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ABSTRACT

Increasing number of diabetic patients around the world demands for a variety of
medical diagnostic tool, which is not only portable, inexpensive, and invasive, but also
capable of producing valid results on time. Thus, an electronic nose (e-nose) equipped with
chemical gas sensors capable of screening early signs of type Il diabetes mellitus is
inevitable. For this reason, we performed head-space urine analysis on diabetic patients and
normal healthy controls using two sets of chemical gas sensors: namely, six laboratory-
developed functionalized SWNT/ polymer gas sensors and eight commercial metal oxide gas
sensors. The results from the experiments have shown that both types of gas sensors are
capable of discriminating the urine odors from two groups of samples in which the highest
sensing responses were demonstrated by S3 (SWCNTs-COOH/ PVP) among functionalized
SWNT/ polymer gas sensors and TGS2603 among the metal oxide gas sensors. Principal
Component Analysis (PCA), used as pattern recognition algorithm, successfully classifies the
sensing data distinctly into two groups of diabetic patients and healthy samples, thereby
validating the fact that urine odors of diabetic and non-diabetic are completely different
from each other. We hope that the perspective of using an electronic nose as a medical
diagnostic tool elucidated in this work contribute in the field of diagnosing diabetes mellitus
on time.

Keywords: Volatile organic compound; gas sensors; e-nose
INTRODUCTION

Diabetes is also known as diabetes mellitus and it is classified as a chronic and

lifelong disease. It is caused in two conditions: first, where the body cannot produce insulin
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and second, where the body cannot make use of the available insulin. Insulin, produced
from the beta cells of pancreas, is a hormone that assists the cells to take in the sugar to be
used as energy, to be converted to other needed molecules or to be stored as fat. In three
conditions where the amount of insulin available is inadequate, or cells do not react to
insulin, or insulin itself is faulty, glucose will not be absorbed properly by the cells (Assman,
T.S. 2016: 1-9). As a result, the amount of glucose/sugar in the blood is not controlled and
subsequently, lead to high blood sugar level. Every year the World Health Organization
records an alarming rise of diabetic cases worldwide. It is believed that nearly 50% of the
patients living with diabetes go undiagnosed mainly because the current diagnostic methods
are time-consuming, painful and expensive. The current method of diagnosing disease is
through chemical analysis of body fluids such as breath, blood and urine. Moreover, these
current medical instruments cannot determine the concentration of all the compounds
found inside a human body except for Gas Chromatography Mass Spectrometry (GC-MS)
which has the capability to detect even traces of VOCs in ppm or ppb (Serrano, M. and team
members, 2016: 241-246). However, the setup is not portable and is too expensive. The
method of sampling and analysis processes are too complicated whereby an expert’s help is
indispensable.

Hence an alternative method that could not only compliment but even have the
capability to replace the current method to diagnose diabetes mellitus is indispensable. For
this reason, we explored the potential of an electronic nose to function as a urine analysis
system to assist in screening and diagnosis of type Il diabetes. The underlying working
principle of e-nose can be compared to that of human nose. The receptors in the human
nose upon receiving an odour signal send it to the brain cerebrum. The cerebrum reads,
identifies and makes corresponding decision with the characteristics associated with the
odour. Electronic nose works in the similar manner except that it has chemical sensor array
as receptors and transmits odour signal to a program for processing. We hope that an
electronic nose as portable, rugged, non expensive and unambiguous tool developed in this

work could help revolutionize the current methods of diagnosing and screening diabetes.

LITERATURE REVIEW

The impulsive shift towards westernization leading to sedentary life style and
improper food habits are posing numerous problems to the uprising diabetes cases in and
around the world. Diabetes, along with other non-communicable diseases is believed to
account to seven out of ten deaths by the year 2020. This alarming figure indicates that
people still lack knowledge on the cause and effect of this chronic lifelong disease. Other
factors like lack of professional healthcare providers and difficulty in getting access to
treatment can also contribute greatly to the increasing cases (Krisher, S. and team members,

2014: 156-163). The current methods for screening and diagnosing diabetes include various
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tests such as fasting plasma glucose (FPG), Hemoglobin Alc (HbA1lc), C-peptide, Oral glucose
tolerance and GAD antibodies. Even though these methods proved effective, a recent review
(Kumar, R.B. and team members, 2015: 291-294) pointed out numerous disadvantages
associated with the established methods in which painfulness, invasiveness, and
inconvenience to the patients topped the list. For this reason, researchers around the world
are constantly working on to develop an alternative method for diagnosing diabetes mellitus
by analyzing specific biomarker known as volatile organic compounds (VOCs) produced from
body fluids like saliva, blood, sweat, breath and urine (de Lacy Costello and team members,
2014: 014001) and this method is gaining popularity. The main reason lies with the fact that
the study in the sudden change of VOC was found to be directly associated with the
phenotypic behavior of one’s body. Some studies for instance, suggested that urine VOC
analysis could help detect lung cancer (Hanai and team members, 2012: 679-684), colorectal
cancer (Arasaradnam and team members, 2014: e108750), and biliary stricture (Navaneethan
and team members, 2015: 2150-2157) in medical diagnostic field.

In line to this, an emerging technology that artificially mimics the human olfactory
system called electronic nose makes use of gas sensors that are capable of analyzing these
distinct volatile organic compounds. Apart from holding numerous advantages like being
portable, rugged, non-expensive and real-time, some studies found out that an electronic
nose with gas sensors could detect early sign of diabetes mellitus through breath analysis
(Cavallari and team members, 2015: 9592), mainly due to the convenience in collecting
breath samples. Even though the electronic nose provides the advantage of making use of
different samples, very few works are done on diabetes detection using urine samples. For
instance, a study conducted by Sabeel T.M.A and team members (2013: 1-4) suggested the

possibility of discriminating diabetes from bacterial infections.

OBJECTIVE
To study the feasibility of screening and diagnosing diabetes mellitus using electronic

nose system through urine analysis.

