Weduuuimeisanlumstsandl@isminauesmiuisnmsudaoides
LLUUL%’ﬂumi’?Lﬂswzﬁua:uﬂﬂLLU:ﬁmmﬂmgﬂﬂﬁuvlwv"\h

Us:Tominmninaslasy ﬁauh’lumﬁLﬂm:ﬁéﬁyfmmlw%mmmmﬁzumau%%ﬁlﬁ
anmsfnmliszandlduasduwuamelumsaduduoy  dehelumsinsziuazusnue:
5:%&10%@35@5@@15145LLazﬁagaﬁmfymaLﬁaﬂaﬂﬁmmwmgﬂﬂﬁluiw%ﬂia@u,mJm'm 11

ngEYNLNeITo0

1. dndszananadaaimnana (Digital Signal Processor: DSP)
iw DSP iiluinusznanadyann fe lulasTusgagesngnesnuuumdmiumu
Usananaspanauuunaasolasmm: Taglulasluswaigessaanil asdisainenssui
Wesnedomsfuia maleudedeyaifivs:aniam wazanwdage wu mafiddoiy
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Tumsam MmsvInaan wsensondeyauvy Circular Buffer wuau visgindesansaniing
Usznawanate 9 sauldnSeuduluduier (Multi-Processing) 8nsie dodn DSP fifing
UszianfidumstszanadeyauuudmiuwAn (Fixed-Point) uazUszsianiiszuianadeya
wuulandonssuil (Floating-Point) s&iumsldnulalaedowdulsunsunsuesuguud
nsommduadldreulnamesulandummtesugnnadni [6]
2. msuiasyiSesuuusa (Fast Fourier Transform: FFT)

mﬁLfmzﬁvjﬁf’ﬂ%tﬂuﬂ3:U3uﬂ1s|,1]§ﬂugﬂﬂ§u§tyfmmmanaﬂﬂﬂuﬁhuﬂi:ﬂauﬁu
mﬂmmﬁw%amﬂﬂm%maaﬁtyzymﬁu 9 Tﬂaﬁmmwmﬁﬁﬁﬂwwtﬂmwmu RFWNTANATIZH
TaeldeunsuniZes uasdanaidsnsaslidunemuadimsutasmeySeimauaiu 111, [7]
unzandeyvos Discrete Fourier Transform (DFT) A msAiuimmuteingeas DET W
utsmu N Aodudibifiidmsfmaa DFT Wisanefiazfuaa DFT @ N fifge q lanelu
pAPUINAISUEY DFT Alifvs:lemi 33msfiduam DFT W5y doisnunfelddanesiuie
FFT Tumsfmimainaumsi (1) [1] 1918119508AFIUIUNIANAUYDINNAIIUATALARIBNS
wlaemaniGesuousy Taemsdnnauseswain W Ini deildmsamiuzessunisanag
wiaawmney Nog,N A3 [1]

A L B <1>

3. Tpsvtnedssamiien (Artificial Neural Network: ANN)

Tasumedszanmisuduluimanendnmansvse lumamoprauiiwes  Inogayonane
vaslpsomelssimifisnde  desmslinoufinmeidnnumnapamalumssoudiaieuiinywe
AmaGaud ansornialn wazsnsahauuaine:lddszanaldlan [8] swisumsisznana
sumAmEMIAUIAuUUABLLATUTEA (Connectionist) THIMITINNGNILLLTUILYDINIL
Uszawades TnemluTassdiedssmmiientssneuie Tnuadusiudstindt (nput Node)
Tuslutugeu (Hidden Node) unznunduiudswaans (Output Node) Folnunnsnumwanii
azfimadendenulugluuumesidunseunarodu (Multi-Layer Perceptron: MLP) iin1ssy
Foynantugiuauds Output Node uazfinszuaumsinimiunuviifseu Tnademioundu
eBunt maSeuduuuunsndy (Back Propagation) [9] - [12] lulasstheUszamifiesmaietu
woutleuludanth Buanmstleudoyainnduieyaini (nput Layer) uazinmsideuse
dauvesinunludugen (Hidden Layer) Guorafisnnnimilet iernmaususzuumunginsss
yaotiona uazaIInesedoyaninnududoulimnndu [5], [13] AogUd 1 d6i5msvos
Tssthedszamifsnsinsahluyszgadlideuddymoilussiohelyaudonus:fnndudou
Fuagrumunilulszgnald
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Weight (wi)

=
5
5 auds Input
' Output Node

Input Node

Hidden Node
U1 Tassaulasededszaniion

Layer 1

l Layer 4

Layer 2 Layer 3 l
Xy
Layer 5
l 1l y

U2 Tassasowas ANFIS

4. ilsWad (Neuro-Fuzzy: NF)

tagiumailadoaasolndunumlunasmu  Tneunazmazdausuinlumsmuim
wazuidgmliamzusesldamsandlinmun Wy fsadindsainmauiilumsisous
walismnsalddmsumsesmefomslinmdsioniandula  lusasissuuiadansolimans
muteyainqunIouszinmauiAnesmslinumumsesnemsaniulafismnsainnailiet
Tuz1 If-Then dusanArosfunssnzANNAnTesuyEs Taeteaiongiledannsisouian
nautenadunauaziednn helumsandulafinquaie wissuuiediosflifianummsa
Tumsiseudnglaesnlusiinndeys fedidame q wanil siliidndduliamaulaAnfuisms
HENITUUTAIEST UL eiY  Wethdesmansi sandunmedusuuUssauuuudanie:
(Hybrid Intelligent System: HIS) Zusmifusuausnn 1wy sruvitednsniniulasstelszamidion
Soladelmidusuuinlsiled  seinfeuidamanniefessemna:ds  sruunsanialsiodng
Foduaiunidndumn 1Aud ANFIS wussuueymnuileduugmlassneiusumlameisms
Seuduvulasemevszanmidion 9n3uU7 2 Tasoasomes ANFIS Us:neuie 2 duwpfie x uas y
uAnzdunauly 2 Wodiwe uas 1 w1awn [14] - [15]
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5. dwwesannmesuutushwiumsanaee (Support Vector Machine for Regression)
dwwasaanmesunsdu wie SVM udaneiiudldlumsiuunnguiena
feismamsznumsanauls (Decision Hyperplane) w3elawesinauilmuzansniu
Msulsteya 2 d§uaniu SVM degnihiniszgnaldlunmsasuaunmsludszanamsaiontu
@otdn Fio) unuszmuandula dwnesannwesuusdudmsunmsanaos w30 SVR auiu
msthfeyatetuuazdeyalusAndmaunionimadeus (Training) WelimsudegUuuy
dmsumamsanadnaziamlueman Jeiwnesnnnmesurusmsumsanaeaiudnmaiianis
fisansaimmensaild muideidiidedenlfisassanmslusmnansaieidudodu
M85 Sequential Minimal Optimization for SVM Regression (SMOreg) [16]
Asmsenonledwsuaunsanass  (Sequence Minimal Optimization for
Regression: SMOreg) Luaanasiudmsumsunanmsmsideullsunsumaaes (Quadratic
Programming: QP) Wudymideiulusmienszuviumsmsiningey Sequence Minimal
Optimization (SMO) [16]

ABAMIUMTIIY

sumsuzasmsiiiumsiselne s sauvsldiu 3 duneunan 9 foil
1. matEuduide
masudumsise  WusuneuusnoesnuidelaeimuningussaoAnesnuidoua:
UsTpzinmaieldsunnmsdde  sntuduihmsfnsmgeiuszonideifiontos Mo
FuppumIAiiumside uazivswsmdoyadyanalrihidosmahulflunuidosamei 1

MIWN T TUABUITANHUMTIIE

FURBIITAMILTIUMTIdE

MIFUAUMTIIE msdnLAIeuTayn MINFVMLUULRNISIANOY

1]

D) Anwmgeduazuddoi | 1) dsureumsudasyiZaduuuiia | 1) dmualassaiseouda:isitiauoua:
Ao dmdummmudsteyaivelddmsy | dmunremo

nARBY
2) Mouwutupeudsiiiiums | 2) damsteyalieglugluuudili | 2) imstindnieyauazin3enfiuuuiils
98 §mIunaaey fmiunaseuTaya

3) iuTwTndeyadmana | 3) wisngaieyadmiviieuiav | 3) nasovdunnuteyameduuuilA
supRUlWhAlddmsunanos | nageu

911113513599 7nTusurosdyaIugadulniMarTevesadalaslaldiuiu
el 9 ax 1 spanw wasdenhuilinasosiiwiunil Wunquandyamfnwm 21 sam
uasNAuEANUANMEIIUIN 7 duain wassdyaiadduiudeys 3,360 13AABSA LAz
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fonunamiusn i aRiuduaae AoAwes Phase, Fh’sgwi"maa Amplitude uaz
mﬁmﬁaﬁﬁ;méuﬁuﬂmﬁmmﬂm ﬁnm;ﬂﬁ' 3 FuaaAnouiissiiuduneuses FFT Aoy
Amplitude TrsAwigoazedii 0 Taam iy 5 Taam (Good Signal) drudmaaudemazunns
(Bad Signal 3) n3ef1as Phase 2:ndue (Bad Signal 1, Bad Signal 2) iiaifisuivdmain

Good Signal *

| Bad Signal 1

S0 12

]

£-2 ]

26 - 6 z

g Bad Signal 2 Bad Signal 3
<

W
~

0 1000 2000 3000 O0 1000 2000 3000
Time (Sec)

D

U3 JUuvuTeyasa M RIsALazLFY

U

2. MITAMIVUTOYN

msdmnsoudeyaduaia iudunounszuiumansondenasdmnsuill1ily
AszUIUMSIS oUW eininuRNAREUTBIAILULTIt AW Tiuneudail

21 andeyadmsumsudaiZesuonsa udeyaduanmguadulniiild
namsaIaindnniaseesdalanlavoosiunu  wanhioyaduaaludasdyaiails
amhmsulsoteyadanaeioddy FFT  milldeafuendodon  sntwhmemeueamagn
unziFondiunaoouNAIATIINz NAUMIAREY dedauilAezagszndiem 100 - 2,000 ¥illa
fulswonnagn (Amplitude: Amp) Fidnautieyn 58 1sAReindevisdyaa nmlignioys
denduduilimarlumulsuenmagauimamainsuszmaansuias ilAlAf s
(Phase: Ph) uazfulssiansumas (PSD) fidwaudoyaduanma: 58 1sanesn dugnieym
TududsAnud (Frequency: Freq) ldamnmsihamanudfinseiusmunisluudazmoeoiiuys
weanagn  domudsnaminlagnihulfiedugateysdmsunanesivisminaue Aoguil 4
LLazgﬂﬁ'S



13813 Wns. 3oy atvInsmansuazmalulad TN 11 aUun 2 wgeman - Fomau 2561

1000 Amplitude of Signal, 0-Centered Periodogram
900 .
800} E
700} :
S
K} o -
5600
3 500 o
E
gmoo ! !
300 -
200+ -
0 1
-0.02 -0.015 -0.01 -0.005 0 0.005 001 0.015 0.02 gz
U4 Aueundgazosioyalu 1 doyaim
1 | —+— Freq | s Amp
0.8
;:\0.6
Ery
g
Zo02
5,
g ! ——Ph ——PSD
2038
g
E 0.6
o4
z
0.2
o0 10 20 30 40 50 600 10 20 30 ‘40 50 60
Quantity of Data (records)
;51]17; 5  yateyadmamdmIunaaesly 1 dyan
Y = fit(data,n),
Freq =(0:n—-1)*(fs/n);
Amp = abs(Y),
PSD =Y .*conj(Y)/n;
Ph =atan2(yl,x1)*180/ pi;
$Th)
data Fo  DouaNqQIN
n A 9IWIUTeNaRd data
Y fe deyanlasinmsulasnin FFT
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2)
3)
4)
%)
(6)
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f5 e dwmenuives data
Freq fo  maudluusazsnnesn
Amp AB  AUBUNAIADRY Y

PSD Ao mawansuiaseed Y
Ph  fa  AuWwoR0 ¥

Signal

Training Set

Testing Set

- Training Set = 464 records ( Input = Freq, Amp, Ph, Target = PSD )

Testing Set = 58 records , * = 1 Signal , 7* = Signal Bad 7 signals

U 6  unteyaduaMdImMSURITALA:NAFOY

MU 6 usAIMIHLIAToNaF A RSENTRuaatey  TRognteym
dmsuininnonuAwAY 464 1sAResA Ae lduateyaduanmrod G1 fu G8 uzgadeya
dm3unasou deazmaReunnioyadunm q a: 58 1sAARIA fo TeyaduaMRILA G1 9 G14
waz B1 @s B7 (G1 naneds ﬁaymﬁzyimmﬁﬁzyzmmﬁ 1, B1 naneids ﬁazgaﬁzyzmmﬁﬁﬂiymﬁmﬁu
fpanai 1)

22 yadeyadnsuRNinLazgATayREIMSUNATaY Ussnaunie

1) ynteynMIURNYA (Training Set) Ao Yatayatind (Input Set) Usznoudmie
$1WU 3 Auls Ae Freq, Amp, Ph doluudazdusendenlideyadyuiainmun
8 damaunu wlamiu 464 1ARRIA uazgaveyaAtihvang (Target Set) Hd1m7u
1 sy Ao PSD Teuidenldgndoyavesduanmi 1 dyaia uswirdeyannivmg
AfdnsAnIavAvgAteyaini MeisindoiSeeiu 8 as Wudaguil 7 uaz 8

Input Layer NUA Anthwane (Target)
1) Freq=1x464 MW TNLAD T PSD = 1x464
2) Amp=1x464 — —

3) Ph = 1x464 Tuwanziuuy

N7  anwazlaseasenlddmsuiingg
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PSD (1:464)

0.8 E

Normalized amplitude fo PSD (arb.u.)

0 50 100 150 200 250 300 350 400 450 500
Quantity of PSD (record)

JUn 8  wnteyarnihnanesas PSD dmsuindin

2) YntoyadmIunagoy (Testing Set) Ao Wugadeymihiluwsadyaia 9 a:

58 13AARIA Usznoumiediuiu 3 Auls Ae Freq, Amp uas Ph ﬁﬂgﬂﬁ 5 18z 6
23 memmdusznsanduius (Correlation Coefficient)

lesnndeysinifesiinnuduiusiuioyanaansdoiusansuid
vavdeyadpana Tneanuduiustesteysilldanmslnn:imauls:andanduius dofim
og3:nIw -1 v 1 Tesmdiangilag 1 uangddeyadanudunusiuunluiAnmafieIny
MANDINA -1 uEAINTENANANINENRUSAWINATUAAMILUIHARY ez AANDIINE 0 uansd
DoyalANNENNUSI Y

dmsuamAdeilimsinnzimmanlssansanduiusuon 2 fuds desnsn
wmzen r 1§ Aesumsh (7) [13] Lﬁaﬁﬁa;ﬂaﬁuﬁwﬁv’ﬂ 3 muds Aa Freq, Amp, Ph a1
SRS AN aNENALS B lAmAY -0.3556, 0.9686 uaz -0.2916 MUFIAY

D Y1 13 ) @)
mx ) Ynbi-y)

1o
rofn mduUszAnNSanduuS
n Ao 9IwIUToYa
x A AMgeyatd
y Ao mveyaihnue

24 msuvaedeya (Data Transformation)
utureumstsureuinzesdeyaliegludsiimm:zaniuioidunifonld
wothlulinulumsiinialifanszuiumasens  Tneulasmdoyaduanmimeismsuesialad
(Normalization) wazmsutasmieyaludnyazdodu (Min-Max Normalization) Tnesmideil
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szuladeyaliioygsznitea 0 - 1 newthgateyalulddmsuiniaua:nadgey Asgun 5 ua:
AsENM 39 (8) [51, [13]

V —min

o = m(maxnew— minnew)+ min, ®)
\ile
Vo Ao AMRIIINMIuUaom
14 Ao AMnauMIulaun
max Ao AgugARRIToyanauLlaIm
min fa  Awnanzesdoyateuulacm

max,,, A9 AGIATBITONANAILURIA
min,,, Ao MAIGATBITENANaILUaIA

3. MINFWAILVULAzMINANDD

massumuua:managey usureunsiumsssumuuulnedmunmma q
Tusuuuiinaue wemdmuuuiangaluuaazis waniimuuuililunaseuiuioyadmiv
nasay ftunoudai

31 suwvvildnnmsiinialagldmaiialassdedszamifionuwuuiieuludom
naedu (ANN) Taglfszoumsiseniuuuunsmdounay esnndulassieiisnsaseusls
TnemsUsuAimin LﬁaaﬂFhmmﬂmﬂLﬂﬁ'auizwiwomﬁmgawaﬁwéﬁumLﬁmmu [51, [13]
uwazUszneume Snaulnualududoyaininddsmon 3 nua Swulnuslududeuldanms
nanaslnedendnaulnuailinaansiangauduiuoy dolumsmasasassiie 40 Tnun
snulnualudunaansisan 1 Tnua Tnemuuuildmmunmeaie 9 dof 1) @enlifodi
MsAnALLY TrainLM Lﬁaamﬂmmmﬂizmawalﬁﬁiauﬁwm%ma:ﬁﬂﬁzﬁw%mw [5], [13]
2) @onldlsAiumadeuiuuy LearnGDM 3) dwualiifidudou 1 tu 4) Renldflediunsziu
Wy Binary Sigmoid (logsig) lutiudeu uazuvu Linear (purelin) lutunagns ilosantoya
fdimunailiegludan 0 - 1 uaz 5) @onldmaAnuamandouiiinduduialugloos
M MSE, MAE, MAPE ua:mis:ansmnzasmuuumuinlugleesm EI RoRUMIh (9) - (12)