METHODS
1. Sensor characteristics

The capability of the e-nose to perform as an effective urine analysis system
entirely depends on the employment of gas sensors. For this reason, we fabricated six
functionalized SWNT/polymer gas sensors by using 3 mg of polymer and dispersed it in 1 ml
of proper solvent. The solution was then sonicated for 15 minutes to allow polymer
dispersion. To the solution of polymer and solvent, 1 mg of SWCNT was added and
sonicated again for 15 minutes in order that the carbon nano-tubes and polymer form a

uniform composite. The mixture was finally stirred for 30 minutes. A thin film of sensing
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material was spin-coated on the interdigitated electrodes (IDE) having a dimension of 100
pum width, 100 pm spacing and 1 mm length at the spinning rate of 1500 rpm for 30s. The
finished product was heated in the oven for 3 hours at 100°C to remove residual solvent
and confirm the stability of the gas sensors. All six sensors were checked for their resistances
to be between 5 km. and 25 km. Another set of eight metal oxide gas sensors were
purchased from Hanwein Electronics Co., Ltd (MQ code) and Figaro Engineering Inc. (TGS
code). These gas sensors were carefully selected to cover the target VOCs present in the
human urine. The specifications of the gas sensors used in this electronic nose is listed in
table 1.
2. Electronic nose setup

The electronic nose employed in this work consists of three important
components namely; sample delivery system, detection system and computing system. In
sample delivery system, two chambers each for reference (nitrogen gas/grade zero air) and
sample (urine odor) is installed. The switching of the gas flow from reference to sample and
vice versa is controlled by solenoid valves. A mass flow controller controls the flow of gas
into the system. The detection system comprises of the gas sensors employed to detect
and classify urine odor from the samples. The computing system consists of multiplexer,
DAQ device and LabVIEW program. Each channel in the multiplexer is connected to
individual sensor from where input from each sensor gets forwarded into a single input
signal that is sent as output from the circuit. The DAQ device then converts this signal from
analog to digital to be analysed easily in the computer for pattern recognition which is done
by LabVIEW program. The schematic circuit diagram of this e-nose is shown in picture 1.

3. Subject description and urine collection

A total of 19 volunteers participated in this work in which 5 healthy and 8 diabetic
participated for the first experiment and 2 healthy and 4 diabetic for the second experiment.
All participants were recruited by the physician in the Ramathibodi hospital based on the
internationally accepted standards for diagnosing diabetes mellitus. The details and
specification of diabetic patients and healthy volunteers are given in Table 2. The urine from
the subjects was directly used for the e-nose measurement without any treatment. 20 ml of
urine was transferred to a clean glass bottle for measuring the electrical response it
generates with the gas sensors within two hours from the time of urine collection. All

measurements were conducted at room temperature.

RESULTS AND DISCUSSION
1. Sensing response towards volatile urine odor
The sensing response of gas sensor is defined as the percent change in the

resistance between the reference time and the sample time and is calculated as
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R %=[( R-R;)/R; ] x100 (3)
where Rq is resistance of each sensor without sample urine and R; is the resistance of each
sensor when exposed to sample urine.

The results obtained from the experiment will be presented and discussed in two
parts; firstly the sensing response towards urine odor of type Il diabetes obtained from
functionalized SWNT/polymer gas sensors, and secondly from metal oxide gas sensors.

1.1 As obtained from functionalized SWNT/polymer gas sensors

For the first part in the experiment, the result of sensitivity of the
SWNT/polymer gas sensors towards volatile urine odor as obtained from functionalized
SWNT/polymer gas sensors is shown in picture 2a. The results show that a remarkable higher
sensing response is demonstrated by S3 followed by S4 to diabetic urine odor and Sé6 to
healthy urine odor. On the other hand, it is worth noting that S1, S2 and S5 yielded very low
sensing response and do not respond differently to diabetic or healthy urine sample. To
further validate the results obtained from this experiment, a hypothesis testing (p-value
approach) was performed. It was found that S3 and S6 show p<<0.05 whereas the remaining
sensors, S1, S2, S4 and S5 showed p=>0.05. Hence, our findings justify that the polymers used
in S3 and S6 have a unique and superior capability to swell upon exposure to urine odor and
should be specifically designed to be used as a sensing material for detecting and
discriminating urine VOC of diabetic from non-diabetic. Since the sensing data is obtained
after every second, the size of data was enormous so it was introduced into a discriminant
analysis called Principal Component Analysis (PCA) to reduce the dimension in data and
observe grouping of samples as shown in Picture 2b. The pink coloured dots and blue stars
as presented in the 3-D PCA plot represent urine samples of diabetic patients and healthy
volunteers explaining a variance of 67.3% in PC1, 23.8% in PC2 and 6.9% in PC3. As illustrated
in the figure, the PCA can clearly separate the volatile urine odors of diabetic patients from
the healthy volunteers.

1.2 As obtained from metal oxide gas sensors

In the second part of the experiment, sensitivity of the metal oxide gas sensors
towards volatile urine odor was calculated and the result is shown in Fig. 3a. It can be seen
obviously that all metal oxide gas sensors respond differently to different urine odors. The
TGS2603 gas sensor described by the manufacturer for detecting odorous gas yielded the
highest sensing response whereas MQ8 for detecting hydrogen gas yielded the lowest sensing
response. The results from the 2-D PCA plot are shown in picture 3b. The magenta colored
dots and green colored stars represent urine odor of diabetic patients and healthy volunteers
respectively. The variance in the data accounts to PC1 with 89.9% explaining the major
variance and PC2 with 4.9%. The sensing data obtained from this experiment using metal
oxide gas sensors can be successfully separated and discriminated into diabetic and healthy

group.
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Table 1: Specifications of gas sensors for urine odor detection

Sensor No. Chemiresistive sensors

+* f-SWCNTs gas sensors/ Polymer

S1 SWCNTs-COOH/ PVC

S2 SWCNTs-COOH/ PSE

S3 SWCNTs-COOH/ PVP

S4 SWCNTs-COOH/ Poly (4-styrenesulfonic acid) solution
S5 SWCNTs-COOH/ Polyvinyl alcohol

S6 SWCNTs-OH/ PVP

R/ .
** Metal oxide gas sensors

MQ-8 for detecting hydrogen gas

TGS 2444 for detecting ammonia gas

TGS 823 for detecting organic solvent vapours

TGS 2600 for detecting air contaminants

TGS 2603 for detecting air contaminants and odorous gas

TGS 2610 for detecting volatile organic compounds
TGS 825 for detecting H,S gas

TGS 2602 for detecting solvent vapors and odorous gas

| N[NOW PR W DN |-

Table 2: Details about the volunteers that participated in this work

Type |l diabetes | Healthy | Type Il diabetes | Healthy
Specifications patient patient
First Experiment Second Experiment
Gender (F/M) 6F/2M 5F/0M 3F/1M OF/2M
Age range (years) 25-63 39-65 22-60 27-35
Number of smokers 0 0 0 0
Total number 8 5 al 2
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Picture 2: Results from functionalized SWNT/polymer gas sensors showing (a) average
percent change in resistance towards urine odor and (b) 3-D PCA plot for urine odor
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CONCLUSION
In this work, we described an electronic nose designed to work as a urine analysis
system for diabetes screening and diagnosis. Since gas sensors form the core functioning
component in the e-nose, we explored the capability of two sets of gas sensors:
functionalized SWNT/ polymer and metal oxide. Among the six functionalized SWNT/
polymer gas sensors fabricated and developed in the laboratory, we found out that S3
(SWCNTs-COOH/PVP) yielded the highest sensing response and S5 (SWCNTs-COOH/ Polyvinyl
alcohol) the lowest. From the eight metal oxide gas sensors, the highest sensing response
was demonstrated by TGS 2603 and the lowest by MQ8. Since the sensing data was
enormous, we used Principal Component Analysis (PCA) algorithm to reduce data dimension.
The results from both groups of sensors showed that PCA can successfully separate and
discriminate urine odors from the samples into two distinct groups of diabetic patients and
healthy volunteers. In conclusion, we hope that our findings that suggest the association of
sensing response generated from the gas sensors and urine odor will open up new scopes in
screening and diagnosing diabetes mellitus on time and revolutionize the current method of

diagnosing diabetes.
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ABSTRACT