MSE = lz "(r-0Y ©)

i i
n

MAE:lZfZIY}—OJ (10)
n

1 T - 0.
MAPE =—>» " |-—x100 11
nz'_l - (11)

i
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n __ _ n _ 2
EIZZI‘:I(Z T)Z ZFI(Ti Of) x100% (12)

Z 1 (Tz _?)Z

MSE o AAnuARIAAROUMAIEDIRAY (Mean Square Error)

MAE  f® Fhmmﬂmml,ﬂ?z'auﬂugifﬁmﬁﬂ (Mean Absolute Error)

MAPE fo  muwesiduinnuaminnfeusuystinds (Mean Absolute
Percentage Error)

Ao mAnidsz@nsnw (Efficiency Index)

andhmnesmsuiiniasdud i

o AwaawsIINMINAROUSIALT i

fo  muwdszesAthwnedmsumsilndgn

S N0 85
)
(w3}

Ao 9IUINTOUAVDINRANS

32 shuvuildnnmaininlaglimafinialsleduuudsumls (ANFIS) a1nms
naaasaInlunduaNuluaninoosdunn 8 giinAe Wondu trimf, trapmf, gbellmf, gaussmf,
gauss2mf, pimf, dsigmf waz psigmf lnefinnsanmANuAIAARDUTDIMISBSATA LA
Fonnmanaaesilildflsiiuamnuiusndnoesdunneiia gbellmf dwsvaaduiuuunsoi
Thsoas1moafuuy ANFIS Uszneufe suaulnualududunaidiuim 3 nun swaulnun
Tuduil 1 Aldnnmanaaesie (7 7 7) uazdmaulnualutussansismau 1 iua Tnefuuy
Aldfmuamag 9 doil 1) @enldmaseuslugluuveesdanesinuuulouiad (Hybrid)
2) mydAngudeyaldutsuuunszunsy (Grid Partition) 3) Wenduanuiugandnmudunaldnsndu
gbellmf Faldanmsnanes 4) Mefdurmduamndnimueimalifoiiudodu 5) suuseu
fmSuilndafuuy 100 seu AugATeyaRnvinsamATlody As:dmANNAMIAARDUAST
uaz 6) @wonlimaAnuamandeuiiindumuialugsesa MSE uwazinds:Ansamoes
AuvuAwnlugloesa El

33 dauuudldanmsininlaeldmaiadwnesaanmesunaiudiniy
msanaey (SMOreg) 1AM InAaasmnuAMWITIWeTlulUsunsy Weka udufanaiuuy
flimanuamanieutosiign Tneduuuilddmunawing q foil 1) mvuam Complexity
parameter C An 1.0 2) AmunA1 Kernel TnoA1 omega fu 0.1 uazA1 sigma tdu 1.0
3) \@enimunmiunouismaseus (Learning Algorithm) Insriwund1 epsilon iy
1.0E-12 M epsilonParameter tm1Au 1.0E-5 A1 tolerance Ay 1.0E-5 uazA1 seed Ao 1

34 manasevlimuuuildnnisiiauensmudiuuuaimsnageuiu
andoyadmiunagoy  Tnevhmsuwlasmieyaliegludeiivinzay  uazhinadeyadmsunaseu
dgnssaumenaseufsdwuui liinaue  Tnevmsnaseuluuiazgadenadunim
wihmstuiinuaansaldielddmsumsinazisni
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nnunAnfmeIEmGuilugtuouil  ldmuuuihcuenssumaiinnnmaiseus
uazand1gUnvurestoyaduanalunasa Ny TayadmIn wazlunszuIumInageuaziili
muvusasouenuezlnssniuteyadyaaAnTayaNyL MRS TneinnnMATILARALARDY
Planamsansisoudiouivanihmme dolumsnagevemaseuiia: 1 ORI 7 A
58 1saresa luwaazmuvuilfdmsunaseu

WA

MnHaMInARDaRtMIei 2 muuuinngaluuiaislummaaesnsel dethsmumuuy
miSsuifisuUs:ansmnessnadnsilannmanuamamaouiiiindudwalugluuome
NosuAmILUUs ANN, SMOreg uaz ANFIS Tnawnaansanmsnninar MSE fAa 1.45E-08,
5.60E-08, 3.32E-09 mua1ny uaznaansanmsnageual MSE As 8.30E-09, 2.66E-07,
321E-09 uazAiesaziilianAmes MAPE A 25807, 109384, 0.8061 muaAy et
FauuuioanisinuSeudsunaans wulidauwoy ANFIS dds:@nsamanan Tnadie
ANuARNIAlAeTItesRigAn M LULAY | urzAiSesazues EI gofign

M3wN2 A MSE, MAE, MAPE uazm EI flaainmsianang 3 muuuniigue

Training Data Set Testing Data Set
MSE MAE MAPE MSE MAE MAPE EI (%)

ANN 1.45E-08  8.28E-05  2.99636  8.30E-09  8.61E-05 2.5807 99.999971

Algorithm

SMOreg  5.60E-08  4.31E-05  0.69080  2.66E-07  3.32E-04 10.9384 99.999419
ANFIS 3.32E-09  3.20E-05  0.83541  3.21E-09  3.38E-05 0.8061 99.999993

; | ANN.GI ==e= ANN B -+ ANN.B2 = =~ -ANN.B7 = « = - ANN.G14]
s . . g St N Y\r A
VONSNYN BAR
- AVARTRVRY:
E 1 [——1G - ANFIS.G1 ——— ANFIS.BI -+~ ANFIS.B2 ~ =~ - ANFIS.B7 = - = -ANFIS BI4
Eos -
Zoo

]
502 -

= AN\ A
g 0 e < 3+ g -
-02 " L SMOregGl ==+== SMOregBI ***# - SMOregB2 = += - SMOregB7 = * = - SMOreg G14 = TG
0.8 &
0.6 -
0.4 -
02 /\_‘ e
el A A I e indvon it T

1 1 1 1
20 ; 30 40 50 6
Quantity of Output (records)

JUN 9 WRANSDBITOLANAFOUNAIINMINATDUNITINAILUY
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Uit 9 ugasnsmAldnnkamasevluwaTeNadyaMSBUTBUUS AN W
AuAndmuease (TG) Nnnsmdeyaduanad wWu ANN.G14 (Rafiuuu ANN pasdoya
Fryanain 14) ﬁnﬂﬁy'aﬂmﬁaLL‘U‘UQﬂLﬁuﬂiwwmﬁﬁ]:ﬁuﬁuLﬁ”uﬂ'swm'ﬂLﬂmmuvl.ﬂ‘luﬁﬂmmﬁmﬁu
shudunsdananidaunmieds Wy ANN.B1 (Fefuuy ANN ﬂaoﬁagaﬁmmwmtﬁﬂﬁ 1)
mnnssusmuuugaEnsmilAauenmennAthmnessenn  uRzRRNMSARBURIM SN 3
wanskaansTlAlAinnnmANNAMAAREWRY | dennmsinsanSeufieumuuunosais
Tedauuy ANFIS a:fifmanuamanieulassiuiesiinn uazAiisissazanuamanion
anysal (MAPE) weomauuy ANFIS Lﬁ'aﬁﬁnmnmﬂﬁﬂﬁagaﬁfyfmmﬁﬂﬁfyfmmﬁ B5 nu B7
Lﬁ'mﬁuuﬁuﬁmamﬂﬁmmmﬁ (Gx) tudwimm Awvuzes ANFIS lamsiwaumaionu
s:‘mﬁoﬁaHaﬁzyzmmﬁaﬁuﬁtyzmmﬁmﬂﬂhﬁmwﬁ'u

MIwn 3  Awaansnlangadeyanagon MeAsmitauens 3 AUy

ANN ANFIS SMOreg
Signal
MSE MAE MAPE MSE MAE MAPE MSE MAE MAPE
Gl 8.30E-09 8.61E-05 2.5807 3.21E-09 3.38E-05 0.8061  2.66E-07 3.32E-04 10.9384
G2 9.04E-09 8.22E-05 3.6663 4.30E-09 3.45E-05 0.5021  9.12E-08  2.63E-04 10.9306
G3 7.07E-09 8.95E-05 2.8684 2.56E-09  3.05E-05 0.8849  9.11E-08 2.63E-04 10.9264
G4 7.55E-09 8.38E-05 2.9524 1.96E-09  2.76E-05 0.6402  1.11E-07 2.81E-04 10.9325

B1 6.38E-01 1.34E-01  4515.0338 2.60E-02  5.74E-02 337.0390 1.71E-02 6.25E-02 1167.4661
B2 7.40E-01 1.22E-01  4546.8742 2.99E-02  6.19E-02 270.7685 2.03E-02  6.44E-02 915.7077
B3 8.80E-01 1.30E-01  2931.1516 2.80E-02 5.85E-02 312.8957 2.02E-02  6.39E-02 873.4389
B4 5.54E-01 1.52E-01  5445.1132 2.57E-02  6.09E-02 364.4101 1.85E-02 6.38E-02  1211.6929
BS 6.49E-03 2.18E-02 53.9360 5.88E-03 1.70E-02  26.1026  5.40E-03  2.44E-02 93.9928
B6 7.95E-01 1.09E-01  4156.5641 4.00E-02  7.27E-02  267.5068 2.04E-02  6.45E-02 988.2082

B7 6.01E-03 2.07E-02 50.8847 5.64E-03 1.66E-02  25.6074 5.18E-03  2.38E-02 95.5285

G5 8.73E-09 8.43E-05 3.4033 3.97E-09 3.35E-05 1.4353  9.14E-08  2.63E-04 10.9319
G6 8.10E-09 7.01E-05 2.6451 2.75E-09  3.00E-05 0.5015  9.14E-08  2.63E-04 10.9330
G7 7.92E-09 8.38E-05 2.3637 2.04E-09  2.79E-05 0.8456  1.04E-07 2.76E-04 10.9292
G8 6.41E-09 8.29E-05 3.4909 4.77E-09  3.81E-05 1.0676  1.37E-07  3.09E-04 10.9374
G9 3.88E-08 1.40E-04 5.8569 441E-09 4.31E-05 1.3980 1.71E-07 3.28E-04 12.8331
G10 1.31E-07 1.95E-04 4.2932 1.62E-07  1.03E-04 1.5257 1.27E-06  3.28E-04 12.1389
Gl1 7.73E-09 1.14E-04 4.9224 3.84E-09 3.65E-05 1.1939  1.12E-07 2.84E-04 10.9312
G12 6.83E-08 1.32E-04 4.5826 9.31E-08  7.65E-05 1.0704  9.73E-07 4.81E-04 12.3673
G13 6.10E-08 1.47E-04 4.2078 6.01E-09  4.26E-05 1.4467 3.22E-07 3.61E-04 15.5093

Gl14 1.61E-07 2.65E-04 10.8271 1.65E-08  6.26E-05 0.8600  6.64E-07 4.94E-04 13.5705
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anUsuNaLacagy

mddeiilfhmuemswSoudioulsansmmuesuuuneads fo muvunnlassmelssamiioy
muvuinlsiadlnelimaiiauuy ANFIS uazmuvudnnesannmosuusiudmiumsanass
Tugtuvumsandrinlidmivlunsinssiuazuenue:szniodoyadwanagadulii
fuanaituduanode  Tnenanmslumsademuuuiieueunasiilunion ﬁlﬂﬁﬁaga‘ﬁ
WiunszuIumsulasisesuousududeyadmsvldlunszuinnmsininua:nagauaesiuuy
MEAs  iNemsmmuuuiingadmsumnideyadyanaililummaassnsol Ao
ﬁv'aﬁmﬁ:]me:mmmimﬁ:ﬁua:u.fmLLU:S:an0%’@3@55}4@1&1ﬁﬁu%’asgaﬁmmwmf\iﬂlﬁ
yafetognAes uAdBismumLuMISsuisulszansam . wohduuuiilimeda
ANFIS WiszansmnlnesmAngn uazuanasisnnuamnsalumsdousfonnuduiussmig
toyahiunaansladuegof  uazHamInAgauaINIILENUe: S uEAAATUESAgNADY
NNUDYNA I

ash\ﬂsﬁﬂmmfﬁﬁﬁwﬁumuﬁ%ﬁmLﬂuahﬁmﬁ:ﬁﬁfyfywmiw%ﬂugﬂmeim 1 919ADITNAUAR
nIUsumMmWITImaIMY mmmmmm:ﬂmaaﬁagaﬁmmwmﬁﬁmﬂ%ﬂumﬁLﬂﬁ:ﬂuuﬁia:mu

AARNTINYIzMA
WidevazouAmuIEn dinn wmalulad (Wszmdlng) $1in tewasiaauiuazgunsallunnide
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Abstract

This research studies a possibility of using dredged marine sediment for pavement material
substitution. The dredged marine sediment is obtained from Laem Chabang Port, Thailand.
Sand is replaced by dredged marine sediment at various sand:sediment ratios are 100:0,
95:5, 90:10, 85:15, 80:20, 70:30, 60:40, 50:50, 40:60, and 0:100 by dry weight. The mixtures
are undergone several tests to determine: (i) index properties, i.e. grain size distribution,
Atterberg limits, and specific gravity and (ii) engineering properties, i.e. compaction
and CBR. The obtained results are compared with standard specifications for highway
materials of the Department of Highway, Thailand. The study shows that the sand can be
replaced by the dredged marine sediment of up to 5 % of total dry weight without any
significant alteration to the properties of sand. Moreover, the sand can be replaced by
the dredged marine sediment of up to 15 % of total dry weight for being used as subbase,
20 % of total dry weight for being used as selected material A and B and sand embankment,
and 30 % of total dry weight for being used as selected material B and soil embankment.

Keywords: Marine Sediment; Sand; Highway Material; Pavement; Engineering Properties
N

msvudsiummotiiiumsoudoivsmdauaziuiinsivionnsenlasinidedulasess
Nugmidny MiSeresiimsgnsenatiosiiigue (Maintenance Dredging) iiie3nsziy
AwANzasMifinuuazsenhSous AU amAlnasnsadhvendioumld Tnetannignuasen
(Dredged Material) LAR9IAMIINZ amammﬂmummﬂ (MINAIBAIVOIAUURZUITDIR) U‘SL’Jm
?htlﬁ\fl‘]nvmﬂllﬂu[,ua\jﬁ]”lﬂaﬂﬁWﬂ”ﬁlﬂ\]ﬂiwLLﬁiuWLL@ sriumzaiAsuLaseoreiies Tanidl
USinmanutugs SnmsuAdmumdem wazeniimstuideuveslanzmin FseraiSenldiniu
“guzmefowInfen” esnnUsmaisafignaaseniiswaunnisneliindymmoeiowinden
musniasnndasminetnomnzay dagismsminsezAonauuuaoin W menslunaadn
fitesiamuongminedslunarsnieUsang wenaniasmImaALULAY Wy Mshouuun
AfidesranmummiinnmsaaensuiamnsmauasuiuiowalnafiesessuUsuanes
rwunn [1] Wuau

nuddeidsAnmanudululflumsivisnignarsendieliiduiganawnulunume
Tnethianfldnnmszamennmndemduduwanatin suneAs I damingays wnuiinae
Tudasiuro 7 uaznaseuAMENUATEsEuRaNAlA Ao 1) AmauUANAYl Ae BwinAa:
AAADALABILTIN UWAZAMINDNTUWIE U2 2) AMNENDANIIAINIIN AD MIUADA ua: T U 19
Foyaiildanmsfnmilaansadislunisesnuuudulassasromoiliianiignaaseniiy
Jaanaunulumsneaisla
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nsldusclondaniaangnyanen

sAngnyARen Ao Auncnowloasdun (@1alunyeiomneludanouegiuiunivinmsynaen)

b ¢

a

RN sazanusnuneioeesingiuiiiinananinasesnsuaiiuazsAviin:a
Mdsuulaseduraondusumalimedsaududonansmmunemsdinfisumnesseussnn
fumuaziianuiniudesanaoneenidusze: 9 Woudladamanany Gnuidess q Afnw
mahiaafignaasennmnedmasalivsleadmeiuimnssales) INBAINITN URZERNATIN
Weoandymmsmdansgaiunsiinyafizenofouinfenuaz sz ngaungonsnens
sysumAGmSUgARmATINAME  mniasanmslivssleminnisaignanaenanmeislunu
madrnsaulosmuhuszmadiuineligaaduduin 1 TneSnaiuiignaasennnfsiess: 90
azpnusudgsnmamlasduuuasinnlflumsteaosnniuuazouiesiumsinmzneis
Suduaosdo UszmAslu TaeSesa: 76 wpasAulignzaaengniunldlunuiesiumsinen:
MeismzuaN Suduu § uasinde UsamAansgewsn (Geea: 20 -30) Usanfiuisesuaun
(Sova: 23) uazUsznAloduaun (ouas 20) MU [2]

NAMINUNIITTUNTTIATIA UMMM sUszaadlius: ToaiannAuiignaaasnain
modonuhsnsaduunmulsaneseuld 4 Usaandoil

1. msldoumadmnssy (Engineering Uses) Aomsliiduianamiiemsnoasions
2An33ules) (Land Reclamation) tdu IAsun1s Changi East Reclamation Project
TulsznefonTds TdAunzneuneignyaaontszanm 200 MugnuIAfunT iiNeaamaiud
30 mseilawns [3] Wuau

2. msldomimudswndes (Environmental Enhancement) i (n) mas31omansie
wieilosiumsinmzsesmeim:iauazanndonuzesAAuiing:ny (Coastal Protection) [4]
Van der Wal, D., et al. [5] wuhmsthAufigngaaonnanusioathmiiiu - 1has donafesasnn
Romsanmsinnzsesmalaan (Mudflats) ua:z (2) msliduianiienssaly Geotube
Wemsilosiumsinmnzaesmermza [6]