Air pollution due to explosive growth of industries and mega cities pose constant
threat to human life. Till date, several commercial products to monitor air quality are
available, but they are beyond the reach of average users due to heavy cost. The
conventional analytical instruments are impractical due to bulky size, expensiveness and
complicated operation. As a result, there are many designs of air quality monitoring
prototypes reflected in the literature. However, many failed to talk about its cost and
hardware and software requirements. Therefore, in this paper, a prototype (costing around
$142.9) is designed to function as a low cost air pollution monitoring system. In addition, the
process and requirements for designing a real-time, low cost and flexible air quality
monitoring system is elaborated to assist beginners to refer, modify and implement the
system. The prototype was tested near traffic area. The results have shown that the
prototype can effectively describe the air pollution near the traffic zone.

Keywords: Air pollution, prototype, low cost, gas sensors

INTRODUCTION

Air pollution due to advancing industrialization, growing number of megacities and
urban complexes possess a deadly threat for both biotic and abiotic factors, making it a
subject of concern for researchers. Even though various types of air monitoring devices are
available in market such as 1405-F, Dylos DC1100, AirCloud, PANDA, AirScope, CitySense,
MICROSYS, Mobile Discovery Net, and aerQUAL (Zhuang, Lin, Yoo, & Xu, 2015; Ngoc, Lee, Gil,
Jeong, & Lim, 2010: 288-293), these instruments are beyond the reach of average users due
to heavy cost. Moreover, conventional analytical instruments are impractical due to its bulky
size, noisy, expensive and complicated operation (Prashant Kumar and team members, 2016:
150-159) even though results are accurate. Another emerging technology called electronic
nose is widely applied for monitoring air quality but most are general types of monitoring

system having a broad-range of gas-sensing capabilities and applications. Nevertheless, there
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are more advantages in using a monitoring system fabricated based upon the specific
application because the specific monitoring devices are much cheaper, flexible, and it can
be sold to many clients (Wilson, 2013: 2295-23438).

Considering the aforementioned limitations, many real-time low cost air monitoring
prototypes based on various technological modules are reported in the literature without
detailing the cost, hardware and software requirements. Moreover, numerous practical and
technical limitations associated with the system (Prashant Kumar and team members, 2016:
150-159), and different monitoring areas with varying micro-climate requiring numerous
factors like objectives, pollutants, designs, techniques, and models (Zoroufchi Benis,
Fatehifar, Shafiei, Keivani Nahr, & Purfarhadi, 2015: 779-793) need to be addressed and
considered.

So, in this paper, a prototype is designed, implemented and evaluated by monitoring
air quality and carbon monoxide level near the traffic zone. The system holds advantages
like real-time, low cost (around $142.9) and do not require experienced personnel to design,
install and operate. Most importantly, the process and requirements needed for designing
low-cost air pollution monitoring system is elaborated in detail so that any beginners from

all walks of life can refer, modify and implement the system.

LITURATURE REVIEW

With the advancement of science and technology, there are many devices available
in the market that monitors air quality. Most of these instruments are sensitive, robust,
autonomous, reliable and flexible. However, they are expensive and beyond the reach of
average users. One such device is Aeroqual series 500 portable gas sensor that monitors
ozone and nitrogen dioxide in ambient air (Lin and team member, 2015: 111-116. The device
is compact, lightweight, and can be operated with battery for 8 hours. Nevertheless, the
device is very expensive costing $1270*. Other air monitoring devices such as BeGood’s
BGFM - 08 and Qing Feng Kang Hua’s KHD — FA costing 1080 CNY and 2680 CNY respectively
(Yang, Zhou, Zhang, & Chiang, 2015) are affordable but have limited gas detecting capability .
The former one can detect formaldehyde, TVOC and humidity, and later one detects
formaldehyde, temperature and humidity. Some other expensive air monitoring products
commercially available include 1405 - F, Dylos DC1100, AirCloud and PANDA (Zhuang, Lin,
Yoo, & Xu, 2015). In line with that, the air monitoring devices like CitySense, MICROSYS and
Mobile Discovery Net (Ngoc, Lee, Gil, Jeong, & Lim, 2010: 288-293) are designed for
professionals.

That is why, instead of using the commercially available devices, researchers design,
implement, evaluate and report their own air monitoring prototype. However, there are
limitations associated with the prototypes like failing to describe the cost and hardware and

software requirements. For instance, Blit and team members, (2016: 138-142) and
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Wongchoosuk, Khunarak, Lutz, & Kerdcharoen, (2012) failed to mention the cost of the
device, the type of the microcontroller used, and basic software requirements. The former
one is used for determination of aroma and flavor quality of brewed black tea while the
later one monitors indoor air quality. Similarly, Lecce, Daria, & Uva, (2011) successfully
designed and implemented the wireless electronic nose system for indoor monitoring of air
quality at different rooms of the hospital. While the paper described about hardware

requirements, it failed to explain about the baseline responses.

OBJECTIVE
To design and describe a low cost prototype for monitoring air pollution, in terms of

hardware and software components.

METHODS
1. System Architecture
The main hardware components used for designing the system are described
below.
1.1 Microcontroller and Data Logger
One of the most crucial hardware components for any monitoring system is
the microcontroller that manages and performs systematic control of other devices in use.
There are various types of microcontroller of which Arduino, available in the market at
affordable price, is an open source platform microcontroller used for various prototyping
and automatic projects (Jindarat & Wuttidittachotti, 2015: 284-288; Katyal, Yadav, & Pandey,
2016: 274-276). For this prototype, Arduino mega 2560 is used because of its multi-
functionality.
The onboard memory of Arduino is not large enough to store volumes of data.
Therefore, the data logger shield with SD card is used for storing data. The shield fits easily
on top of the Arduino, thereby expanding its capabilities. The data logger shield comes with
ZigBee connection feature for wireless communication, and RTC module to timestamp the
monitoring.
1.2 Metal Oxide Gas Sensors
Metal oxide gas sensors being inexpensive, robust, lightweight, stable, long
lasting, high sensitivity, and fast responsive (Fine and team members, 2010: 5469-5502), has
been extensively used for environmental monitoring for detecting air quality. Therefore, in
this prototype, MQ gas sensors are used for measuring gas pollutants. The sensors are
circuited using six pin headed sensor holders and 10KQ as pull-down resistor to avoid
floating of data. The sensors are supplied with independent 5V DC source to keep the

voltage requirement constant (Araki & Omata, 2013: 357-361), and the sensors are fixed in
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funnel shaped chamber for equal gas exposure. Along with the gas sensors, DHT22 is also
used to record the temperature and humidity for setting the condition of monitoring.
1.3 Air Filter, Solenoid Valve, Relay, DC Fan and mini Air Pump

The air filter used for creating reference gas, is made by a layer of carbon and
silica gel for absorbing VOCs and moisture respectively. The relay is an electrical switch that
can be programed with Arduino to switch on and off the solenoid valve to pass sample and
reference gas for sensing alternately.

A 12V DC fan is used for delivering air sample into the sensing chamber. The
fan is fixed inside a funnel shaped chamber with a wire mesh as opening to prevent bigger
dust particles from entering the system. The fan not only delivers the air sample but also
helps to improve the sensitivity by accelerating the air circulation and functioning as cooling
agent for the sensor chamber (Wang, Yuan, & Ling, October 2011). When the air filter is used,
the micro axial fan alone is not enough to deliver the reference gas into the sensing
chamber. Therefore, electrical pump is used to suck the gas through the filter to the sensing
chamber.

1.4 ZigBee

The ZigBee protocols are widely used for wireless communication purposes

because of its low cost, low power consumption, flexible network structure, large number of
nodes, and high compatibility features (Kumar, Khan, Yadav, & Dubey, 2014: 51-59). For the
purpose of transmitting the data wirelessly from the monitoring station to the base station,
two numbers of ZigBee are used in the system. One of the ZigBee is interfaced with the
Arduino by fixing on top of data logger with the help of ZigBee shield.

1.5 Software

The main software used is the freely downloadable open - source Arduino
software (IDE) which comes in many updated versions, and the Arduino 1.6.5 is one among
them. The Arduino 1.6.5 is installed in PC to write and upload various codes to Arduino
mega 2560 microcontroller. The various codes written for the system includes (1) data
logging code, (2) code for RTC module, (3) DHT22 code, and (4) analog read code for the
sensors.

2. Working Principle
Picture 1 is the schematic diagram showing the working of the system. The
monitoring of gaseous pollutant is carried out in two processes. In the first event, when the
system is switched on, the ambient air is allowed to flow through the air filter where some
VOCs and moisture get absorbed. Then, in the second event, the valve is automatically
closed allowing the ambient air to flow directly to the sensor chamber, and the process gets
repeated over again. The code is written to read the gas concentrations in terms of voltage

changes of the sensors. These changes are stored in micro SD card as raw data which can be
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opened in excel for analytical display of the gas concentration. At the same time, the data is
transmitted to the receiver wirelessly with the help of ZigBee.

3. System Installation

The prototype designed and described is tested by installing it at a station near

traffic zone at Rama VI road, Faculty of Science, Phaya Thai campus, Mahidol University,

Thailand as shown in picture 2. Before putting it to use, the system was trained by running it

for a week to allow sensor adaptation to the target gas (Capelli, Sironi, & Del Rosso, 2014:

19979-20007). The data was recorded every second throughout the day for one month.

However, for simplicity, the result is presented only for selected days of the month. The

actual gas concentration can be calibrated using the methods described by Wongchoosuk,

Khunarak, Lutz, & Kerdcharoen, (2012) and by Firdaus and team members, (2015). However,

the calibration process is not the scope of this paper. At present, the prototype is validated

by correlating the sensor response data to that of traffic density.

RESULTS AND DISCUSSION

In order to validate the prototype, the experimental data is correlated to the traffic
density. Picture 3 shows the level of CO gas and air quality in terms of voltage change for
one of the selected day during the time of experiment. The voltage change is directly
proportional to the gas concentration (Yang, Zhou, Qin, Zhang, & Chiang, July 2015). Picture
4 shows the google map of typical traffic condition on two important occasions during the
selected day.

From the graph, it is clearly noticeable that the CO level is very high in the morning
and in the early hours of night on the day of monitoring. This is because, typically the longer
lasting time of high traffic density is found in the morning (7.40 - 10.50 am) and in the late
evening (3.10 - 7.00 pm) respectively. Such type of result was also reported by
Chaiwatpongsakorn, Lu, Keener, & Khang, (2014: 6246-6264). Picture 3 also indicates that the
air quality near the traffic zone is influenced by the CO gas emission from the traffic. Like CO
level, the air quality is poorer in the morning and in the late evening due to the high traffic
density. Thus, the prototype is sensitive enough to monitor the CO gas and air quality level
in correlation with the variation of the traffic density.

To validate furthermore, the CO level at 3.00 am (V3 gpam) for each day is set as the
reference since the traffic density at this time is extremely low, and is compared with the CO
level at other times (Ve Of the day for four consecutive days (Day 1 — Day 4) as shown in
picture 5. As expected, the CO level for all the four days increases notably from 7.00 am till
4.00 pm compared with the reference time. On the other hand, the level of CO is found to
decrease from 4.00 pm. Therefore, the result concludes that more emission of carbon
monoxide gas occurs during the day, agreeing with the fact that the number of vehicles on

the road increases during day time. The minor fluctuation trend of graph can be attributed
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to the sudden change of atmospheric conditions like temperature, humidity, wind speed

and direction. Thus, it can be concluded that the prototype is able to determine CO gas

level and the air quality depending on the density of vehicles on the road. However, in

future, the prototype should be compared with the commercial air monitoring device

specifically designed for road traffic application to determine its efficiency.
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Picture 5: Graph showing CO level for four consecutive days at different times

CONCLUSION

In this work, the prototype for air pollution monitoring within the cost range of
$142.9 is designed and described based on hardware and software components
requirements. The system has the advantages of being low cost, real time, flexible and easy
design methods and operation. The results have shown that the system is efficient enough
to measure CO level and air quality near the highway. However, the prototype should be
compared with the standard air monitoring devices to evaluate its performance. In future,
we hope to analyze other gas pollutants and describe the calibration process for gas
concentration in ppm level, and also to incorporate warning system to the prototype. In
conclusion, we hope that the prototype elucidated in this work open up new avenues for

beginners to refer while designing their own air monitoring system of interest.
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ABSTRACT

With the population growth projected to 9 billion by 2050, food demand will rapidly
rise and the agricultural produce needs to be quantified accordingly in order to sustain the
food mandate. Soil nutrient monitoring and management is a key factor that affect crop
yield of the farms. Though the technology has promptly progressed in the field of smart
farming system that assisted in producing the optimal farm yield, soil nutrients management
is still a concern and challenging task as intensive sampling is required for laboratory
analysis. To resolve this issue, we have designed an electronic nose using gas sensor array to
classify soil fertility through analysis of soil volatile organic compounds (VOCs). Different soil
samples by varying mass of compound fertilizer including organic fertilizer were examined
using electronic nose. Electronic nose was able to discriminate soil VOCs released from
sample with fertilizer and sample without fertilizer that was revealed by the principal
component analysis patterns. Electronic nose networking system was developed for real
time monitoring of soil volatiles in the farm. Electronic nose networking system was installed
in an actual field over two months to fingerprint variation of soil volatiles. Soil nutrients
information was displayed online for the benefit of farmers that ensured them in making
informed decision. Soil organic nutrients levels and NPK fertilizers were graded successfully
by lab-made electronic nose and actual real time variation of soil VOCs were examined
using the electronic nose system.