3. m3ldnumunensnasu (Agricultural Uses) ﬁuﬁgﬂ°qﬂaaﬂmmsnﬁmﬂﬁlﬂuﬁuﬁy'uuu
Lﬁamiﬂ@ﬂﬁﬂiﬂﬂmswauﬁmUzauw%féiuﬁﬂdauﬁmm:ﬂu Sheehan, C., et al. [7] lamhAunzneu
figngamanain Port of Waterford wanfuze:dunituaznuhauilifinoauiina fe sunehléd
fianusensalumsiuinansemsuashiiiionme uaiiSnamsownsigoninasguinum

4. maldduisanaunulusuneadie (Substituted Product Uses) laun (n) nsld
waduiaanaunilumums Wy msusulysiuiigngaaenainiie Dunkirk dszmen3oAs
33 q Ae mMawsumTefeiuAmaNTRTWIAARzUAzANLTSY wa:msUSUUoRAmaNTA
mumaslnemsnandmun Juam uwa:isnvegloa ielflumsnessslaseasstiums [1], [8] - [10]
(2) msldduingAvlunugaaimnssunswandguazigs1idn Hamer, K. and Karius, V. [11]
wuhlanzsminuazansdundsivudenlufuiigngaaenazgminmemennuiougolunszuiums
wamdguangiin soduderetedssmsumslivslomianauiivudenlanwin (m) mslidu
Jaglunupeundn Limeira, 1., et al. [12] uaz Wang, H. Y. [13] wuhfuidloazdeniilinnms
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annendidnamiuingAvlumswannoundanall  AOUASAIIALLY  WAZABLNIANNITAUIYD
uwazdonuhAmENTAEimaMnudnazesfetsneun3 AWMU IEAuYLUA  (Crushed
Limestone Raw Sand) sefuiiloaziduniignyasanain Port of Barcelona finwauiduiieaiy
AEUNSAINATIIN ua: (9) Msliduianidulutedsnauoe: AudleazBeniignanaensnsaiunli
uTaniudslutedenause: (Landfill Liner) [14] - [17] uenanidsnsalitiuianiaiumh
vozyanesluunaziu (Daily Capping Layer) ﬁ%ﬂiﬂ@ﬁuﬂmﬁumﬁwﬁuﬁgﬂﬁwﬂuﬂaﬂaﬂa‘um:
(Landfill Final Cover) [18]

wilusslsanaaziimsfnsiieriumsuszandlis:leminnAunzneuiignunaen
anmedmzasiduigamodenlunume 9 egunsenudndudliimsfinusizosdong
Tutszndlne - ndedrinvesinvugiivsamaiunnmonusmnsdedmuauazannsgilums
Aoadomy q luwmiioudn Wy Taseasiodume mufinan uazowpeunin ililisusa
mamuanieanuiullilumaszeaalivs:lemianauignaaaenainmedimzazodlne
Tunmvszanme 9 17 AedueideiideiiinguszsdieAnmanuiululilunsdsenald
Aunzneunziafignaaaenanidemdrdunauati suneAssn deniavays welfiduian
naunulugumy TnefiasanANENTAMUNIATFINTBINITUNIINAI

A9 9TUIMNY

msvenuuvriinvasaunduegiviladenaetszms Wy ansazmslinu numsenas
thminussnn e1wmsldnu uazmdsuuamuzesindums Tnefloneonuuuiiesas 2 Us:an
fio AIMI9TSUULNEUAT (Flexible Pavement) w3efianiudn auuweailafnnounin
(Asphalt Concrete) (3Ufl 1) uazAIM993195uvuuds (Rigid Pavement) n3efizuniudl
auupeunIEGIMAN (U 2) ThssaSuauuismessamiidudsneufichdny TAua duinme
(Base Course) #usasiiumg (Subbase Course) HuianfniEon (Selected Material) uRztuAuON
(Subgrade) TanflilumsnessiofesiinmauiAmmzanmuanusnsalumssuihminussnn
veouAnztusuandlumen 1 Tglumsnesoauudesimsnienianiinmd I 813 (CBR)
uazAdumsunonlniAsesa:mMIundn (Percent Compaction) NIOAMNRUIMUUNNANS
(Relative Density) iulumudedmunlunuugduazsiems uaﬂﬁnﬂﬁﬁaﬂﬁmimQmauﬁﬁmﬂ
memnuazATian q Wdn W swees: (M39A 2) mANuEnMseres Coarse Aggregate
(LAA) manuasni (Soundness) mMaAdAmad (Liquid Limit, LL) uazAgiwaiaAn (Plasticity
Index, PI)
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LIRS s . v LIRS
| FuegNUNMWILR |
Twame [A199197 Twame
ﬂ‘iﬂw’;ﬁ]‘ﬂﬂ‘i F0R199195

Aremstszneuuuuie 4

#799519501ALN0UUY ASPHALT CONCRETE
#iuma CRUSHED STONE SOIL AGGREGATE TYPE BASE CBR > 80% (95% Modified Proctor
mﬂﬁumu SOIL AGGREGATE CBR 2 25% (95% Modified Proctor density)

JanAnEan CBR = 8% (95% Modified Proctor density)

Prime Coat

AUaNAUNY CBR > 4% (95% Standard Proctor density)

—— lvamomaenowuy ASPHALT CONCRETE (1% A.C. Grade 60-70)

umadin USunaoudnszunsauiilsitionni 95% Standard Proctor density

dgnuanmuuuy

U1 TAsua¥10aunA193195 Asphalt Concrete [19]

LEANg TuaguamMwiun LAY

v - A e - .
Iname  ATeRN9I9S AIINI99193  wamg

[ L I

[ I [

SrAUABNT1

3

AI9T19TADUNTALESINAN (MIIRSUMANUAZTBUABM AU-203)
fumsiiuaan CBR = 80% unaauuulsitioandn 95% Modified Proctor density
seufiumg CBR > 25% uaoauuuliiiaani 95% Modified Proctor density

Tanfnden CBR = 8% undauwidlitiesnd) 95% Modified Proctor density
fuan CBR > 4% undaunulitisandn 95% Standard Proctor density

qn3udAuY
Auin Yiuindsunsuazuasauinlaitiesndn 95% Standard Proctor density

Ugnnanmuuuy

U2 TAssadounAounIAEINmMAaN (Fuiumainaan) [19]

MIWN 1 defimunzesnmEnUATesland@1nIulATIEIINMIMNNIATIUDDINTUNIINAI

TAsuaswms LL (%) PI(%) CBR (%) mMvImm (%) MIVADA LAA (%) Soundness (%)
fumofiungn 1201 <25 <6 >80 - 95 % Modified Proctor < 40 <9
se0fiume [21] <35 <11 > 25 - 95 % Modified Proctor <60 -
JanAmaen n [22] 210
<40 <20 <3 95 % Modified Proctor - -
JanAmden o [23] >6

AuauAum [24] - - > 4 [25] <4 95 % Standard Proctor - -
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MIWN 2 FOAMUATOIIIAAAZIBITUN U INAGNLATUIBINUNIITNANINTIN

SouazHIuAzLATIlATUIIIA

PUWIARNZLNTY (WN.)

Fuiumoiiungn [20] tusesiumsianmasm [21]
A B A B C D E

50 (2 ‘lﬁ?) 100 100 100 100 - - -

25 (1 "j’l) - 75 -95 - - 100 100 100
9.5 (3/8 ‘ii’J) 30 - 65 40 - 75 30 - 65 40 - 75 50 - 85 60 - 100 -
475 (a3 4) 25 - 55 30 - 60 - - - - -

2 (lwes 10) 15 - 40 20 - 45 15 - 40 20 - 45 25 - 50 40 - 70 40 - 100
0.425 (tuad 40) 8-20 15 -30 8-20 15 -30 15 - 30 25 -45 20 - 50
0.075 (tuas 200) 2-8 5-20 2-8 5-20 5-15 5-20 6 - 20

M3wN 3  wamInAgeu X-Ray Fluorescence Spectrometer #09AUMAzNaUNZLa

519 3w (Soua:)
SiO, 63.56
AlO; 22.19
Fe,0; 3.67
K,0 3.04
Na,O 2.07
Cl 1.68
MgO 1.34
CaO 1.02

TAAUNIDANTUNTINY

TanignapaendililumsAnmillinamnGemdeduauat vinmms 3 AU 3 Teemnise
midzduanatoiuniSendnoosUsandlnglumssudeiufmsmholsana  Asegmoion:ueen
yase1lnedl Muasgen 8uNeAIIIN uazeunoUIRzNe davinay3 Uszina 120 Alawns
MofiAnz TueendedlAveongomna midedituiiszann 6340 13 uasiianuanvesiiuin 18 wns
nnszAvtimzaathunae Sudalddie we. 2534 degiuldnmuily 2 wa wazsansasessu
USinauaumld 10 - 11 & TEU/T (54 % vesmsdveenuaziniivestszndlng) doiewu
SuAud 23 eolan wazdiwkumsnessoms 3 TnesndhmngliniSounanatfnsudunise
fviuaste 1 1w 10 veslan
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o

Tanfignuaeniiifienden 91NMINAROUMNIIATFIUATHM VAN Na.-n. 102/2515
[26] ua: na.-n. 103/2515 [27] WUNANAALARD ANAANAIEAN UAZAIATENAIEANIAILIAD
Souas 53 J0ea: 32 uazIesa: 21 MUMALU lnemIduuamuszuy Unified Soil Classification
System (USCS) ldiduAunznoufianmanuiunaafings (High Plasticity Silt, MH) [28]
JanfgnzaReniANNmIsTIMENAD 2,69 [29] uasiiSnadunieingtesa: 5.0 (g
440°C [30]) derudszneumuapiainnsnaaeay X-Ray Fluorescence Spectrometer (XRE)
mumsei 3 Jumetiaafignzaaenuandlugn 4 uwazdnvalnssaiogamaAnnHamATeU
Scanning Electron Microscope (SEM) uanslugufl 5 dstiusziienianiignyaaanild
TumsAninAuAzneuna

AMuntUNUA8ENAUAZNEY

£1)

5UN 4 AIBEIIAUAZADUNILA
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. 4 n!
— Mag=3.00K X WD=1lmm EHT=1500kV Signal A=SEl

(1) 2818 3,000 1M
SUN5  wamInAgeu Scanning Electron Microscope (SEM) 283ANAzNaunzia

Aupznaunziaiinadunaiaingedoldmunzaailyldduiaqmumelasnse
suideideAnmanuiululflunslddunzneunsaduisanaunuiienaniun e
Tugnnidauan 9 delszeadliiduisnlunume TnenseazgaunuiifmsAunznounzia
Tugasdmlaiminuiess q 1dud 100:0 95:5 90:10 85:15 80:20 70:30 60:40 50:50 40:60
uaz 0:100 (e:Aunznounz) Tnenmedldlunmsmateviiimsnsaedivesowauiniu
ﬁagﬂﬁ 6 (ME:AUAzNaUNZE 100:0) AANNasTwIzmnu 2.62 [27] C, = 95 C. = 14
D,, = 0.6 #ndwns uazdwunmuszuy USCS Iy Well-Graded Medium Sand with Silt
(SW-SM) [28] §IUNENTDINIIVUAZAUAZNDUNLRITYANANDUMANENDAMIADI A BUIAAR:
AIPOAABSIUIN UATAMNAITINE  URCANSNDANIIIAINGIN Ao MIuAdn us: 4 U 15
uazSeuiisunamsnaseuiildiuinasgulassasdumesesnsumomag Soyalannmsanmil
snsadelunmseenuuudulaseaiemoiivseadldfunznounaaiuisgnaunulums
Aaasola
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MIWN4  IUINARDDIMDNINTIUNENAUAZNOUNIAIUINTIEIUA

FOURIWIUAZILNTY (MTIR:AUANDOUNILR)
100:0 9555 90:10 85:15 80:20 70:30 0:100

AILATY  BUATeoLTA (ua.)

3/8” 9.51 100 100 100 100 100 100 100
#4 475 98.8 98.7  98.8 98.5 98.2 98.8 100
#10 2.00 83.4 829 793 85.2 83.3 86.2 100
#40 0.425 33.3 370 349 429 43.8 51.2 100
#100 0.150 12.8 18.4 19.9 26.0 29.3 38.3 100
#200 0.075 6.3 12.3 15.0 20.7 24.6 34.1 100

HAN15IBLRZMIDAUIIBRR

1. ANENUAMIAYT
1.1 2wIAAeT WANIINANOUNITUIAARDBIAIDE IINIIONENAUAZ NN LAY
Sandums 9 Tnekunzunsouuudouanslumsei 4 wazguil 6 Tnewuhdetofdens
SRR TIBURLAUAZNOUNAWNAD 100:0 955 90:10 ua: 85:15 dneglumasgudusas
fumoianuaiy e E AefinnanazifussfiSesasinunzunsowed 200 Tnethminfesa:
6 - 20 ualifisndunsylaodlunartemnuasesnnasuiuNumsfiuagn

100 By

% m N =o--100:0)

so MNLL NN -0-95:5

7 i \ —2—90:10
o pTRdp E ---85:15
Y 5 \ -8 -80:20
o, N —4&—70:30
o\° 40 N 3 \\‘\

% i |ofiunan i X )

20 WD ISt *\\\ =

0 WiliEEe

0
10 1 0.1 0.01

Particle size (mm)

Jun 6 nvmInIzIeAIBRITIAAAL

1.2 mnnneamasidsn (Atterberg Limit) namsnadeumainnonmasiisnoes
FethansenauAunznaunzludandume 4 lauaaddumaod 5 uazguit 7 Taewoh
FlodnaIungNzasRuAznounzEi NI sl mAAame)  ARAANaIEAn  uasAATd
wasRMANTY Mo zmidasamesisniunnaiAnsAysAudinaaden (Fine-Grained
Soil) wipinUsmanunzneunzadoiuiudinandondousonalimfidnmad mAdANaIERn
unzmazinaaRnfindumulfe
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MIWN5  AMAANDAABIITTNIBINTIONENALAZNDUNIA LUBATIRIUA 9

DATTIUNTIL:AUAZNDUNZLA LL (%) PL (%) PI (%)
100:0 NP NP NP
95:5 NP NP NP
90:10 21 16 5
85:15 23 17 6
80:20 25 18 7
70:30 29 21 8
60:40 33 24 9
50:50 37 26 11
40:60 40 28 12
0:100 53 32 21

NP = non-plastic

60

@ Liquid Limit
o [l //‘p
A Plasticity Index
B
—
w e =
E . L=""
s g _D--
. =2~
:
< i e
) B Dol A
...‘..A..JL ...... TR o
0
O 20 3 - 80 100
% Dredged soil

= ' Ao o ¢ ac a o ' '
21.]1/]7 MANADALADILTTNDDINTIUNENAUAZNDUNZLA LUONTIFIUAY q

2. AMSNUAMIAINT TN

21 mMsuABALUUEINTINAIEIL (Modified Proctor Compaction Test) Hamsnageu
MIVABARLLLUGINTIASg IR BRENAuAznaunzeludadiude 9 lduanadlugud 8
ASmnarnuiuisnzalumsungn (OWC) uazrmbohinuiogosaliasilumaoi 6 uazsul 9
TnenuiiflensuAunznounzalutsmaliiiuioss: 40 vesiminuierimazlivinliansuma
A ANz auR A mThntinusgsane UG Reuwdaseenafiibsiy  uwidiediSnm
Aunzneunzalusetananiosa: 40 zamhmiinuiss e lAmSmnma NSy
wazAmbelminuwisggaresdiunauanas  nedwnzdeinaAunzneunziafisiuties
2:laifinanaznurengAnTINTaNNIRAUTIN TognAmuAaumeaRusulngAe Aunse (Fuaney)
F3oen: 40 iimonAfaANAIEIL AASHTO futsdnmiuzasiumaneuuaznaazdoneananiu
fiseuaz 35
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[
8]

N
—_

m?)
)
S

—
=l

—
oo

—
~

—_
[=)}

Dry unit weight, Yy (kN/

—
W

—_
~

(=}
W

10 15 20 25 30 35
Water content, w (%)

JUN 8 WAMINARBUNITUADANTIERENAUAZNDUNZAUBATIFIUAY

22
21
rOOOJ»-o\ !

25 & )zo

N
oo . 19
20 < 18
~ 17
~
15 > 16

~—@— Opt. water content

30

Optimum water content, OWC (%)
Max dry unit wt., y, (KN/m?)

= O =Max dry unit wt.