Keywords: sensor array, electronic nose, soil VOCs, PCA, smart farming.

Introduction

Electronic nose is a device that has an array of gas sensors to classify complex and
simple odors using pattern recognition principle. It has been rewarding in various fields such
as in identifying food and beverage odors, breath odor of patients for early diabetes and
cancer (Seesaard, Khunarak, Kerdcharoen, & Kitiyakara, 2012: 1622-1626), classification of
human body odor (C. Wongchoosuk, Lutz, & Kerdcharoen, 2009: 7234-7249), soil sensing
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survey and soil volatile fingerprints (Pobkrut & Kerdcharoen, 2014: 1604-1609) and also in
detecting gases leakage in the industries (Chatchawal Wongchoosuk, Wisitsoraat,
Tuantranont, & Kerdcharoen, 2010: 392-399) but not yet appreciably used and rarely
documented in the field of monitoring soil nutrients in the farming system. Accordingly,
there is need to assessed and monitor the soil management system using a better
techniques. Electronic nose is developed to analyze soil nutrients based on soil volatiles to
monitor nutrients in the farming system because volatiles emission from the soil depends on
the fertility of the soil, environmental factors, microbial activities in the soil which depends
on physical and chemical properties of the soil and the climatic condition (De Cesare and
team members, 2011: 2094-2107; Lopez, Giraldez, Palma, & Jesus Diaz, 2016: 174-180; Zhao
and team member, 2016:1-13).

Our objective is primarily focused on application of electronic nose (see picture 1a)
and development of electronic nose networking system (see picture 1b) in precision farming
to fingerprint soil VOCs with compound fertilizer amendment and to grade soil fertility based
on soil organic matters from soil VOCs. Our platform will provide soil nutrients information
for farmers to keep track of soil status in the farming process. This will also leads to
optimization of our E-nose capacity to predict and fingerprint soil fertility because the
standard method requires laborious sampling which is not applicable over large area of the
farm. Electronic nose networking system provide a greater efficiency in terms of soil fertility
mapping and fingerprinting in smart farming.

Portable electronic nose used in the present experiment is designed by using
commercial metal oxide semiconductor gas sensors. This device is potable as well time
saving device as compared to any other devices. The electronic nose comprises of three
different components; (a) sensor chamber, an array consisting of eight different metal oxide
semiconductor gas sensors. (b) Gas flow system that consists of three way solenoid valve
that switched between sample gas and reference gas. (c) Data acquisition part has DAQ card
that convert analog data to digital data for analysis using recognition pattern of sensor

responses that are archived using LABVIEW program.
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The electronic nose networking system has a flow system controlled by air suction
pump to deliver soil odors to the sensor chamber that has an array of gas sensors. Data
transmitter had an Arduino Nano to read sensor data and Zigbee to transmit data from the
station. And the data receiver for collecting data via Zigbee to computer for analysis and
upload into the website. Unlike the portable electronic nose, the electronic nose networking
system does not require data acquisition DAQ card instead Arduino Nano reads analog data.
It uses the properties of Arduino Nano, circuit voltage and the load resistance for calculating
resistance of the sensors.

The present work describe the application of electronic nose and development of
electronic nose networking system integrating both hardware engineering and software
application in soil volatiles classification to fingerprint soil fertility. Data from both device
and the system are statistically analyzed using principal component analysis.

Literature Review

Soil analysis methods includes wet chemical analysis such as extraction of liquid
followed by subsequent analysis with laboratory based instrument to determine
concentration of micronutrients in soil, wet oxidation to determine concentration of organic
matter in soil and combustion method such as CHN analyzer. Over the years dry chemical
method like X-ray Fluorescence (XRF) and infrared (IR) spectroscopic are seen as more cost
effective and non-destructive soil analysis. Recently Fourier transform infrared (FT-IR), near
infrared (NIR) and X-ray fluorescence (XRF) has been used for predicting the soil properties.

At present, application of semiconducting gas sensors as an electronic nose is a
popular ongoing research to analyze soil non-destructively. As soil nutrients are the intrinsic
property of the farm management system, researchers have been deploying sensors
technologies in the field of nutrient management system to collect soil data and interpret
using different statistical methods. (Bastos & Magan, 2007: 556-562) has discriminated soil
types under different soil environmental conditions to detect the impact of nutrients to the
soil using conducting polymer sensor array with PCA pattern analysis. They found out that
nutrient type rather than concentration was found to influence soil volatile fingerprints the

most. The separation between glucose and straw treated samples after an incubation period
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of 10 days implied substantial differences between volatiles produced in both treatments.
(Pobkrut & Kerdcharoen, 2014: 1604-1609) classified different volatile organic compound in
soil using electronic nose designed with metal oxide semiconducting gas sensor array which
was installed on robotic vehicle enabling real time soil data collection. Soil samples treated
with chemicals fertilizers were also differentiated using PCA pattern. (Bieganowski and team
members, 2016: 1-13) discriminated different moisture level based on eight metal oxide gas
sensors interpreted that at the same soil moisture levels, the same soil types follow similar
locations in PCA plots. (Sudarmaji & Kitagawa, 2016: 1-11) captured soil gaseous profile under
different nutrients additions at modulated temperature using six metal oxide gas sensors.
PCA pattern showed that the temperature modulation leads to distinguishing of the soils
clearly to indicate the nutrient addition in soil.

Therefore the soil sensing techniques using sensor array offer a potential approach to
substitute conventional soil testing methodologies and environmental monitoring. Together
with electronic nose system we can monitor microbial activity within the soil in our farming
system to manage soil nutrients and enhanced crop yield in order to withstand global food
demand. However, the choice of specific sensors is a crucial role that can lead to a better

performance of the system as a whole.

Objectives

1. Integrate lab-made portable electronic nose for fingerprinting soil fertility variability
based on NPK compound fertilizer and organic matter content.

2. Develop electronic nose networking system for real time soil VOCs monitoring in

smart farm.

Methods
1. Portable electronic nose

Eight gas sensors developed by FIGARO USA, INC. were arranged and installed in a
circular chamber where the sample gas was allowed to flow through each sensor uniformly.
These sensors were connected to DAQ card that can convert analog data to digital data (see
picture 1c). The flow rate of the electronic nose was regulated at the rate of 0.5 L/min with
sample timing of 120 seconds and reference timing of 180 seconds. Zero grade air was used
as reference gas to deliver the odor from the soil sample into the sensor chamber. Switching
between the sample gas and reference gas while delivering the odor of the soil was
controlled by the solenoid valve that switched with the command time. A total of five
replicates were conducted for each sample to archive the data. The data were analyzed
using principal component analysis with LABVIEW program that classified in the form of
patterns and sensing response with bar graph. The types of sensors used in our electronic

nose for specific gas detection is given in table 1.
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Table 1: Gas sensors and target gases.

Sensor Chamber DAQ Card Data Output
J |‘| | No. Sensors Detection
& 1 MQ-8 Hydrogen gas
T— 2 TGS 2444 Ammonia
V1 .~ 3 TGS 823 Organic Solvent Vapors
e 4 | TGS 2600 Air Contaminants
1 S ] R J Air Zeto 5 | TGS 2603 odorous gases
— 6 TGS 2610 LP Gas
Picture 1c. E-nose working concept. ! 165 82 Hydrogen sulfide
8 TGS 2620 Organic vapor

1.1 Sample Preparation

Various Soil samples with varying fertility by adding NPK fertilizer and organic
fertilizers were prepared and examined under ambient temperature. For instance, soil
sample amendments of loam and sandy soil are given in table 2. The gain size organic
fertilizer was made into powder using mortar and mixed with sample soil homogenously and
kept in a closed sample bottle for a week in order to normalize the sample to emit enough
soil VOCs. We also prepared different soil samples using inorganic compound fertilizers for
soil VOCs differentiation.

Table 2: Mass composition of soil and fertilizers.

Sample | Loam Soil | Sandy Soil Organic Fertilizer | NPK Fertilizer
A - - 100 ¢ 10 g
B - 80 ¢ 20 ¢ 10 ¢
C - 100 ¢ - 10¢
D 100 ¢ - - 10 ¢
E 80 ¢ - 20 ¢ 10

2. Electronic nose networking system
In the system, we customized Arduino Nano with six output and eight analog input
pins. Analog input pins connected to eight different sensors orated analog values from each
sensor at the magnitude from 0 to 1023 when the operating potential was five volts. The
electronic nose system was integrated with Xbee PRO version (S2B) module that triggers with

TX peak current of 205 mA and RX current 47 mA when regulated at 3.3 volts as transmitter
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node. RX pin connected to Arduino Nano transmitted the data at the rate of 9600 bauds. On
the other hand, Xbee PRO version (52) module was connected to computer via USB as
coordinator node to communicate and receive data from the transmitter node for further
analysis. Data were recorded using python script to plot sensor signals as well upload on the
website.
2.1 Soil gas sampling technique
In order to collect the soil odor, PVC hub cap were placed on the soil surface
at different locations whose end terminals were connected to a common terminal tube.
From the common terminal tube, with the help of suction pump, the odors were delivered
to the sensor chamber. Before reaching the sensor chamber, soil gas had to pass through
next common three way terminal where a switching valve controlled the soil odor flow into
the chamber. The switching valve switched every two minutes allowing the flow of filtered
air and soil odor into the sensor chamber alternately. Air filtered using aactivated carbon
was the standard reference gas opted by comparing with zero grade air and the soil odor
was the sample gas.
2.2 Software application
The electronic nose networking system used python programming for receiving
data from the base station and simultaneously uploaded to MySQL online database. We
have integrated Hypertext Markup Language (HTML), JavaScript and Hypertext Preprocessor
(PHP) to display result online. To fingerprint soil fertility we applied PCA recognition pattern
along with LabVIEW programming. For data communication among the electronic nose

system Arduino IDE software and XCTU DIGI software were used.

Results and Discussion
1. Result from portable electronic nose

The results from the samples were categorized into two parts successfully by PCA
patterns. The data analyzed with PCA indicated that the VOCs of sample soil was changed
after introducing fertilizer and was able to separate normal soil samples from soil samples
with fertilizer distinctively in two different categories as shown in picture 2a. The scatter
variance of PC1, PC2 and PC3 was 99.5%, 0.4%, 0.1% respectively. VOCs from samples were
displayed in two distinctive groups. Much differences between VOCs of sample with less
nutrients and organic fertilizer was observed, however on adding organic fertilizer to sample
with less nutrients emitted similar VOCs to that of fertilizer which indicated the VOCs
emission from soil depends on the presence of nutrients or fertilizers (Insam and Seewald,
2010:199-213). Similarly the normal soil sample had also indicated much difference of VOCs
as it contained more nutrients but up on addition of fertilizer the VOCs from normal soil

sample was also enhanced clearly justifying that the VOCs of normal soil too altered due
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the presence of fertilizer. The sensor array was also successful in discriminating different NPK
compound fertilizers as shown in picture 2b.

The soil samples were also amended with NPK fertilizers and examined by varying
the days to fingerprint VOCs. PCA pattern successfully differentiated soil volatiles of different
days as shown in picture 3a. PCA patterns and percentage sensing response (see picture 3b)
indicated that the volatiles of the soil VOCs changed with the incubation days which

affirmed that electronic nose can classify soil fertility based on soil volatiles.

2.0
Specimen 10 z
1.5 ® rertilizer (F)
051
® Normal Soil
Lol Mol ot NPK-16-16-16
ormat Solty ,00 NPK-08-24-24
N A Sandy Soil ?
205 . <
= Sandy Soil+F -05
S N
*0.0 &
1.0
NPK-12-24-12
-0.5 4 Less nutrients Organic fertilizer 0
151
-1.0-®
_20 A T T T T T T T T T
5 4 3 2 -1 0 1 2 3 4 3 2 1 0 1 2 3 a4
PC1=99.5% PC 1-84.1%
Picture 2a: PCA of soil VOCs variation. Picture 2b: PCA pattern of NPK fertilizers.
4 100
Day
3 30 days, 40 days
24 50 days . Day 7
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Picture 3a: Soil VOCs fingerprints. Picture 3b: Percentage sensing response.