0 20 40 60 80 100
% Dredged soil

N9 AUTHIAANNTUNMNENLANEIB I NI gITATBINI 1B HTNAUAZNDUNCLA
Tudnsgiumg 9

MIWN 6 ANITNIAUANNTUNNNZFUURNUIDTANNUAIFIFATOINIIENENAUAZNOUNLA
Tugnsaiume

o 3 - Optimum water content Max dry unit weight
DATIFIUNTIY:AUASNDUNLR

(%) (KN/m°)

100:0 9.5 20.1
95:5 8.0 20.9
90:10 8.0 20.9
85:15 8.0 20.9
80:20 8.5 20.6
70:30 8.5 20.6
60:40 10.0 20.2
50:50 13.0 19.0
40:60 14.5 18.5

0:100 26.0 14.9
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MIWN7 M3 D 919 U8zNITUINAITOINTIUNENAUAZNOUNZIA LU TIEIUAIG

DATIHIUNTIL:AUAZNDUNLA CBR (Soaked) (%) Swell (%)
100:0 76 0
95:5 96 0.01
90:10 56 0.09
85:15 32 0.47
80:20 28 0.81
70:30 8 0.75

100 1.0
00 )\ —e—CBR 0.9
0 / \ & | - O =Swell i
( 7] ~ — .
70 \ e 0.7
g 60 \ Pl 06 <
% 50 \ b 0.5 g
O 40 N 04 2
n
30 ',R 03
20 L - 02
10 — i I~ i
06 < = J]) 0.0
0 5 10 15 20 25 30
% Dredged Soil

JUN 10 M@ § 215 UATMIVINAIZOINTIBNENAUAZNDUNZIA IUENTIEIUA

22 @i e wamsnadeumAmd T 013 wuuuihuRzMILINAIBEINTE
wauAuAznaunsalugnTdume 1 Wwanslums i 7 uazgui 10 Tnenuhienaufuaznounzis
Tulsinalsifudesa: 5 seohwiinwismesliniliind § o3 wazmsviusnAeunlasnati
wAdleSinaRunznouNAINGY AENTAVINMTsAuAznounzwInduAuaazBATiunud
nawiazilimemoauiimsunimgety uazdonaviliend O 013 anao egnolsimamnansidi
PeInTBNENANAzNEUTiMMIUINAIB s ososaz 0 - 0.81 Gadnianasguimun

AIAMTNTANIIATTLAANTNTANIIAIUIAINTINAT | DBINTIOHTUAY
pznounzaisTduRaNA1 q Aldanmsnadeninediu azgninwSsuifisuiumnasgu
TaseaSetumare 9 sasnsumenalsdsasulilumsei 8 (dusesiin) masi 9 (Fuian
Anden n uaz ) MR 10 (GunTIonuAume) wazm el 11 @uAauAumMe) MRamMmAseu
AnanuinazHamaSoudfisunu

- noewENAunznounaalunn | ennduwanlisansaliduiaaduiiume

#uaanlamszimanszavesnmaaazluiulumunandedimun
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mslinzneuilannmsgasennzaduisamawnulusmume

msnawnunemeiuazneunzalusandulininiesa: 40 vemimin
winosanazlavliAmUS I aA N TURIRI TSI AR AL
gusrassuNENURsLuaset ity willefiUSnaAunzneusn oy
AU naa s Euivmnssuin e mbahminuigoanana
mMsnALNUNTIEMeAUAzneun:a luenTullnuseen: 5 alulinanseny
Ao 1§ 015 uarmIvInd? waloUSinapunzneuniauniuazitlim
7 0 915 anmouazmmsUINAIRNTY

MINALNUNIIBAIBANAzNEUNzE IuERIEuliAuTeea: 15 dwnsald
Lﬂuiﬂammam?usaaﬁumﬂﬁ
MINALNUNTIBAIBANAzNEUNzE e IduliiAuIeen: 20 swnsald
duduiandaden n ua: 3 funseanAume waztuAuoudumold
MINALNUNTIMBAUAzRauNz luenaEuliiAusosa: 30 swnsald
duduianfnden v uaztuAuauAumold

MIWN8  MIUITBUNBUANTNTAYDINTIVHENAUAZADUNLANUNINTFIUTUTDINUNY

INANINTIN

AU

DNTITIUNT L AUAZNOUNZL

mInAsey e [21]

100:0 95:5 90:10  85:15  80:20  70:30

AMINANBUAMANNRNNTOTR0

% NA NA NA NA NA NA <60

coarse aggregate [31]

manageuTLIAIAYRY IR lAY

2 . . E E E E 1nIn A-E
WINAZLASILDUR [32]

3 MINANBUMANALIARND [26] % NP NP 21 23 25 29 <35

4 msnageuMATHNaEAn [27] % NP NP 5 6 7 8 <11

5 mInAseumMIDs [33] % 76 96 56 32 28 8 > 25

A3UNAM I

NA = lugnansamaila, NP = non-plastic, * TUHIMNIATFIUTOINUNMITEANINGIN

MuITeiiingUszasAineAnmanudulyldlunisuszanaliAunznaunziangnygnasnain

Momarduvanat SLnersN Wwingays Wisamaunuensuiunluons s 9

edszgnaldduianlunume Tnensgezgnunuimeiun:noun:ia luens 1 IuNTIe © AUAZNDUNIIN
Tawihwnnuiene 9 laua 100:0 95:5 90:10 85:15 80:20 70:30 60:40 50:50 40:60 uaz 0:100
UAIMARBLINAMNNNUAMIATE Ao suIAAR: NNAGAWOTDSN UATAINAIITIUNZ URZAMENDA

MUIFINIIN Ao MIVADA ua: @ D 215 uazlSeuisunamanageunlanunnsgulasoasg
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TUMIBDININNINI tnewamsfnsusoagulani

69

- neRaNAuazneunsalunn  q anndunanlisnsaladuisgrunumsiuagnla

Wwsziinsnszanessnnaa:ludulymutnangeimnun

- MInAunUNIEMIsAunznaunzaluanduluiiusesa: 5 azludonansznune
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Abstract

This research is to present the model to explore the hot spring by measuring the electrical
resistivity of geological 3D model with offset Pole - Dipole array at Ban-Punamron,
Dan-Chang district, Suphan-Buri province, Thailand. This survey was covered area of
1.60 x 1.60 square kilometer with current electrode and potential electrode, and the distance
between them are 100 -m, inside survey area. The outside survey area has source line
between them are 200 -m.

The result showed that the 3D geological structures of the survey area which found
at mountains have high resistivity zones which more than 3,500 ohmem as corresponding
to granite, quartz and feldspar outcrop at that location. At middle of the survey area has
resistivity of 30 - 500 ohmem. They are represented to the position of groundwater, sludge,
faults and weathered layer.

Study result indicate geological structure of this hot spring is identified as hot spring
type 2 which classified based on general hot spring model that found in Thailand. The hot
fluid uprise along faults, mixed with cool ground water and become equilibrium with host
rock. However, these interpretation results indicated that the 3D modeling of hot-spring

which are accurate and reflect geological conditions better than the traditional survey.
Keywords: Hot Spring; Electrical Resistivity; Offset Pole - Dipole Array
N

":mLﬁa\fmﬂﬂfgﬁﬁﬂf]ﬂWﬁﬂﬂﬁﬂi@ﬂﬁ]ﬁgﬁMiﬂwalﬁmhﬂmummﬂﬂwﬂdaulﬂﬁﬂawuﬁf1ﬁfytﬁﬂaﬁu
m3donalumsimamaunumnlfunmihiudemas [1] - [21 deezansadielivszmea
AnANuiuAIazANNdEuMuUNTsuAddn  Asdundsouanudeuliian dududn
madennilsdmiumssuiefumsnawmoiAssgisasdoaniisansidonalidnsaniums
siamunsondsnulnilisenadesmuulouiesesmasgioindu

anssayidudndanianilsluamanaifiimfouduunamsnenssssumily
USinaiisnweremathslivs:lendls  dagiuvethmieummiaslilisumsnamedsasad
emsnoaiieImsansnsonamnssuudetsla smnanUsmaniwiounsealdefismau
Ligsinaueuaznnwaremstuilivs:loed  snmsAnmdenaludosiuesunaoimsen
Tuuszndlnelnedeyasesnsuninensssdl [31 nuiuvanimieu sunefuie danin
awssay3 (SP1) figampiivszanm 38 esmeadea duluszAutisgumaiiidnnnusnga
ilianniduunamosdieslumsenimieuls  uwadissnnilagiudefifeyamsssalifimene
maMunuauzaemassiazdaduwsdoeoiisanfidnenn samounumstitlldus:Tond
AUNINBATNIOUNRINAIIIUNAUNULA



13813 Wns.dmu atviInmmansuazmalulad TN 11 aUun 2 wgeman - Fomau 2561 75

dioT A.A. 2012 Badmus, B. et al. [4] Iéinaualasoasomossaiingr & Abeokuta
Terrain of Southwestern Nigeria 91mnmss1samaanumunmulii wwu 1 2 uaz 3 4/
Tnautiseanid 7 wafmsauuuiinieninsa (Square Grids) limsnuslwihuuy Pole - Pole
Array Auszozviosalaiundy 13 uaz 5 wes muddu smsinnsiwazinesdoyadie
Tsunsu RES3DINV [5] wamsshsiausnsliviudolasoasossdiine wu vSnaiduiu
fiun samdoiuntsreniildiu o AdnANNEnMIHTIMAU 39 was

ghusudsanalne Wl a.A. 2007 Giao, P. H., et al. [6] 1ﬁﬁ1ﬂﬁﬁﬂ1ﬂmdaﬁm§au 2 Wig
Foegluaiiui donianigauy’ Mmemsdisramemsiamanumumuliiuoy 2 37 woh
MI1399MEIBNMIIAAIANINMUNILLUY 2 TR 1Tauanans:lATa310N105381INe D0y
ihnSeunswooundld  maonsuidudeyaisudulumsnowsuiamunanimion  nasaniu
IaimsAnmunanimseultom domindedln el . 2010 Tae Neawsuparp, K., et al. [7]
IiimsdisateimSeudemsiamanuimunuliiiuoy 2 37 Teenoda iy
Dipole-Dipole masefisAluEuEiouLUUTnm (Refraction Seismic) Uazn138159A
MIIAMEINUNIMANSTINTIA (Magnetic) wuv 2 A PARAMIANINUDI MITITIIAILAT
Famanusumuliihasany manuimumuliiimn sudumhusesunasininimieu
firudEn 80 w3 KamIsIvsARuEuEfounutuiugwlusAuAuLazusesRaulng
Ausunsasteimiou namsdsafmemsinmauuwinansssuni wulddeaanuiu
witdin (Magnetic Susceptibility) Aduuus Georaduwmiiihieulanulnamuduuléd

miﬁﬂmum\imfm%'au e Suanburi, D. Tutl A.A. 2014 [8] & meoiaﬁm%u‘[ﬂaﬁm
dunenuesie duovmiampauys Memsinmanuaumuliiuuy 3 08 Td3Uuuumsng
wlnfluuy Offset Pole - Dipole A3zAUANNEN 250 WAT WAMITITITNNITAUTAIA NB:
moﬁiﬁﬁ'immaﬂLmdoﬁwﬁauvlﬁl,ﬂuaeiwﬁ unzlud m.A. 2016 Spencer, H. W., et al. [9]
Iivhmashsaamessdiineuazssainand il w.e. 2558 - 2559 unasimieurhs sunens
wiadadlnd  wuhwamssiTemedsmadamanumunuldtuuy 1 38 ua:isnmsin
Mnszuim@ns TN (Magnetotelluric) asaanumanmmumuliiihsmnh 60 Toviu-wns
TuszAuAnNEn 50 - 100 was Wi Liswnsansenuanusumuliihiluiuiulussdudn
Miuuuimslnazenhiduiuiiiiavestoimsen

Teunfudimsshisahmdenlutszmdlne wenanmsizaisalnensouwds sinesld
AmasTelnemyinmanumumulimluAuuuy 1 AR (Electrical Resistivity Sounding)
Tneazuanowamsssadunsidodu wiomsssauuy 2 I (Electrical Resistivity Imaging)
fugnonamssisradumwinuansmanumumuliiisesduin - Fonemssisiauazina
aasmumiliiihuuy 1 vde 2 A tu dhelimenemnlnihuuulalna - laTna (Dipole - Dipole
Array) Taganeazmsiedaliiuudnad szuansnanisd1saldaludnem:lnsoase
mossdiinenifimaAsuudasluwmfowiniy [10] dmsuismsdmamessdinenlagldis
myneslnihuuveerdning - lalwa (Offset Pole - Dipole) azanunsausnnannea:
Taseaemessalinenifinmswasuudaomsluuwnows:luuwsulda [11]



76 maUsadinamnssdiineunasimssumeomainmyinmanumunulii

ilaseindiiamemuiidsdosenaiosiedsrs wumsdimaunsoimTeuly
Uszmdlnefinnudnlumsdseldifiu 250 wes vy AsdumsdisslussAuianiuesiu
Us:Tomilumsnamunasiwseunfemafigoiuld  msfnmiidumsdisaiosadiv
anmssaimeunsnimSeumnemaiamsinmeamnumumuliiiliiu o huhnseu sunamud
Jowingwssaun3 TaemstisuesUuuumsisaamemsdanemlihuuy Offset Pole - Dipole
ATBUAANTILT 2.56 M3Alamns (110 1.60 AlawAs 812 1.60 AlamAs) MMIIATIRLR:
drmesdoyadeTsunsu RES3DINV [12] Tasfiszuzviasznidaluih 100 wns uazszesving
geoungInlnih 200 was AdnrnudnsesmasisIUsza 50 wRs sensauandlAud
Tassaomessdnesasimauldaulugluuusasam 3 §f Foudndliiumwadaaund
massrauuy 1 wie 2 G Ailananmudiludeosu

UsToinlAsunnmsAnmie  msuandliiudsdnensmossaiineuazouningeote
ﬁm%au”l,ugﬂl,mwaﬂmw 3 §f Gombenuiifeifesiumsianniuiivinadng @
SodawamafAnmiioidudeyasivayumssesulszanm  mMssmuanmAsgnselnduiio:
aadulalimustivauulasems  SngUssaeAmsusulauwanimSeuiidusmuiveniieauilns
vosdoningnss3 dnazdonalianusslenilnesmuimuruuazdsnuiionduedluiuililuewan

AFAntumsIae

FEmasuiiumside sunsautseenliiu 5 suneu edueldfail
1. fAns9IusIntaya
ABeuliihnsAnmsnsamdenama ¢ liun Teyamoniicnans ssdline A9
TumsnuuwumsUuAMSHITIIMATIN  MINRBINENMTEITIUAZNITIATIZANREDUNAL
WoaSunuudmeamessdinmzesiuiiinsdisrs  asenawdunmsnunuuaziesiu
diodndgmuaznanszause 9 Aeadaduldlumasnin JupsunsAnmsiusnieyail
ashmafunuTsieyanslusinnuuazasiuiieiuieys lusmuignhmsdsafnmase
2. 5 wuuuiesienssin
2.1 M3AOINAMIHNITII
AsmsdrTanessaidndidumsfnmlupnuunnaisoonmautAnig
mamwaesianme | Wan Tnemsinmfmemadiame 9 fivuiiiu mIdmeiwamsdsg
TnemluaziimsasouuudiaosmessdinemarsgUuy  uamsdnnummdul e
wwumesmunanngeiuaznailinnmsieesnanisdiseianiuys:lemilumseenuuy
ADIANIAULZAI 71‘Lm’l§€\fﬁ’flﬁm’]ﬂf\iinllLﬁﬂiﬁlﬁﬂf\]ﬂﬁﬁ’]i’lﬂﬁﬁﬁ@ﬂ [13] shwsumsdaeswam a9
(Forward Analysis) #1#33msinmanumumulniilnenssinesnaniss13199:Aeoass
wuudReaMessEInesesiuiiresmsAnmidmmulsidumanumunmuliihoesiuua:
furfinag q anenugluuumsnodaliih



25615 uns. 88 atvInemaniuazmalulad TR 11 a0uf 2 wgemen - fomau 2561 77

ile? A.A. 2008 Raksaskulwong, M. [14] Winauenuudaesmossaiine
usndlifiufsssamaosunasiifinanuiouliianuazmslnadourenindeu  sunsauisesn
T 2 dszan fie dsaand 1 hieulnadumusesideusasiuiiu (U 1 (1) uwazUszand 2
ihmansuiuihfeuuazinmasuanmmannadmand (Ua 1 (@) msiaeowamadsg
(Simulation/Forward Analysis) ldvhmsimuamanusmumulnihzesusazaiavasianiior)
luwvudreaszes Raksaskulwong, M. [14] Taemmudsanumumulnihoesingmossaiinen

wWioldlumsimesnanisarsiananslilumsien 1 [15]

LT T Gepthermal Fesényoir, | 23’“.-"
UL emperatucew 350°CT, T0 L L

(1) wvudrmestmiou Ysuand 1 nsdiihieulnatumusesionvesduiy

Hot spring

+
+ 4 4 thmbhavntdeas WA+ +

(1) wupdaeethmdou Usnni 2 nsalihuimanauiuihiouuainmsUsusmwaunagmonil
Un 1 wuudreesmossaiingvesihnseunnulalulsznalne [14]



78 maUsadinamnssdiineunasimssumeomainmyinmanumunulii

mywn 1 mmudsanumumulvhoesingmessalimenieldlumsdmesnanisdisda [15]

Jain mAnumMuMulT (Q.m)
udnil 2,500
oy 1,500
AU/ nznaunu 75
h¥ou 10
soBLADu/ fiun 500

22 maUszuiakadounay
msUszananataunaunse Inverse Analysis {WumsUszaiawa luiAmonsoiu
fumssimesnamsdisg TasazsimsmaumaAmaniamemenmain 9 aialalumaguy
Tgeunduaniuuuudnesmessdine  AnumsAnmuuudinesiensdansiasihmae
WU mesTATEUARNILTINARIMIANEZUIA 1.60 X 160 MywAlamas Tnefiszazioszrhodilnih
100 wAs uazszaziBaswLIT Al 200 s muwssmesmsARmem L luswm fuguii 2

S1 N

2

Taseunszusilyiih ; .
» taianszudlwih 16 1 s7

JUN 2 uwurspesmsAnAssd v lugu

@imﬁ"ugﬂLtuumiamﬁv'ﬂWWuLW Offset Pole - Dipole feenuuulag White, R.
et al. [11] taiinuszansmmlilumsinmmassauuy 3 {7 (Ui 3) Tne P1 ua: P2 iluthin
i €1 lunidesnszudliih Tnemanudnlumsdiseduetivsesiseooumoses
uazinnszualnih (b ua: na) MestuuumsnoeIlihuuy Offset Pole - Dipole fifefnaeyszms
o1 luszesmesnesalwifioinan msmeslnihuovillvduanainnuaslianusn
Tumsd1599gon N FUMUUMINITIUUEY 9

3. §1929MAFUIN
mMafsImATIL mMuunuiisasmsAnastaliilusnn (Ui 2) Uszneude
antsosnsualilimonun 8 wua Feszeziolddimsusuliazanlumsdimaionandasiiug
auassn Tasgndsesnszudlnihagnredniuinsesdonszualnih Zonge GTT-10 AugUil 4 ()