2. Result from electronic nose system

Our system was installed at different locations in the actual field to collect soil
data. The system was first pretested to find the sensing response signals upon inducing soil
VOCs and the air filtered using activated carbon. Soil VOCs data were collected from three
different locations within the field. Online data on soil nutrients were also displayed on the
website as shown in picture 4a. When we observe PCA patterns in picture 4b, the third
location indicated more fertile as expected (Dorji, Pobkrut & Kerdcharoen, 2017: 182-186)
since the soil was more fertile whereas the other two locations were fixed at the less fertile

areas such as sandy soil.
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Picture 4da: Online soil information on website Picture 4b: PCA pattern of online data

Conclusions

Portable electronic nose was successful in fingerprinting soil volatiles that were
amended with organic fertilizer and chemical fertilizer. PCA recognition patterns indicated
level of nutrients in the soil with respect to organic matter which affirms that the sensor
array had differentiated organic richness in the farm. Real time soil monitoring system was
developed and tested in the actual field for archiving soil data based on volatiles. Analyzed
data were also in accordance with portable electronic nose result that were compared to
the standard method. A user friendly soil nutrients status information were provided on the
website so that our farmers can keep tract of soil nutrients to make informed decision for
next cultivation. Therefore, electronic nose system in field of smart farming system provides
potential benefits to combat global food demand by monitoring soil nutrients to increase
farm yields. In future we opt for in developing mobile application particularly for monitoring
soil fertility in the farm.
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4.73 uagmsnamsigiszavsnmeesszuuanmailuldlunsaeutungused1sesi 84.5/84.8
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AdnARy: sruuAIUANanlulR lulasaeulnsames englu saniuukLasiaN

ABSTRACT
Present, automatic control technology has been developed rapidly. It was used in
several sectors. Such as the industry, agriculture, services, communications. And many other

type of industry. Automatic control system have taken an active role in the development. On
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the other hand, automatic control system which was quite complex in term of programming and
using the device. Generally, the main components of an automatic control system. There are
sensor unit, processing unit, control unit and display unit that they have been controlled by
microcontroller which was the center of control. Therefore, learning the automatic control
system was required a devices or equipment models which was appropriated. And studying the
process of remote automatic control system. Accordingly, the researcher emphasized about the
design and development of a microcontroller remote automatic control system in arduino
family, which was a very popular in term of microcontroller. When, it was creating a system that
was consisted of all basic equipment. The result of the research was evaluated by the experts,
lecturer and students. For evaluation in term of performance and design. The satisfaction rating
was at the most agreeable level at an average of 4.54. The most evaluated items are: safety and
interesting presentation techniques at the value of equal 4.73 and the results of the
performance analysis of the system from the teaching of the sample were 84.5/84.8, which was
showed effectively in teaching. And the work of all stations equipment is accurate and accurate
to conveniently apply to the real world.
Keywords: Automatic Control  System, microcontroller, Arduino, Design and

Development
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SPEED UP COMPUTATION FOR AN ONLINE TEST SERVER

Sompan Chansilpl, Kacha Chansilp2

"% School of Computer Engineering, Institute of Engineering, Suranaree University of Technology

ABSTRACT

Once in a while, many applications on the Linux server need more computation powers
to finish their jobs. One of the most popular server side programming language is PHP and PHP
has not been designed for parallel execution. This paper is to study and find a way to speed up
computation on the Linux server to its possible maximum. The result of this study is the
combination of using opcode caching and optimization, opcache, to speed up PHP script
execution and using separate computation calls to maximize CPU usage. Upon using this
method, the experimentation had shown that computation for test score on Stand-alone Online
Test System (SOTS) for 5,000 testers could speed up by a factor of 7.

Keywords: Speed up PHP, Speed up server scripts, Run PHP faster, Stand-alone Online

Test System, Maximize CPU usage

Introduction

Most of stand-alone web servers at present have 4 or more CPUs available for executing
instructions. User may write a server side script to provide web service and the most probable
choice is to use PHP as a programming language for the Linux server. The authors are the
developers of Stand-alone Online Test System (SOTS) (SUTLinux, 2017 and Chansilp et. al., 2011)
which is a ready to used online test server. It is an open source, Linux, and free of charge for
everyone to download and use. Once, 50 schools in Nakhon Ratchasima province in Thailand
had used SOTS to take a test on five subjects. Each school took the test separately and then
later all test doings would be combined with the right solution for score grading. The authors
were informed by the head teacher who did the combining that the server was hung. The test
doings of all 50 schools were sent to the authors to examine. During examination, it was found
that each combining took longer and after the right solution was included and calculation for
test scores was performed, the browser appeared stand still. At first glance, the server seemed
to hang but carefully look at the bottom of the browser, a message “Transferring data from the
server” was noticed which meant the server was still processing. At that time, it took 47 minutes
for the calculation to finish while the number of the testers was about 10,000. It was the first
time for the developers to confront with this situation. Normally, the maximum number of
testers on normal course is less than 120 students and calculating for scores only take 1 or 2

seconds. To accommodate calculating score for such large number of testers, code rewrite was
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needed but the result was just a little improvement on calculation speed. The calculation is
complicated and takes a lot of time because there are 9 types of test questions and there are
some scoring rules attached for each type as well. At the time of diagnosing the problem, it was
also noticed that during the computation, one of the CPU was 100% busy while the other 3
CPUs did little thing. After literature review, preliminary conclusion to crop with this calculation
problem is to find how to speed up PHP execution and how to maximize CPU utilization. The
following sections involve how to go about doing these and display experimental data

associated with each and overall accomplishments.

Literature Review

Vaswani (2009) explains how to install and configure Linux server with Apache, PHP and
Mysqgl. R. Richards (2006) has introduced “Service Oriented Architecture and Web Services”. In
“phplarchitect’s Guide to Programming with Zend Framework”, “Model-View-Controller” (MVC)
had been discussed (Evans, 2008).

Marzi¢ et al. (2011) had created dynamic Web applications, “Exam scheduler”, but at
that time speed had not been an important factor, instead, they focused only on methodology.
Ahmad et al. (2013) had developed PHP and MySQL based online examination system with
power failure handling and dropbox capability but they were also not concerned about speed.
Wen et al. (2005) raised many arguments to support for using PHP on the server but the paper
had nothing to do with speed of PHP execution while Johnlim (2008), Haddad (2008), Steve
(2014), Svennd (2017) and Raffael (2017) discuss how to deal with PHP execution speed.

All the reviews suggest two things could be done. The first thing is finding tools to make
PHP run faster and the second thing is finding how to spread running PHP code across all of
available CPUs.

Objectives
1. Study how to make PHP run faster and to finish its job quicker.

2. Study how to spread running PHP code across CPUs to maximize CPU usage.

Methods

There are two steps to speed up overall computation on the server side. The first step is
to setup and configure PHP to use opcode caching and optimization in order to speed up
interpretation of PHP scripts. The second step is to make separate computation calls in order to
spread computation to other available CPUs to maximize CPU usage. The details of these two
steps are described below.

Step 1. PHP opcode caching and optimization

To make PHP scripts on the server side runs faster may involve many factors such as

how to specify in PHP config file (PHP, 2017), how to specify configure file for apache web server,
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how to write PHP program and so on. However, without going into details of all these issues,
there are many suggestions such as Johnlim (2010) had suggested “writing clever parallel
software” and Svennd (2008) had explained what were these: APC, Opcache, Memcached,
XCache, Varnish and WP Super Cache where all help make server process faster. For SOTS
however, it is more appropriate to use PHP opcode caching. PHP is an interpreted programming
language. While running a PHP script, each instruction of the script will be interpreted or
translated into machine language or byte code before execution. PHP opcode caching is a tool
to intercept this translation step. When a PHP code is run and translated, the machine code will
be cached or saved. Next time when the same script is run, the saved machine code will be
used and run without the need to do translation again. We configured SOTS to use this feature
by enabling opcache that comes with PHP 7. The following steps are to configure PHP 7 to use
opcache for opcode caching (Steve, 2014).