5813 Wns.8eu atvinenmansuaznalulad U7 11 atuii 2 nquniay - Gomau 2561 79

uazgadanszualiih Suou 9w Fsazinmanusumulihfemdes Resistivity Receiver
(ScintrexIPR-12) fuguil 4 (2) siluwraadsesnsualiihinualinsouaauiiuiniggsin
WA 2.56 MINONLALNAT

masasumemsianyaimuamunissesyalsesnsudliihuazaninnT:ua
Iwihienesiio RTK GPS udiAniumsinnsaainliih (Non-Polarized Electrode) ua:
Anmouomanidunusesnsudlniiluguy emelsimy desnniulumssnaieivieya
fmnalnauasduenguoy ilidugdsssaeneiuuumsdisn Aniumuiiedeinmsina
i Tasimsusuasumuanumnzsilumasum Tnsfanananulaeniouazanmugnies
vosteyauouAuLIn

- na > a —»
* [ ]
P1 P?

gm’?; 3 gmmumsmai?ﬂﬂﬁﬂuammmu Offset Pole-Dipole

N ?ﬂﬁ -
e

(n) nsaviasunszudlnil Zonge GTT-10  (v) waaginmanumumulnvh Scintrex IPR-12
un4  guasariamanumumuliluswunegeu

4. MIUTTINANININIITID
mAnwmofndunzmnszudliinanensumiidn GPS fildnnmaiutesslumaam
agnnTIasauAnASIteuMsUsInanamsdn  Wenmansadeuieyamy | 13ouSpoui
asheymnuatoundumslanuarmossdiinen (nvert Model) lutuneuiia:foonieutayn
Tidulumustuuuilusunsusznansldmmunsuuuulinadwsildo:uanamanumumulih
iitou (Apparent Resistivity) fuanildamnanudunusaoaunsi (1)

p=2mR (1)



80 maUsadinamnssdiineunasimssumeomainmyinmanumunulii

1o
p Ao Aanumumuliniaiiou (Apparent Resistivity)
a A szziwalni (Electrode Spacing)
R A mAnumMumu (Resistance Value)

5. aswuvunaesmanumumuliiuuy 3 IR

mldFnmssssszgminnisznanamelsunsy RES3DINV [5] wSauiiazld
manumumiliihoesmumiouazsziuauRnme 9 fsansaillugnonaseTsunsuiidase
woudnes 3 i deteyadlisumstsananagnuandulusunsuaouuuinouds naansme
wuvdmaszasmaNumMumulWiiEiou (Apparent Resistivity) wuu 3 3a

NAVVIINBITIAN FnaulanunneRansa13991n3l 3 1A Taglananms
warmunemediuandsmanumumuliih dufeiumsssu 2 57 [16] Msuanoms
fednianuuAnmeiuiuIzsI sasunanMMgssaInezasgATimsdTalalaeld
AsantAA UMl hfurnmofues iaamessdimeuaazaiia muunlae Palacky, G. J. [15]
Aoguil 5 Aodu msaseuuuiassmanumunuliiiluiazdissesienaiisenndosiv
mANumumMulivhsesnguisnlaau JelinudAynemsulanatoys

resistivity (ohm-m)
0.01 0.1 1 10 100 1,000 10,000 100,000

massive sulfides 1
em— icld
igneous and metamorphic | unweathered rocks
gra$ ite

. (Ignegus:_mafic felsic mott,ed duricrust
saprolite{ Zore weathered layer
metamorphic)

clays (wet) gravel and sand
|

glacial sediments

tills

salt water fresh water | permafrost

shales sandstone _conglomerate
[ =

sedimentary rocks

water, aquifers

T T
100,000 10,000 1,000 100 10 1 0.1 0.01
conductivity (mS/m)

U5 AmantAmaniheesingmessdinen [15]
WANIANEN

1. msfnmsunsteysuaziTamATuLTesAu
MnmsAnmioyaiugumumaneasseslsansluiuined  suneafui
Faningnasn Avetuuranziuanaesuwsiimiu ludiduiuiiney uwiuds uaziuiguen
Usznauluswnemuing snlnausznever@mnensnssuuszeinfifeddesiumsinensiusmg 4
dmsudnyanessaane imeuwisineguumissosmenduaziamhi AfiAunznou



25615 uns. 88 atvInemaniuazmalulad TR 11 a0uf 2 wgemen - fomau 2561 81

Taviumuuy  swdnnnmsiaenzyissesivluusnaiuuzazaniiegluudnadnelilog
nnfpudensegmaeiian: unnzenihmiouanaiin  dndlurzneugantamai3dniszneulie
nenenulunasaiunedudunn - masendenaunzneuisenmudnyndugussaine
Tisizani 1wy AznewAsiiudon (Colluvium) winalasseuiumhmseuts:nevlufe fuunsiin
unstulalelsa lnlelsd wilsusmenduazmaathiilelas gawlaleda (Mesozoic) fansa
wuldheunadummuiinn: fuanuaza: fusenidedlisesierimiou [17]

'0ld alluvial fan, colluvial and old flood plain deposits

of high and low terraces consisting of gravels, sand, U ol EISTOCENE
and laterite.
o s e oo SR s
ot et BO PHLOI FORMATION ;
I barcs. brownish shae vitn araptoite;  KANCHANABURI A
s mhab;aods. aroilte, QUarnzle THUNG SONG GROUP  epovician
g:(ael;ﬁe, granodiorite, diorite and quartz feldspathic |GNEOUS ROCK o

= P aa s N4 o ' o o o =
E‘IJVI 6 UAUNSIUINGIDDILRRINAIUINIDY DUADAIULI JIWIATWITULYT [17]

1N3UN 6 uaAswHUIMs AN UazMusinspenimieu thutimieu g 5
fuamuie suneAmie dmingwssans vuwsuiissdine wwuinimiouiuegluviom
Miufuunsinuazuninalaednlngeeguuiuifiuunsin  Sansdefiuuisesidouuuiiud
Maf15999 109U 4 G0 5 uuisesiion

2. M3NNOINITEITI

wamsdrmeouuy 3 Ja lauaadliluguil 7 sansougaelidiufenindauua sy
Horizontal Section) uzuuing (Vertical Section) ﬂaaﬁaﬁm%au %’iﬂummﬂmﬂmﬁwﬁau
azfimanumumulii 10 - 25 Todu-wns muilddmualiluuoudines uazAmAus
anumumulwihaosingmossdiineniielflumsiaeonanasdisnn Aomsiod 1

madmesmsdsafladanauiu sunsansulafansaslaseasomessdine
adululFfaundnimsouldiuuazmauanonaansiduls: Tonilugureumsnoununsdsm
ApuMIf1929939luMATIIN



82 maUsadinamnssdiineunasimssumeomainmyinmanumunulii

Distance (m) Distance (mz)
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000

0 0

Distance (m%)
0 1000 2000 3000 4000 5000 6000

=

1000
2000

Distance (m)

)

=3

S

3
Distance (m)
Distance (m)

N =

g 8

38 8

3000

Depth 0-45m 3000 Doepth : 45-100m Depth : 100-145m
€

Distance (m Distance (m%) Distance (m%’
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
0

S

S

S o
o

Distance (m)
)
S
=3
3

Distance (m)

28
S s 8
S 3 3
Distance (m)

w
S
S
=3

Depth : 150-225m
Distance (m
0 1000 2000 3000 4

Depth : 225-300m 3000 “Bepth : 300-400m
) Distance (m) Distance (m%)
000 5000 6000 O 1000 2000 3000 4000 5000 6000 O 1000 2000 3000 4000 5000 6000

=3
=3

E E B
= 1000 = 1000 = 1000
3 3 3
g 52000 £ 2000
& 8 A
3000 “Depth ; 400-500m 3000 “Bepth : 500-600m 3000
Resistivity (Ohm.m)
1 1 1 | Jusjc Joo)  Jowimmi fes) ] ] |
10 25 75 175 425 1100 2825 7200

(M) MWARKLUIBINDDILUDT IR0 IHINTOU

Distance (m) Distance (m‘e Distance (ml?
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
0 0 0
E175 8175 §175
<350 <= 350 <= 350
g g
Q525 525 Q525

)
700 “Y-Distance : 900-1000m

700 S

Y-Distance : 1000-1100m
Distance (m‘? i
0 1000 2000 3000 4000 5000 6000

700 1P -

Y-Distance : 1100-1200m
Distance émz
0 1000 2000 3000 4000 5000 6000

Distance (rr:‘)
0 1000 2000 3000 4000 5000 6000

0

0 0
175 E175 E5
= 350 = 350 £ 350
g 3 §

&525 8525 525

A Al A
700 “Y-Distance : 1200-1300m 700 “Y-Distance : 1300-1400m 700 “Y-Distance : 1400-1500m
istance (1

Di m‘? Distance (m) Distance (m2
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
0 0 0

E175 E175 g175
2350 = 350 2 350

Q525 K525 K525
700 2¥Distance : 1300-1600m 700 Y8 Distance : 1600-1700m 700~y Distance : 1700-1800m
Resistivity (Ohm.m)
[ () [ () N [ ) (O N . .
10 25 75 175 425 1100 2825 7200

(7) MWARLLIAITBILUUTINDIUINTOU
JUN7  AMWARLLIZNILAIUUIAY LUUTIRBIiINSaY Usiand 2 91001 3 0A

U 8  wamsdineanumumulnihlszneudumnmsauion



25615 uns. 88 atvInemaniuazmalulad TR 11 a0uf 2 wgemen - fomau 2561 83

anUs1eNanIsANE

9ngUi 8 udnswams@eANumumuliihuszaeufumMwiemaiion dadummdedou
fuandliiufamunissasguaunnnmaensemaiuwsuianumumuliissels
dewSouisuunuiirnumumuliihiowsuimessdinenaznuininaiuidudum  fe
anidmanmmumliihiigemnand 3,500 Tevia-mns Gasansmdumeed 1 uazgUa 6)
wanliiudoumiuunsin  wismenduazramhi [17] dmiunounarovasiuil wum
anwmumulsiiisng Aefimogszing 30 - 500 Tovu-uns Gouanslidiufouuimslvadu
sonilAAugiaAulumundsiidssestoimiau Snvomanuimumuliihdsnandesinga
wannumnefuandlidiufoiunissasiunzneuua:soneunsetuiiunlaandoe

U9 wuudreeelAssasMesIAINEIUBIINIBULUY 3 AR

amnmsusaskamanumumuliiisioulusuuuy 3 47 essouuudnelasai
mossaine sansauanslafogui 9 doduguiuandliiiugnmmessdanaladaeunnni
mMaudAoNaLUY 2 AR Taeiuddinby Asuduaidmanuimumuliihd dodunmadi
wmziasianfiielinszudlwilvadouldne Wy i duiu dwsoiundue Aevsom
ateusunuliihgs  wandlidiuindusmunissosiunsentions eidiefinsanam:lugdiu
soonamsiaisianumumuliihliiy 500 Tevu-uns (hiudnonamunioin) o ANuan
50 wng sansausadliiudsunseseusestuiwiuumg wie - 17 wiamuaaeiuigsa
ihmSeuszunsnegssnouwisesdeusesduiulifiu Aoguil 10 wazgU 11 Momunilsenafoody
wnufissanmezoounRnimSeu nnamuing dmingwssnn3 mudoyaueonsuninennsssdl [17]
Fousndlugui 6
Uil 12 FegUiniuansliiiudsanyaTnssaomossdimenlassumesiothniou
iy wuNesiiAnziunndedls (W-S) uasunesiianziueendedls (B-S) doiligauladnm
sunsadlaazueoiudnvaslassasomossaiinelddaaumnniy



84 maUsadinamnssdiineunasimssumeomainmyinmanumunulii

fgmemsivazesimSouuansliviuldnnguanlugun 13 pfiuanamumisan
ihwSeuuszsesReuzootuiuliiy demuuAgulihansaaimfeumuiofntunnusnmieu
ﬁag'laﬂ‘lus:ﬁuﬁmﬂﬂin 2000 wrs TnedasunniblaaueslvaaslymunulseeuLas s0suAn
vestuin  WeldsundnuanuSeunnusmmdinuanuousmiliudihseudslnadoundutum
muuuITesieuLazseauAnzasiuiwielnaivinazanluduinlAduiogluszduanudn
Usznm 1,250 was iAoy q Inadudusnuuionu

IJ s d' P o s Ll 2 T a o
JUN 10 gUARTIAINEN 50 WA inamsuansnanumumuliilibu 500 Teru-uns

UM 11 wwudmeslassaiomessaiinet 3 17 Hiiamsuansranumumulihlidu 500 Tevu-wns



15815 Wn.dau atvinemansuaznalulad U9 11 aUuh 2 wgumay - Fomau 2561 85

(n) yuuasiAnzTunn@edla (W - S)

() YuuesAnzusan@adla (E - S)
= @ o 1% aa K v
UM 12 JUARuansansazlAIINI1MIsIAINE Bl IN TN

&
vnzau

= o a e I
3UN 13 uAnuansiirmemslnazesimiou



86 maUsadinamnssdiineunasimssumeomainmyinmanumunulii

f3Unamsfinm

dnwaizlasosomossdimensenimiou  Suaemuing anvarsonAResTULUL RDNNSeU
Uszanil 2 AagU 1 (a) Tnedfindunihduuazihmonu InaasgléAunusonidon sosunn ua:
snguzesiiu  audvanuAnssiunis  wasnalasumsmemanuSounnunaswdsonilaian
sunmadluihiound  anmsnaiuzesdufiuniondons  thieudsnana:lnanduiugiofu
fpusadugs Inamumusesifion sesunnzasiiu WenauduiilaAudedigamaiisnd Aadu
ihnSeunsevergu Aausmmafizosimieusiaidsliiiu 60 ssrmaided uwnanimiou
wisiiAnamaiannsanmululfludumsieoiisiuazmsadoveseuuiaiious: Toad
Tugumaneas  asenaumsiaduwmssdunnmsuazmsveandiedliluewan Vil
115200UIAIVY T MAINNIITIBAITNS DA TEHUTLUITURINUIINA AN TULTB AL
unaonsnennssssuddusauiivesfioniy - mbenuisvAntevezdesiitoyanisaisn
mindedeld  msfnmilidudoyamoimmsiteasivaunliginedessansatluldvs:Tomd
Tumsdnnunnoudszanala

dmsuilymuazdomuouuziunun  gudssazasmssssluiuinhedneadndymiu
Uszenmuegluiuiiaue Wy mahasinlaiudssnaudsingus:asfuosmsfinm mMazeeunnn
il luiuieainede  sameiulimsinsnsonlsnmuiiensmethdynim - Anenau
maaARanTIUINAINTIIM I Maremslitanlsiriuseslsnmiluaaiuiizesmasig
yndamanaumomun waiiumsAnmlavinmsunlodgmasnanmemsianuilaus:
waRBAURINTY Anenaumslidayadmsni q efidesdouazdeuaiuainlszmau
Tuiufaunszissnsainulddusnsuiumuingus:aoAoosnsfinu

References

[1] Pan-Aram, R. Wongwises, P., Pimonsree, S., Zhang, M., and Pimonsree, S. (2010). Preliminary
Assessment of Wind Energy Resource Over Thailand. KMUTT Research and Development
Journal. Vol. 33, No. 2, pp. 75-88 (in Thai)

[2] Raksaskulwong, M. (1999). Geothermal Energy Development and Utilization in Thailand,
in NEDO (ed.). Proceedings of Asia Geothermal Symposium. New Energy and Industrial
Technology Development Organization (NEDO). Tokyo, Japan. pp. 70-86

[3] Department of Mineral Resources of Thailand. (2011). Hot Springs Resources. Access (10
May 2017). Available (http://www.dmr.go.th)

[4] Badmus, B., Akinyemi, O., Olowofela, J., and Folarin, G. (2012). 3D Electrical Resistivity
Tomography Survey for the Basement of the Abeokuta Terrain of Southwestern Nigeria.
Journal of the Geological Society of India. Vol. 80, Issue 6, pp. 845-854. DOI: 10.1007/s1
2594-012-0213-x



[16]

13813 Wns.dmu atviInmmansuazmalulad TN 11 aUun 2 wgeman - Fomau 2561 87

Loke, M. H. (2014). RES3DINV Program. Access (30 July 2017). Available (http://www.
geoelectrical.com)

Giao, P. H., Putthapiban, P., and Vichalai, C. (2007). Geophysical Investigation of Hot Spring
sites in Kanchanaburi with Reference to Local Tourism Development. GEOTHAI’07
International Conference on Geology of Thailand: Towards Sustainable Development and
Sufficiency Economy. pp. 104-108

Neawsuparp, K. Soisa, T., and Charusiri, P. (2010). Physical Characteristic of Pong-Kum Hot
Spring, Chiang Mai, Thailand, Using Ground Geophysical Investigation. Proceedings World
Geothermal Congress 2010 Bali, Indonesia, 25-29 April 2010. pp. 1-5

Suanburi, D. (2014). The Application of 3D Resistivity Measurements to Study Subsurface
Geological Structure of Pong - Chang Hot Spring Situated at Ban Pongchang, Nongprue District,
Kanchanaburi. Proceedings of DMR Conference 2014. 9-10 September 2014, Bangkok,
Thailand. (in Thai)

Spencer, H. W., Kaewsomwang, P., Suvagonda, F., and Warapan, S. (2016). Fang Hot Springs
Geothermal Area, Chiangmai Province, Northern Thailand. Proceedings of Geological and
Geophysical Exploration in 2014-2015. The 11" Asian Geothermal Symposium 18-20
November, 2016, Chiangmai, Thailand.

Loke, M. H. (2010). Tutorial: 2-D and 3-D Electrical Imaging Surveys. Access (23 July
2017). Available (http://www.geoelectrical.com).

White, R., Collins, S., Denne, R., Hee, R., and Brown, P. (2001). A New Survey Design for
3D IP Inversion Modelling at Copper Hill. Exploration Geophysics. Vol. 32, No. 3-4, pp. 152-155
Loke, M. H. (2001). RES3DMOD V2.13f Program. Access (30 July 2017). Available (http://
www.geoelectrical.com).

Zhdanov, M. S. (2002). Geophysical Inverse Theory and Regularization Problems. (1%
Edition). Elsevier. New York. pp. 628-630

Raksaskulwong, M. (2008). Thailand Geothermal Energy: Development History and Current
status. Proceedings of the 8™ Asian Geothermal Symposium. Department of Mineral
Resources of Thailand. pp. 39-46

Palacky, G. J. (1987). Resistivity Characteristics of Geologic Targets, in Nabighian, M.N., ed.,
Electromagnetic methods in applied geophysics theory: Tulsa, Okla., Society of Exploration
Geophysicists. Vol. 1, pp. 53-129

Wiwattanachang, N., Vichalai, C., and Jantasuto, O. (2016). Dam Stability Analysis by
Electrical Resistivity Imaging and Natural Electric Potential Technique. RMUTI Journal
Science and Technology. Vol. 10, No. 1, pp. 35-48. (in Thai)

Department of Mineral Resources of Thailand. (2007). Geological Map Suphan-Buri
Province. Access (25 July 2017). Available (www.dmr.goq.th)



ISSN 1906-215X

Ysmamasouzesunsidoimasainmidusiviuaslundeelinsal
Wadladiun

Energy Yields of Fuel Gas from Cassava Rhizome in a
Fluidised-Bed Reactor

Bwz wavnu’ uasngs moalin’
Received: October, 2017, Accepted.: January, 2018

UNARED

mananuimdomdszonniiusmasluniosjnsavigdladiuaiunsfnmmununals
rosnAnA ML UTndsnuresuisiomAsissAugmunginig 9 Singusasdiefnum
aunadUZAsen 5 szAu A 500 600 700 800 wa: 900 esFndaded AeUIMIMHAlAYDY
HAnANTLRUS MmN ITesuAmdemds  FoufdueaidAounamasnuanuioudmiy
guiAInatewmMMmARDIuRz s mAResuaza mAgnlfiduuiom  USinuwaldseowandamils
PAMIEUAANIATOULRIAINIINARRY TAsilindodinnziuia GC 8A dmsuiiATi
DUIAUIZNBUUAT HANIINANBINUT BannlUfATen 900 evrwades lnUsmnawalivesuns
gaandoua: 909 Tnethwiin winfailafimenuSewnaaiu 12 wnzgarenlansy aniigomni
UG 800 evridaides Aoanmgiinvanzdmsunanuiadamas innzivsnanalivesuis
uwazUSmmnasnueuiaiaua: 85 Tagvmin

MaA :  USamauoy; Mmandauidemdy; uidamds; mihdudilmas; Wedladiun

L Faculty of Agro Industraial Technology, Kalasin University
* Corresponding Author E - mail Address: wiriyadangton@gmail.com



13813 Wns.dmu atviInmmansuazmalulad TN 11 aUun 2 wgeman - Fomau 2561 89

Abstract

Gasification of cassava rhizomes in a fluidised-bed reactor is studied for investigate of
product yields and energy yields of biomass gasification in different temperatures. The aim
of this study is find the influence of temperature in five levels were 500, 600, 700, 800 and
900 °C on product yields and energy yields of biomass gasification in the fluidised - bed
method. The liquefied petroleum gas (LPG) was used for the heating system before the
experiment and air as a carrier gas during the experiment. The product yield was obtained
by mass balance before and after the experiment. The gas chromatography (GC 8A) analysis
method was used for analyze gas composition. The results show that maximum fuel gas
yields from cassava rhizomes of 90.9 wt% at 900 °C. However, the gas with the lowest
heating value were 12 MJ/kg. While the reaction temperature at 800 °C has gas yields and
energy yields of 85 wt%, it is the ideal temperature for producing fuel gas.

Keywords: Energy Yield; Gasification; Fuel Gas; Cassava Rhizomes; Fluidised - Bed
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Abstract

This article aims to present the study of effects of two additive materials to reinforce
materials an epoxy resin matrix, a widely used thermosetting polymer. Epoxy is used in
many applications nowadays, such as in fiber glass works, automotive parts, electrical
electrodes, coating of surfaces and flooring materials. The first additive material is fly ash,
a coal combustion by-products from power plants. The second material comprises
Chain-like Carbon Nano-Onions (CLCNOs) which are synthesized from a flame burning
process. Using strengthening advantages of fly ash (silica and alumina) and hardness from
CLCNOs, the bulk volume, stiffness and hardness of the resin can be increased. These CLCNOs
are new chain-structure Nano carbons with interesting mechanical properties in comparison

with other additives or reinforced fibers.

Keywords: Mechanical Properties Tests; Epoxy Resin; Fly Ash; Chain-Like Carbon Nano-Onions;

Nanocomposites;
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Abstract

The used water use analysis of red tilapia (Oreochromis niloticus-mossambicus). The production
from fishery farms was conducted in Sena districts, Phranakhon Si Ayutthaya province
using water footprint concept which is a tool for sustainable water analysis and management.
This research aimed to analyze amount of used water per product unit of red tilapia.
The sample was 60 fishery farms during March, 2016 to January, 2017. The results showed
that the average water footprint of red tilapia production was 4,460.77 L/1 kg of red tilapia
that consisted of 4,213.48 L/1 kg of red tilapia from direct water use in the process (blue
water footprint) and 247.29 L/1 kg of red tilapia from waste water (gray water footprint)
in fishery farms. Therefore, to decrease the amount of water footprint from red tilapia
production should be focus on developing the efficiency water system to sustainably in

fishery farms.
Keywords: Water Footprint; Red Tilapia Production; Fishery Farms; Phranakhon Si Ayutthaya Province
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ﬂ%mmﬁwﬁi{ﬂumiwﬁmLmztﬂugﬂﬁﬁmmﬁumuLtmﬁﬂﬂamal,ma%v!mw%yuﬁ (Water Footprint)
Fodlumdiamslihnomensouanedeanivinliuesdiusaumsaizesmslihiinduua:
malfhiufinnumnzaunnemslivs:Temingela [6] - [8]
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msmainanemeinaniunadeyldiuunsnareduisls:diunes Water
Footprint Network (WFN) Fodumsmummarsmamslimsnensthn 3 Ysaan [7] Ao
1) ﬂimammw;awsuw (Green Water Footprint: WFGreen) A ﬂimmmwau
Tugtrasanadulufuiigminnlflunsviumssanfudmuauins  deanmsdsaanuiilid
Foyamsliniluddonan JobiimsdnlimanivemeinaniuilumsAnmasoil
2) uglewmesANsUT (Blue Water Footprint: WFBlue) Ao U3wmtiiain
WnansTINIAN UM AR wnsshldAuuazunanianszuugalszmui gl
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Wweodamiviinlurhuiszug
3) nstnewasiansusn (Gray Water Footprint: WFGray) fin USmaniild
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WF = WFGreen + WFBlue + WFGray (1)
prod( )
md (p) proc (p) z i=1 ) fv(p) (2)
p 2y
~_ W (p)

_ price(p)xw(p)
1,(p) > 5 price(p)x w(p)
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e
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f.p) Ao dndIuyamPeInanAuTa1unn (Value Fraction)
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3. m3Usziiunansznu (Impact Assessment)
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W =[TW x W (p)x %W (n)x %W (0) |+ [TW x W (p) x %W (i) x %W (0)] 7)
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Tne
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dwsumsAnwilldli BOD (Biochemical Oxygen Demand) iflumsiines
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NV REIEA TS MATBINS NTIMSNINIsITUTANAZEIINGeN [15] AsilFemmnun
TmANuiTugIgATasNamiEansulf (Coy S9BITINANATTILANMMNTIENNLDINRD]
FASIIAWMAY 20 U, /R LaMANUENTUMNETTNTR (Coy) JAWNAL 0 un./ans [16]
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Abstract

The objectives of this research are the following 1) study fabrics structures, physical
properties and color values of natural indigo dyed cotton fabric with different color
intensity and 2) compare the effectiveness in UV protection of the fabrics samples.
The experimental dying of filling rib with natural indigo at different dyeing repeats (1, 5
and 9 times) was then measured for thread count, fabric thickness, air permeability,
color values and effectiveness in UV protection. It was found that the fabrics samples
with similar warp yarns per inch and thickness, slightly different form filling yarns
per inch but much different air permeability. Concerning the color values, it was found
that the fabrics samples had quite dark and bright blue color; the L* value decreased
when the number of repeated dyeing increased. The effectiveness in UV protection of
the tested fabrics were at very good levels. Moreover, it was found that the numbers of
repeated dyeing significantly affected the UV-A transmittance % at the 0.01 level and
affected the UV-B transmittance %, the UV-A blockage % and the UV-B blockage %
at the 0.05 level.

Keywords: Cotton Fabrics, Natural Indigo, Ultraviolet (UV);
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Abstract

Klong Ong Ang is a historical canal in Bangkok. There were shops trespassing the canal over
30 years. It affected to drainage and water pollution, so Bangkok used law to remove the
shops in 2015. Therefore, this research is for studying factors that affected to water quality
of Klong Ong Ang viz. removing the shops, month and floodgate, and identifying type of
surface water by studying water quality of the canal viz. color, odor, turbidity, dissolved
oxygen (DO), biochemical oxygen demand (BOD), total coliform bacteria (TCB) and fecal
coliform bacteria (FCB). We collected 3 times within 6 months. The collection was 2 times,
before opening and after closing Ong Ang floodgate. It was found that the 1 and 3 months-water
samples were green, turbid, and odorless, while the 6 month-water was colorless, clear,
and odorless. Moreover, DO was 3.12 - 5.49 mg/L, BOD was 4.39 - 14.03 mg/L, TCB was
1.95 x 10° - 1.95 x 10° MPN/100 mL, and FCB was 6.65 x 10* - 6.37 x 10° MPN/100 mL.
Besides, DO and FCB were higher than those of before removing the shops in 1983, 1998,
and 2012 at 0.05 significant level. DO was in standard level, while FCB was out of the level.
WQI (Water Quality Index) was 24.01, so Klong Ong Ang should be surface water type

5 that can be used for only transportation following standard of surface water.
Keywords: Klong Ong Ang; Water Quality; Remove
NN

anaslasaaiunaosseungefivsnsneheengwitiiimse Wunseslsiimansoes
AzomnumuasilasumsiunadeuannsuAathnsWiduTonasaudAn  mazdoiui
fanushArethudiosmuegmsmansua:UssInmanioaongosaulnguns  uasa:nouliiansue
anuaspmusniaenssy Jeauasfiozeusndly (11 eseslasernnelszauigmes 9
Taua Jammudowinfey 1@y uafemoin e wazema Wusu ussilymeony 1w
UNBIBNTINTIN UAzUMouTIUARIanaauoulneRangnne sy Gedlamasna
mAThasAnnmIReumsnmuiaseslasewnd 500 T Wunanieu 30 T Jedimaudls
TnefiszmaAnnngomnumuasliimsseasuluiui 20 ganau 2558 AR [2]

i A ihalasumanazUlusunmam Tuaznaumhiodes dusurseresdinluh
FAETUUTINABIININR WIRNABAINTIN WineUs usswiseNay Tuuwsszedelsame N
Juuwd dnd uazie washmevAiomweaznsneniieIiae [3] mﬁmaﬁmammmwm
yilamaneds 1dud F3mamomenn moadl wasneanm ugnhnamminme 9 A
u WQI iedsadinanuandsnoesimsevedls:meounasi
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MNMIANMIENIIARDNTOINIDIAIUNUARBIVANIUNTONNIIUAT 4 AR FB
ARDIVIABA (ANDIALIBILAN) ARDILINEY - ARBILBIONY ARDINAINTINBN UAARDILIINDN I
(ARBILNINAIY) WUT1 AResdsnEIUSINaeendeumnnaTInAsge Taeam DO luggiiies
fiefnegludao 0.9 - 1.4 un./a. gaumnadimegludas 1.4 - 25 un./a. danuantsaluiang
Tnae BOD lugaihiiesesluzag 12.14 - 2958 un./a. qanadieiluzag 7.34 - 14.46 un./a.
uazdafiA FCB gaifiuannsgiuann Ae egfluiag 104 - 1016 MPN/100 ua. [4] uenani
fdafimsnenuramsinmsiluaaosussy - Aradless1s wud AuANMATIAMIINATIIL
Tnue1 DO Tugauannuazinieseglutag 15 -3.0 ua: 0.8 - 1.8 un./a. §1u BOD gaumn
uazihiosegluiig 5.1 - 6.3 ua: 5.4 - 8.5 un./a. uaz FCB lugguhmnauazihiesadludas
24x10*-3.0 x 10* uaz 1.6 x 10* -3.3 x 10* MPN/100 wa. [5] shinouadnwismalasasusdn
FowndouvasUsumdAlneiisaiugummiaseslungomwamuns s:wiil w.A. 2539 - 2544
wud1 nnAsasiid DO fmnd 3 un./a. dedmduinde [6] dninmssze agamwamuas
fimsnsaseuamminlull w.e. 2555 [7] wud1 AumwihAsesTeUngIuTIMITATNeh
aavloagsdidn DO 1 2.6 un./a. FenadunesguammwiAafy BOD i 33 un./a.
ﬁqaﬂ’hmmimﬂmmwﬁwﬁaﬁu uaz TCB u 4.04 x 10" MPN/100 ua. ﬁqaﬂ’hmmgm
AaMwhAIAUduAITY

nnamwilymusinaaeslssenouazaressaungafuna  IedkAnsAdisiuieums
maﬁ]aauﬂmmwﬁwﬁua:Lﬂuﬁlaﬂa?}ﬁﬂﬂ@mmﬁwmaﬁw sz delgmmindeionainiu
waziudeyalumsnouny MsudmsdamaiAaesAtna Aoty nions3onousumAsIe
fuipaesldseounds  Jomsiimsfnyidereisrivaummiluaseclssens wWisuifieudy
AWM Ieneu IuMisnm  uazssyUssnmuosunanhmiu weliduieyalumsuims
Famahaseclosesimaseaduammimdedumsflumsa q i

ABANTAUNUIY

maideiAnmAusiu 3 dade lun Wouuaznmiumess uazmsseaeuiumagna
anesleseny mudsmm Wiud amnmihmemenw il uaztham Tnedulsiu 2 dadeusn fe
Wouuaznmiuimegoh  msidselagliuwumsnasesuuuuianeSeauuuguimeufonauysel
(Factorial in Randomize Completed Block Design; Factorial in RCBD uazduaen 3 uen
fio aiiumemahdodusmuiieduinuineimsmumanmaaorlosens swam 3 90
wazfisnauhmeluufenduou 3 4 fe Swaumeseiiiudu 3 Meotoren daumulsiy
3n 1 flade Ao msSensuumiasnapaaslesets immsidelasazideyaanmsidelunsoil
(@ w.A. 2559 - 2560) Faindunasmssenoudumnsnairsedlull wa. 2558 wsuidion
MmulsaeulYiwes (Fisher’s Least Significant Difference; LSD) ﬁuﬁagaﬁﬁmiﬁﬁnﬁuﬁa
Tl WA 2526 2541 uaz 2555 AnBudeuMIIaaaUSIUMAINEIARDIRINGT
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1. mafiufego
maviuietahvhlnadumeohsiuim 54 feths Aol Wiufeoh 3 euronss
$1uan 3 A30 unm 6 Wew ISuAILARIUSUNIAN WA 2559 TofeungunaN w.A. 2560
dusetoh 2 na Wiud deudlauammdilnls:gszuieh Wusegahan 3 999N 3 a:wu
Mivegluuinminainaniumisnainsesissets 1A S:wuUinsfing S:wuiu ua:
SEWUIAN uasAuAIeEeIIL 3 Medrean Tneduiinnuin 30 ou. uazegionag
AnunTeaans melu 1 0. noudauaznaslaUsgszued deinmmeiulundaznioes
maatnvszpuazlulaaanniu
2. mATERRMMMNMIMEBNW 1A uazdamw
mainnziauamimememwildlaemsdanauianiuing nau wazAnugu
geafmetoh  dumsinnziaummbmoeiuaiinm  nlalashimememiAulfnussldan
dmsuman e nimesameznsnrell dsmamemnhludmeofiRmsvestaiiiie
anmnadon pnaenstBTImedumelune 1 o, uasfiosufiRmsfonaainnzianmmn
MuLPRLA:TINWAINISoe9 American Public Health Association - American Water Works
Association - Water Environment Federation (APHA-AWWA-WEF) [8] ﬁﬂ‘ﬁ

1) DO ¥ilpefiuAIage1 300 8. fMeInuil widnszndeiofieds Azide
Modification of lodometric Method [8]

2) BOD shlaaifiudretnaii 1,000 ua. memalndefizuwaaivluhude @ungi
U5z 4 aurwadod) waiAs1:9nIe35 5-Days BOD Test 5220 B. [8]

3) TCB Tnefiumetoih 150 um. MeomiauimuanuSeuiiey (Duran) fisnide
feloth (Autoclave) ﬁqnmf_]ﬁ 121 surnga@es ANNAY 15 ﬂauﬁ/msmﬁa
wdadvluihuds @amgivsznm 4 ssreaideg) udiAiReds Total
Coliform Procedure 9221 E. [8]

4) FCB TaaifvmetnhdufniuuuaiiGengilainesuimun (TCB) udriins:zi
Aw35 Escherichia Coli Procedure 9221 F. [8]

3. MYIATEVTIYR

mslAszRansnazesieuiiivuazaifiiude DO BOD TCB ua: FCB vild
TnothdoyanammnAsna 13N IATILARANIETIAMULHUN TNARDILU UL AN UALUUEN
MeuRen  LnedtAT1ziANuLUsUsIn (Analysis of Variance ANOVA) miglUsunsuadn
R Version 3.4.0 sudiayanmmmihmemenin WWud & nau wazanum lismnsoinazimesanld

m3szyUsznnposunasimfwinldlaeduia WQI Tasldfeya DO BOD
TCB un: FCB wimhsnSeuiiouivtos WQI uszAmsiwedme q fimmualiishniuunanh
AIAuuAcYszan  mswma WQI nlalagAinauiugesunn: AW sameasnugns
mafmImeasnsuAIUANLaiY [9] TnsuramniwesuszurazdAinasaignanismuan
funnmoinly udnhazuuuzesuraazmmiiwesilanmuinm WQI ldangumsi (1)
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WQI = ANRUAZLULDEN 4 WITIHNDT - SIULDBIULIIATFIU (1)

fumsiinazRansnazesmsseneuumasnmiuiases nlrswSeudisudoya
AW 4 wsidwes 1Hiud DO BOD TCB ua: FCB fApumssonauiumiignaasaslases
Aundsnsdeaeuiumiisnainaeclesss dedeyanmanuIneunsIeneusuAmAIna
asaslesennillinnshinmsszeth agommamuas wazenddeiduiils Tl we. 2526 2541
waz 2555 fudeyanmmmhmdsmsseaeuiumasnmaaoslsseoiuieyaanmsideluaioil
fin il w.A. 2559 - 2560 mawSeufiBuinlaeasIReUANLUANMITEIRINALTR:AMEIE00
N3 (Fisher’s Least Significant Difference; LSD) wwudlaiwihiiszAvtizaiday 0.05

WBATIIFDUANINUANAAY LasInan19e0AIRRsuARzANNBUALAY Isd, . BBIUARzA

0.05

FelumnuauiasuInLARzUNI1WING LU [10] AsENNSH (2)

2

Isd,,. An MIngA
toons, AD ARDA ¢

v Ao Degree of Freedom TOIANUANIALATOL
MSE fa Mean Square Error

n. e WAL DR ININWUAT i

fio BUIAAIBEINIOIUINDIBOINIMUUAT |
WANIIIBLLAZNIIDAUTIBNA

1. dvsnazesifeuiiiusotoseAmaII

SvswazefouifiumMotoreAMMNnNT  WeuliAumetmnhlifinadenmmmin
A DO TCB uaz FCB fsmauil 1 uidlofisnsana BOD wuh luusazifouiiiumetoi
M BOD fanuusnsmeiumesaneenefitusfaisziu 0001 wiensmldhdouiifiusmeoh
fianswasieA BOD edwhs sntwdlethAuais BOD luwdaaieullnSeudisuAinie
MeisvesiitgesisauisaAn 0.05 ualdldugndlumsed 1 wulnioud 1 uas 3 fiUSmm
BOD Liunnmeiuegieiasfn Ao 11.49 uas 13.58 un./a. demmosesannniiA BOD
Twioudl 6 (478 un./a) esnsiiibsfymesdanezAu 005 Tasm BOD dnnnieuuaznnaa
fimgonunesguiAaaulszand 2 3 uaz 4 Aszylilumaed 2 dudu <150 <2.00 ua:
<4.00 un./8. MUEIAY dhiAudszani 1 ez 5 ldldsynmeim BOD Midsmaied 2
uwsneh thammsidefienusnusnlugUmsdun3dgoninnngiu wafnansonAfsiUAMMND
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momemw (ma1ef 1 liud & ndu uazanugu i megahiduldludoud 1 uwaz 3
mreudausmditalsaseh Sanvasniioudu e qufdes bifndu wimetmnhiiuld
Twdoudl 6 fansmzsmoeenly Ao la Wid ualifindu edumeldhamnmibmemeninug:
AU dieud 1 70 3 waz 6 wnzdeudl 6 mgumaw) udiasuAugaHu
dodludeiimn mennifeui 1 Gunan) ua: 3 uamius) dodudigamnuiudie
Usmaninies dafeui 6 udsuSmaniunniuinalaenssiuanuiniusesusnm
asduniddedluh siliiam BOD lilesasua:ilaliid dosenadosiunuiduden
MIANMIEAIZIARDNMI BB IUNUARBIVANLUATOMNNMILAT [4] nudr A1 BOD
1uqmu1uaﬂ (12.14 - 29.58 un. /a) AMUINNIIA BOD 1uqmu1mﬂ (7.34 - 1446 un./q.)
uanNiuianARasAUNUITY 1Fes MIAnmAmMIMDWIIE M ImINs TG00
SWAMTTNOATAR wezusundima [11] AnvmsiwAsuulasmesnmummil uAaziAou
TusouTszndned WA 2552 - 2553 paswitndmszmnouats dodundngiudt Amami
fimswasuulanilosnndnawazasgamaniatimnanim3eniicy
2. andwavesmsdalavsgszeinenmnin

dnswavasmadnlnlsgsmnehAenmmmihnudh  madalaUszgazneihinane
M DO Tneniliimimde DO zesteudnvsps:umehuanaonls:gsuehiinnuuanmariu
pgiiiedA (szAutpdAm 0.05) Aemssh 1 TaeAnaae DO fiauﬁjﬂﬂi:ﬁulizmmfw
TIAINAD 5.72 +0.66 10, /8. nanhA@ae DO ndstiaszpszunethdedimmniu 439 + 1.1 un./a.
FoA1 DO Asnandeglumasgiuiiifudsaand 3 uaz 4 fiszuf DO il >4.00 ua:
>3.00 un./8. Aons1od 2 egslsimumsidalinlszgsaneiilifinadersn BOD TCB ua:
FCB donazasAuaids DO zasieundaua:zndslatszgszuetilunuidensisenadaoiy
MmiddeEes madamsnmnmilunnee IENe WA AsemmEMLAT Wuhm DO zasieu
WAZMRIMITANENNNAD 236 uaz 2.08 un./a. dolifiruunnmoiueoditesfymonaa [12]
LLﬁilﬁﬂaﬂﬂﬁaﬂﬁumuﬁﬁméaa mafnmAmMMIhuAzansznuzasmslinudeuluusithuszng
[13] muh DO vinamumia@eunmins:aonsdimfimadnuulszgdounahols:ng
fismahasdiiimaniunulszgdounansdinimstaumlsgdon neioraduwnziugin
madalspsaneimietsgdenandumaiudnnmsinaiousenilunassmSeunasin
yhliivGmnaeendiaunisesiniy wilssnnuwiihdwszaenafinsuniniernuantsnnnn
withudzndluthonmivhmside dosennsesivoniddoizes msAnmammmbuiidmszn
MUNTIITEES D0 RNAMINNEEIAR wazusun i [11] i usididmszen
pauaalull w.A. 2552 - 2553 definmamiiuisUszms 1iud BOD wonluile uazdonsd
gondunaTnasge Aoy @edadszgszmedniliiluwiiidmdluasesinsiiniu
gagseendunnmslvazeni  wieenduuiiniufiosgnlilaegaunidiieduunsomasnu
Tumstessmeasdunis i DO wWintudledimsdaUs:nszue
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Abstract

Forecasting oil and gold prices from a word market prices reference is a challenging
research task. By accurately forecasting the price of gold, it is especially useful for investors.
Time series techniques play a role in predicting future time series data. Therefore, this research
aims to compare performance of time series techniques for predicting gold and crude oil prices.
The data were collected from 2 January 2003 to 30 December 2016. In this research,
six techniques including Linear Regression (LR), Multi-Layer Perceptron (MLP), Radial
Basis Function (RBF), Reduced Error Pruning Tree (REPT), Support Vector Machine
Regression (SVMR) and Sequential Minimal Optimization Regression (SMOR) were used.
Sliding Windows was used to divide data into learning and testing sets. 13 rounds of sliding
windows were used to reduce the variance of experiment results. Moreover, Mean Absolute
Error (MAE) and Root Mean Square Error (RMSE) were used to evaluate the performance
of the model. This study found that the SMOR technique is effective in forecasting gold
and oil prices with the lowest MAE values at 14.21£5.35 and 1.65+0.75.

Keywords: Oil Prices; Gold Prices; Time Series Techniques
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uwovlsidodu MLP Iivemssuunuazinszidoyanisonaeaidodunss

Radial Basis Function (RBF) [15] uwmafialuilsiduiniotioniugiu
Aeafuusaiduilsidums@aliou  wasnszenaemefemsuiudnduseoiloiduiiugi
fenfusAisestunpazdive Steeadls:am Radial iugnuasemeflsfiuiimsliuaunn
SN IUTNUAIMINUIEEUATHIAIM ST MUNUAZATAIVAN
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Reduced Error Pruning Tree (REPT) [16] (wwnaiinlumsasionuld
fndula (Decision Tree) Mmewaiia C45 walimadoudifisaiuniosdnslunsansminzes
miliandulalnemsangiune q sasaulduazananuraanainlunsweinsal

Support Vector Machine Regression (SVMR) [17] Dhumaiiailinanms
w09 Support Vector Machine fsmsatiuayunaweswuanaes anduiiiolumsduunieys
mailafdsnsadnnsitonauuudody wazuwulidodu Tnemsuddgmmadoulsunsy
Mavsey (Quadratic Programming: QP) dimsléflonuaeita (Kerel) pinme 9 1oy inasiaidoie
(Linear Kernel) tposialnalutiioa (Polynomial Kernel) tnasualsiioa (Radial Kernel) uaz
iasuaRnuan (Sigmoid Kernel)

Sequential Minimal Optimization Regression (SMOR) [18] Uuwmniia
fgnimmanmaiianIoanmmesaiuauu (Support Vector Machine) waiiail ssnsalils
nolususuun uwazannes wwesiadnduy Tnefimsfienn Margin unasiuzesszeziiszes
WunseidulaweSmauduiivindunsoiuiaduinindladian  uazsmaiulawesmauses
yomoonay laeszezioanendunmneiiden dwedmmesumiu waiiatazdenlawesvau
fifiA Margin gogn Tunuideilldlitresialndludion (Polynomial Kernel) duiflunoiiia
AiANNion

AFMIMmIuMIIaE

Tmssmuiiumsideliuiseondu 4 tuneunan 1) sIusmdeyn 2) wisnioys 3) auuniaeg
Uaz 4) InUszandmnuuudiaes
1. IUINTOYA
TusnAdeilarusmieyaanduled www.gold.org ua: www.opec.org Hosail
dusasaldnnTuroudiui 2 unsAn WA, 2546 9 30 SuMAL WA 2559 Foyagniudin
e saduiugaduaiiuaziudidgie 9 simzenisiuuamesiinmboduneaas
an3gosn (USD)
2. MIASUNTOYR
mawsenteyn AadBlAEINMIhANNEzAToANAlAETIUT IR T ToA
pyeteuANtideurestenn uasdeyaiigume laeimdeysiidiiuieyaszgnaveenlimie
Westoyaiilidn udidsdndeolndiiensinszd Avsdausesiulildsylilusadeu
Sufindanangnauliud wdssnmsauiideyadiiuau 3,383 Aumaon 1 uRzENTaUEAd
mandeulmzosnmmesd uazsainiulagliululesandnsanogui 1
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MIwN1  Aus

Homuils Uszanaiuds Min. Max. X S.D.
Date Date
Gold Number 319.90 1895.00 986.63 430.76
Oil Number 22.48 140.73 71.44 29.278
2000 —
é 1500 WL
S o N Pl s
E 0 M
ST T I S S R T A I SRR
,xg e r »’é? WS*‘? ,Vx‘é’p ,y‘s oF Wx'?' & FF
Gold ****** il

Un 1 mandeulmzesnnes uazsIAE

nm3N 1 uazgd 1 wlihammesdmiinidonuumnasgiugsds 43076 dafinain
ANuALRINDsAmAlan §aus1Anigy daudesuunasgud uazdnifieodUsznevzes
aunsunaTluduesmsiuulsilosnnanuanund  Judumssniiewaiiadnfmnrins
ATz MoanidedlddummediafimnzanlumanensainAmmood uazsIMiu
3. MINIWHUUIIRDY
mMaauuLTmemensainAthiuAy wznamesd et lumsinduiozamu
wIerweanmumAllAluayNINnal A wallA Linear Regression (LR), Multi-Layer Perceptron
(MLP), Radial Basis Function (RBF), Reduced Error Pruning Tree (REPT), Support Vector
Machine Regression (SVMR) waz Sequential Minimal Optimization Regression (SMOR)
4. MIMUTRNEMNDOILULIINDY
mainAdszinsamuesuuudiaes Tuonddeiiiduldnanms Sliding Window
Tumsutseeniugadoyamsinovsuiiodugaieyaidous TneEuseunsnfoudiui 2 ungan
WAL 2546 0 24 Aguiou w.A. 2559 uaslddeya 27 Aquien - 11 A3AHIAN W.A. 2559 URININS
dweunhmuieya (Sliding Windows) 1 10 JurhmslisiniungasAny wu Tuadadma ua:
Tuneagaduam foiuluseud 2 Wusvieiuil 16 unTAn WA, 2546 B0 11 ATNZIAN WA, 2559
ugntoyaiFeug uazsznieiui 12-25 asngiau 2559 iugadoyanagey sansauandlidogun 2

soui 1 5007 2 s0UH 13
2 u.A. 2546 — 27 1.0.-11 n.A. 2-15 w.A.| 16-u.A. 2546 - | 12-25 n.A. 2559 2 0.A.-24 | 25-0.8. 2546 - | 15-30 5.A. 2559
24 §i8. 2559 2559 (10 ) 2546 11 n.A. 2559 (10 ) fl.o. 2546 | 14 5.A. 2559 (10 Fu)
L )\ ) R e —— E—— L A )
Y Y B .. . . . T
Training data Testing data Training data Testing data Training data Testing data

JUN 2 MsuvugateyaIaujuNcgATayanaNaunde Sliding Windows
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19N 2 mIutvandionaiusuazandoyanageuie Sliding Windows luurseu
gasmInAeIIMTIalsEnsam  MeAiaisanuamanieudiysal (Mean Absolute
Error: MAE) WRzAANNAMAAAELRALTE I (Root Mean Square Error: RMSE) sautilu
$1u9u 13 59v uidamAnadeseslsinsamuesuuudinos

ALaRsANUARIALARBUFNY A (Mean Absolute Error: MAE) Aa AAMuuAnsg
Tnewassiamanmsnensal uazmase dumaianudneuy daumsi (1)

I3 ~
MAE=;Z|yi—yi| (1)
i=1
y, A8 §ImManmIneInsal
$, A 911930 7 FIUIUTOUANINUA
MIINAFosTaIANNARIALARURNEMaYEeY (Root Mean Square Error: RMSE)
Ao MIFINANUANIALARDULNDLUTIUNEUANLANAIITZAIIIA1INNTNINTRLA A1 TILRY

MaoEey AYENAITN (2)

2)

il § MAE uaz RMSE suanshmnennsaifianylnfidesiumads
Fommnefouuuhaosiisansmmwlumsnennsaigs Tumenduiuimem MAE waz RMSE mwennsel
finnuhsnnmasgouanshuuuhaesiilsimsnmen Tnenafilfdouiunasinsy s

A13521979 0 -9.99 WNEANNI  STAVANIN
A19:MI19 10-19.99  nneAnud 3:AUA
A1 20 uly MNIANNN  SrAviley

WNANSANSE

NAMIANHIEINTALTATHAN TNEINTTIAMBIA uazsAieu luudazseunesmsnaaes
NAMIFETIRUUTIRBIMemAla LR, MLP, RBF, REPT, SVMR ua: SMOR uaziadndna
mawSsuidisuUszansamesuuudiaesiiie Anadsanuamanieuduysasl (MAE) ua:
My nfineszaoANuAMAAABLRAsTAsTes (RMSE) zesuuudmaslumsnensaisimmeaod

LRZIIALINY
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1. WEMINENIAITIAMNBIARIIATIY
HAMINEINIITIANBIAMIR:IANNSBRsLUL IRB0INMIES s lABmATA Linear
Regression (LR), Multi-Layer Perceptron (MLP), Radial Basis Function (RBF), Reduced
Error Pruning Tree (REPT) Support Vector Machine Regression (SVMR), waz Sequential
Minimal Optimization Regression (SMOR) d113u 13 58U TrBuEAIALRRET0091A195
LA NAAEDDITIANINMITNGINTAITIAMAIAT URzI AL SUTBILULSIREY Sansauansld
Farn 107 2 uaz 3

MIWN 2 WENITNEINTUTIAINDIA

Rounds Actual Price LR MLP RBF REPT SVMR SMOR
Round1 1,338.98 £17.82  1,291.30+9.45  1,269.97 +£27.07 1,259.80 +16.48  1,308.31 +£0.00  1,011.13 £0.00  1,306.29 £3.96

Round2 1,327.23£9.79  1,338.06 £9.73  1,250.21 +48.40 1,289.06 £26.27  1,361.20+0.00  1,042.75+£0.00  1,350.77 £3.53

Round3 1,344.80 £13.15  1,295.95+8.49  1,262.96 +18.33 1,275.34 +17.88  1,316.61 £0.00  1,056.03 £0.00  1,304.21 £4.54

Round4 1,345.50 £5.64  1,322.4249.14  1,304.43 £12.61 1,280.51 +21.58  1,335.86 +0.00  1,061.42 £0.00  1,325.86 +£6.11

Round5 1,322.06 £9.33  1,318.04 £8.23  1,281.22+20.41 1,292.60 £20.99  1,335.60 £0.00  1,067.93 £0.00  1,324.26 £5.22

Round6 1,324.04 £12.76  1,324.19+6.63  1,321.58 £7.64  1,291.84 +17.45 1,331.88+0.00  1,072.02£0.00  1,332.07 £3.03

Round? 1,323.11 £1591 1,302.46 +6.32  1,275.42 +16.84 1,278.55+12.89  1,319.84+0.00  1,079.23 £0.00  1,306.27 +4.14

Round8 1,257.81 +4.75  1,271.49+6.78  1,265.91 +4.62  1,267.84 +8.55 1,286.15+0.00  1,083.70£0.00  1,267.97 +6.93

Round9 1,271.22+6.25  1,251.16 +3.13  1,288.18 £13.02 1,255.18 +1.17 1,266.85+0.00  1,086.42+0.00 1,251.47 +3.86

Round10  1,269.89+31.3  1,288.84+0.91  1,288.28 +1.38  1,274.25+4.29 1,288.19 £0.00  1,088.80 +0.00  1,282.45 £3.10

RoundIl  1,202.66+16.94 1,218.78 +3.77  1,253.18 £15.28 1,233.56 £6.49 1,221.32+0.00  1,092.13 £0.00  1,215.62 +5.67

Round12  1,165.93+6.82  1,174.64 +1.28  1,218.36+18.97 1,213.56 £14.26 1,179.54+0.00  1,096.44 +0.00  1,171.54 +2.91

Round13  1,134.33+6.53  1,159.44 +2.11  1,192.56 £24.06 1,362.01 +0.00 1,160.75 £0.00  1,148.01 £8.41  1,100.93 +0.00

Average 1,279.04 £7.03  1,273.60+£3.09  1,267.10 +£11.34 1,274.93 +7.93 1,285.55+0.00  1,075.85+2.24  1,272.29 +1.68

T-Test 0.44 0.41 0.86 0.28 0.00 0.27

PNMIN 2 UEAITIANIRRLTOIMBIA URZAINMINEINIBOITIANDIFMIIUIN
sauaz 10 WU wwusmesiiasvanmaiin LR MLP RBF uaz SMOR sansawginel
simmoseilfoomanzan s SVMR uazmnaiin REPT axnfhudunseiianien dolimancen
fumanensainamesd desnnnahdunesiimliaei Bslundniu wafin RBF &wnsa
s5uuuuimasinensanmmasaidanulnfiAssiunnmesdnniign uawaiin SVMR
a5uvudmaslumsnensainmmesmilnfiAssiuAaTossnmmammagA

PNMINTN 3 UFAITIANRRBTBIN TN WRZTIAIINNIINYINIDIDOITIAILL
Tusev 10 4u waUsngiuuuiaesiiasvanmaiin LR MLP RBF uaz SMOR &u13a
wennsmimAhilfegommzan s SVMR uaanaiin REPT axnfludunse dolaimansaudy
mangnsgiage esnnaanisiudunmiliae wain MLP s@unsaneinsaild
TndAnsaenan uasdimanuuanmoedlufitodfn (T-Test = 098) Bslunhitiuwaiin MLP
sunsasuuuuhisesimennsainanhduisianlad@esiunanhdusnnian uwimaiin SVMR
gSwuuuimesiinennsanahiuilnfiAesiumaiinesnimmasiiasiign
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MIWN 3 WANSNYINTATIALNINY

Rounds Actual Price LR MLP RBF REPT SVMR SMOR
Round] 44.66£0.97  43.950.25 43.44 40,69 49.7842.05 4520038  67.81+£0.00  4355+0.6
Round2 42.73£0.64 41294040 45.47+1.82 50124345 41412000 67804000  41.16+0.5
Round3 39.65+0.90  40.88+0.27 44.01+1.72 47324251 4207000 6781000  40.87+0.26
Round4 43854234 40.8940.17 4251 40.85 48.0243.02  40.89£0.00  67.81+0.00  40.79+0.24
Rounds 44184159 45.750.16 46.03 +0.31 51384226 450140.00  67.83£0.00 4541027
Round6 42944118 41.940.42 4434 40.57 46994220 4339000  67.81+0.00  42.20+0.38
Round? 43774167 40.8640.35 4243+0.8 4592+1.88  42.00£0.00  67.810.00  40.35+0.62
Rounds$ 48322034 47.1220.10 46.400.27 5037+1.40 46072000  67.81+0.00  46.200.32
Round9 4732%128  47.9740.17 4570 +1.19 49242046  49.14£0.00  67.83£0.00  47.13+0.54
Round10 42.0740.59  43.43 +0.46 43274045 4650087 44592000  67.83£0.00  43.66+0.38
Round!1 4407£1.05  41.8220.10 46.22 +1.69 43792059 42252000  67.8420.00 4158036
Round12 5106112 45.060.05 45.1440.11 44024036 45.04£0.00 67.83+0.00  44.00%0.6
Round13 52.23+0.84 52274026 51.610.14 84.15£0.00 51442000  50.59%0.76 67.83 £52.23
Average 45.1440.50  44.09 +0.13 45.12 40.59 5058 +1.05  44.50+0.10  66.49 +0.20 44.98 £13.81
T-Test 0.10 0.98 0.05 0.36 0.00 0.91

2. mawSsuiisuAnedsAnuAIAARsuFNYsRiTasuUuIRadlumMsNeInTaiTIA
nagAN LAzTIMLY
maSsudisuAiaasanuanAnRauiysal (MAE) dndumanuusnmalasnde
FVIITIMTINMINEINTAL LazTIM9TeresuuTInodlunMINeNIaIMaA wazTIALTY
sunsauandlAfom i 4 uaz 5

MmN 4 MasuieuAmLasANNANIAAREUANYINIBBILULTINDI UM NEINIBITIA MBI

Rounds LR MLP RBF REPT SVMR SMOR
Roundl 46.90 +22.27 80.05 +44.86 8.36 £2.34 8.62 +4.11 340.15 +6.13 26.87 +13.57
Round2 6.82 £1.99 97.96 +51.52 26.04 +2.82 27.73 +4.12 278.13 +4.12 10.53 +2.48
Round3 36.44 +13.58 69.08 +40.98 10.11 +1.08 11.01 +1.16 290.82 +5.12 18.87 +5.56
Round4 17.30 +7.86 33.92 £17.32 7.38 +0.59 8.87 £2.67 281.98 +2.84 6.26 £2.19
Round5 15.73 +5.36 49.45 +30.20 28.55 +1.51 31.29 +4.40 256.35 +4.40 12.71 +4.18
Round6 8.20 £3.10 33.03 +22.62 38.35 £3.50 41.66 +£3.77 244.25 +£3.77 9.98 +3.44
Round? 15.18 £3.92 67.23 +33.63 39.37 +4.96 49.81 £11.82 231.62 £11.82 14.18 +3.86
Round8 8.37 £2.06 53.15 £23.75 104.47 +0.81 104.00 +0.85 172.92 +0.85 6.35 £1.32
Round9 17.22 +10.60 39.78 £23.72 88.58 +1.64 84.88 +£5.15 189.08 +£5.15 10.57 +4.70

Round10 46.90 +20.15 2423 +11.88 111.30 +13.04 114.16 +£16.99 157.12 +£16.99 3537 +£17.93

Round11 20.64 +9.29 60.08 +33.61 168.54 £5.13 170.71 £5.97 97.37 £5.97 7.05 £1.49

Round12 7.25 £1.79 20.29 +6.83 196.77 +2.14 193.76 £2.65 66.82 £2.65 7.29 £2.04
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MW 4 MaSeuieumnaANNAMARRDLENYIAIBRILULT IR lUMININTNIMNBIA (FB)

Rounds LR MLP RBF REPT SVMR SMOR
Round13 10.23 +3.43 13.67 £5.52 225.09 +£2.45 225.09 +2.45 36.00 £2.45 18.68 +6.85
Average 19.78 +13.81 49.38 +£24.00 80.99 72.54 82.43 +£71.42 184.03 +4.50 14.21 +£5.35

M 4 uaaslidiumnisanuamaaReuduystisosuuuimaslumanensal
IMMB0ASININ 13 50U Femailan SMOR i 14.21 dodumanuamandeuiidign
wisiAdaswnAssIugeniwAalin SVMR daminaiia LR lddiafsrnuamaniou 19.78
ogluszAum

MmN 5 maSeuisumwasAuAaIAAIousNYItTasLuudIaadluMIweINIals AN

Round LR MLP RBF REPT SVMR SMOR

Round1 1.17 +0.30 1.18 +0.43 44.04 +0.42 43.92 +0.66 9.38 +17.31 1.23 +0.42
Round2 0.79 +0.22 2.83 +1.09 4524 +0.27 45.32 +0.46 9.73 +17.79 0.85 +0.28
Round3 1.23 +0.40 7.21 £3.68 47.46 +0.26 47.40 +0.56 11.00 £18.33 1.36 +£0.45
Round4 4.04 £1.86 0.97 £0.32 41.54 +0.76 41.44 +0.90 9.64 £15.96 2.95 +1.62
Round5 1.99 +0.76 1.90 +0.65 43.38 +0.63 43.39 +0.72 9.59 +16.90 1.76 +0.74
Round6 1.02 +0.44 1.30 +0.38 43.83 +0.46 43.81 +0.49 9.38 +17.23 1.50 +0.56
Round? 3.32 +1.76 7.17 £3.73 41.14 +0.67 40.58 +1.09 10.26 +15.41 2.12 +£0.98
Round8 0.60 +0.27 5.35 £2.69 36.95 +0.03 36.99 +0.07 8.34 £14.40 0.42 +0.05
Round9 1.63 +0.87 5.87 £2.90 38.36 +0.40 38.83 +0.85 9.09 +14.84 0.86 +0.29
Round10 0.82 +0.20 0.60 +0.13 43.17 +0.15 43.09 +0.20 891 +£17.11 0.60 +0.14
Round11 1.65 +0.44 4.40 +2.10 40.23 +0.19 40.19 +0.20 9.21 +15.54 1.97 +0.74
Round12 2.77 +1.65 8.58 £3.97 32.76 +0.34 32.77 +£0.43 8.94 £12.11 3.79 £2.34
Round13 0.62 +0.15 0.84 +0.29 31.39 +0.35 31.39 +0.35 6.86 +12.28 2.08 £1.11
Average 1.67 +1.05 3.71 £2.74 40.73 +4.56 40.70 +4.53 9.20 +1.89 1.65 +0.75

mnmaed 5 uanslidiuminisruemanReuiuystizesuuusneslumsnen el
ihsiusan 13 seu fewailn SMOR lifm 1.65 Andeswuminsgiu 075 doiu
fhﬂ'gmﬂmmﬂﬁ'auﬁﬁﬁqm wAiin LR MLP ua: SVMR liamasanuamanaeu 1.67, 3.71
uaz 9.20 musAu dodnogluszAuAn

3. msulSuisumaIniisesTesANUARIALARBUBREMAINBITESLULIINDY

mawssuifisuAmnniiseseesanunaanAdsumdsidsses (RMSE) duiiu
M3UTHUREUANULANM TN NI AI939T00TIAIMBIM UAZSIAIEY S8
usnslAomsoi 6 uas 7
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ﬂ']i”l\fl‘l?i 6 ﬂ']iL'l]%El'ULﬁﬂUﬂ"li'lﬂﬁﬁE]ﬂ“ﬂﬂﬂﬂ'J']Nﬂﬂ']ﬂLﬂazﬂul,ﬂéﬂfi']ﬁﬂﬂﬂﬂ?l?]ﬂLLUUﬁi'lﬂﬂ\j
IUﬂ'ﬁWU']ﬂﬁﬂjﬁ'lﬂ'WIﬂﬂFh
Rounds LR MLP RBF REPT SVMR SMOR
Round1 48.02 +21.43 82.20 +43.96 10.59 +3.61 11.03 +5.84 24.05 +0.66 29.46 £13.08
Round2 8.19 +2.14 99.03 £50.93 26.97 +£2.32 28.54 +3.50 25.57 +£0.46 12.70 +2.94
Round3 39.09 +13.76 73.15 +40.48 10.92 +0.94 11.67 +1.11 27.95 £0.56 23.57 £7.70
Round4 18.49 £7.67 35.45 £16.67 8.51 +0.58 10.21 +£2.22 22.37 £0.90 7.23 +£2.45
Round5 19.16 +4.81 52.97 +29.53 29.98 +1.35 32.49 +4.76 24.77 +£0.72 14.43 +3.88
Round6 9.84 +3.69 36.70 +21.74 39.01 +2.93 42.23 £3.09 25.62 +0.49 11.96 +3.91
Round7 18.15 +4.26 71.74 £33.46 41.98 +4.38 52.22 £10.89 22.80 +£1.09 17.77 +4.12
Round8 9.52 +2.49 54.94 £23.24 104.52 +0.79 104.04 +0.85 19.47 £0.07 8.01 £1.44
Round9 18.79 +9.83 40.77 £23.11 88.80 +1.62 85.16 £5.20 21.56 +0.85 12.37 +4.58
Round10  50.99 £18.75 28.68 +10.94 114.62 £11.39 116.78 +15.10 26.05 +0.20 39.61 +17.52
Roundl1 22.39 +7.88 61.73 £32.19 168.91 +4.86 171.03 +£5.65 23.41 £0.20 8.90 +1.41
Round12 8.48 +1.80 22.37 +6.67 196.86 +2.10 193.83 +2.59 16.15 +0.43 8.58 +2.09
Round13 13.40 +2.40 20.98 +7.99 225.17 £2.45 225.17 +£2.45 15.07 +0.35 20.65 +6.88
Average 21.89 £14.16 52.36 £23.34 82.06 £72.11 83.42 £71.00 22.29 +0.31 16.56 +5.54

AMIN 6 UEAY AT TINNRBITDIANUANIAPAD U MAsFad lumsSaumay

ANULANAITZRIIMNGINTALAZAIS9TBITIAMENA  WaUsIngwmalin SMOR  swsasdse

wuuaasn lvmandasrasanuAaIARAoUmAsMasEadlE 16.56 JuuAmANNARIAAADL

g agluszAvAuadadosuunnsgiugoniumain SVMR aasmaiia LR Timsiniaes

289ANNARIALARBUIRANTIRINB I 21.89 atluszAviloy

MIWN7  N15UTeUNEUAISIANEDID0IAUARIALARDULARSAIRINBITBILUUIIRDYI

Tumsnensalsimuigu

Rounds LR MLP RBF REPT SVMR SMOR

Round] 1.35 +0.35 1.39 +0.45 44.05 +£0.42 43.93 +0.66 24.07 +0.65 1.38 +0.38
Round2 0.92 +0.23 2.94 £1.05 45.24 £0.27 4532 +0.45 25.57 +0.45 0.98 +0.26
Round3 1.43 +0.48 7.50 £3.56 47.47 £0.26 47.41 £0.56 27.96 +0.56 1.57 £0.50
Round4 420 +1.75 1.15 £0.42 41.57 £0.78 41.46 +0.92 2241 +0.94 3.16 +1.60
Round5 2.26 +0.67 2.09 +0.63 43.41 £0.62 43.41 +0.71 24.80 £0.70 2.07 +0.68
Round6 1.23 £0.50 1.52 +0.44 43.84 +£0.45 43.81 +0.48 25.63 +0.48 1.73 +0.56
Round7 3.61 £1.60 7.34 £3.61 41.17 £0.68 40.60 +1.10 22.84 +1.12 2.42 +0.97
Round8 0.73 +0.25 5.37 £2.67 36.96 +0.03 36.99 +0.07 19.47 +0.07 0.56 +0.08
Round9 1.80 +0.84 5.96 £2.85 38.37 +0.40 38.84 +0.84 21.58 +0.84 1.03 +0.34
Round10 0.96 +0.20 0.69 +0.16 43.17 £0.15 43.10 +0.20 26.05 +0.20 0.76 +0.16
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MIWN7  N15UTUNEUAISIANEDIDIAUARIALARDULANEAIRINBITBILUUIINDYI
TumswennsalsnAidu (ne)

Rounds LR MLP RBF REPT SVMR SMOR

Roundl11 1.85 +0.41 4.58 +£1.96 40.23 £0.19 40.20 +0.20 23.42 +0.20 2.58 +0.72
Round12 343 +1.58 8.76 +3.84 32.77 +0.34 32.78 +0.43 16.18 +0.44 4.37 £2.23
Round13 0.72 £0.15 0.96 £0.27 31.40 +0.35 31.40 +0.35 15.08 +0.35 2.19 £1.07
Average 1.88 +1.12 3.87 £2.74 40.74 +£4.57 40.71 +4.53 22.31 £0.32 1.91 £0.73

MR 7 uandlidiumsniitestesanuamaniowmasmasses lumsiUSeudio
ANULANATITZAINIANEINSAILAZA193ITRITIMNDIAT WadsIngmalan LR @msasse
wwumesfilimaniisestesAnuAnIARREURANTAIEIMEAWNAL 1.88 sasauAe mAfia
SMOR lifmniisessesanuaninniouniemasmeowndy 1.91 uwiuuudmesanmaiia LR
I nideTasANuAMANRBURABIATDgITLULSResaImATiA SMOR aenalaifitisety
ionagousiae T-Test One Pair whitu 0.09

Ansaluaayl

TunISAABILRNALILDUS IR0 NN EUEINTUNITNGINTBITIAINBI AU TIATLT
Tnowvusiaeofilflulssneude #amsweInsal uazNamINAREINUI1 mada MLP e
NENTUIIAMBIA LAALABIADUTIAMNBIA1939 &8 RBF sunsaneinsalsimnesmilnaings
Aummsiuay egslsamuiermsyszuanaanuiananlumsnensal f2e MAE ua:
RMSE nui1 mafla SMOR fianuwnzaumniigalumaneinsaisimmesd fem MAE
WNAD 1421 uazm RMSE Wi 16.56 dolinamilouiusues Yang, J. -F., Zhai, Y. -J.,
Xu, D. -P,, and Han, P. [7] Tumsnensalduiuzesgnuenuuniseting wun SMOR lanans
nAneuAnd1 SVMR ua: Neural Network

ARANIINUIMIFA

WIiduveraunmIulan www.gold.org ua: www.opec.org UazAMIITOIAMINGINITEITHUNA
WATINEIRBNEIAN NlRANNeNATRgoyaua:AUInmlumsAingwiTensil
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