1. Create opcache_blacklist file at /etc/php/7.0/apache2/opcache blacklist.txt contains

/var/www/html/testweb/*/data/*.php

opcache_blacklist.txt is a configure file contains which PHP files would be bypassed
(not do caching) by opcache (Raffael, 2017).

2. Configure php.ini, /etc/php/7.0/apache2/php. ini, and in opcahe section do these:

[opcache]

opcache.enable=1
;opcache.enable cli=0
opcache.memory consumption=64
opcache.interned strings buffer=4
opcache.max accelerated files=2000
opcache.max wasted percentage=5
opcache.use cwd=1

opcache.validate timestamps=1
opcache.revalidate freg=0

opcache.blacklist filename=/etc/php/7.0/apache2/opcache blacklist.txt

3. Configue the system to enable opcache

sudo service apache2 stop
sudo phpenmod opcache

sudo service apache2 start
4. Checking if opcache is running
Use comand: sudo php -v

If below message is obtained, opcahe is working

PHP 7.0.8-0ubuntu0.16.04.3 (cli) ( NTS )
Copyright (c) 1997-2016 The PHP Group

Zend Engine v3.0.0, Copyright (c) 1998-2016 Zend Technologies with Zend
OPcache v7.0.8-0ubuntu0.16.04.3, Copyright (c) 1999-2016, by Zend
Technologies

5. Stop using opcache
For whatever reason, to stop using opcache, do this:
Stop web server with command: sudo service apache2 stop
Disable opcache with command: sudo phpdismod opcache

Start web server again with command: sudo service apache2 start
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Display information on PHP with command: sudo php -v

will get:
PHP 7.0.8-0Oubuntu0.16.04.3 (cli) ( NTS )
Copyright (c) 1997-2016 The PHP Group
Zend Engine v3.0.0, Copyright (c) 1998-2016 Zend Technologies

Step 2. Separate computation calls

PHP was not designed for parallel execution. One way to increase computation power is
to maximize CPU usage. How would one do about this? Fortunately, PHP provides an
instruction, curl multi exec() (Haddad, 2008 and PHP, 2017), to allow PHP to make calls to other
PHP code on the server and monitor when all the calls have finished. Therefore, for SOTS, the
computation for score grading will be divided into many parts, then call each part with
curl multi_exec(). When all parts are finished, combining the results will be performed. Below is

a part of the script.

1. Smh = curl multi init();

2. for ($k=1;$k<=5; Sk++) {

3. Sch = curl init();

4. -

5. curl setopt (Sch, CURLOPT URL,
"http://localhost/cal part.php?num=$k&total=5");

6. curl multi add handle ($mh, $ch);

7. }

8. Srunning=null;

9. do{

10. usleep (1000);

11. curl multi exec($mh, Srunning);

12. }while ($Srunning > 0);
13. curl multi close($mh);

Line 1 is to initialize the calling. Lines 2 to 7 are the calling. Lines 8 to 12 are to monitor
whether all the callings are finished. Line 13 is to close the calling. After these lines, combining

the result of all calling could be performed.

Results and Discussion

A. Computation for 5,000 testers on a notebook

For test questions, 120 multiple choice questions with 5 choices were used. First
experimentation, simulation for 5,000 test doings (5,000 testers) was performed on SOTS where
it was installed on a notebook having 4 CPUs and RAM 8GB. Data were collected while using
opcache, not using opcache, separate computation calls (2calls to 6calls) and not separate

computation call (1call). The result was plotted in Picture 1 below.
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Calculation on test doing for 5000 testers

45.00
® Mo Opcache

40.00 ® With Opcache
35.00

30.00 |
25.00 |
20.00
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15.00 [~
10.00 |
5.00 |
0.00 '

Icall 2call 3call 4call Scall Gcall

Number of separate call

Picture 1: Computation for 5,000 test doings on a notebook server

Table 1: Raw data

# of call No Opcache With Opcache Faster Factor
1call 45.00 14.20 3.17
2call 25.70 7.70 3.34
3call 24.00 7.70 3.43
4call 21.50 6.40 3.36
5call 21.50 6.50 3.31
6call 21.50 6.50 3.31

Overall speed up factor = 45.00/6.40 = 7.03
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Picture 2 shows CUP usage during 1call (one CPU 100% busy), 2call (two CPUs 100%

busy), 3call (three CPUs 100% busy) and 4-6calls (four CPUs 100% busy).

CPU History

= 40
CPUT 0.0% I cruz 3.0%

B0 saronds

CPU History

100 %

o
[ crus4 2.0%

0

't {'_ ) v L.i. 0%
- L — . 0%

"\,I !l' 100 %

Eﬂm;_tui B _5ﬁ - 40 0 . 20 10 1}
(] crPut 100.0% ) cru2 saw [ cru3 s9% [ crus 100.0%
CPU History
// oy e Y.\ ] T T\ A A o = 00%
AR Y A A A PO LA A E0%
&0 seconds 50 ] 30 0 10 i}
CPU1 100.0% I cruz 1000% [ cPuz 100.0% [ cPus 9.1%
CPU History
| e £ 100 %
‘\_)‘ ‘\,\"/(J %
0%
60 seconds 50 40 30 20 10 0
CPU1 100.0% I cPu2 100.0% [ cru3 100.0% I cPus 100.0%

Picture 2: CPU usage

Data results in Table 1 had shown that using opcache alone could speed up
computation by about 3 times and when combining with separate computation callings up to
the number of CPUs would speed up computation to about 7 times.

B. Various amount of testers on the notebook
On the same notebook, amount of testers (test doings) were vary from 1,000, 5,000,

10,000 and 50,000 and obtained the plots as shown in Picture 3, 4, 5 and 6.

G 43



v
o

ndsvgaArn1sseAus Aty gyadast asei 7

2 fguieu 2560 aantunsdanatioyonada

Calculation on test doing for 1000 testers
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Picture 3: For 1,000 testers
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Picture 4: For 5,000 testers
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Calculation on test doing for 10000 testers
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Picture 5: For 10,000 testers

Calculation on test doing for 50000 testers
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B Mo Opcache
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Seconds
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MNumber of separate call

Picture 6: For 50,000 testers

Picture 3, 4, 5 and 6 showed that on the same computer, computation speed up
would stay almost the same independently on how many test doings.

C. Experimentation on various computers

This step is to perform computation on 4 different computers for 5,000 test doings. The
specifications of these computers are shown in Table 2 and the results of computations were

shown in Picture 7. It was obvious that the same result patterns were repeated.
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Type RAM CPU Cores
Notebookl | 8GB | Intel(R) Core(TM) i5-3230M CPU @ 2.60GHz CPU 2 cores works as 4 processors
AMD FX-7600P Radeon R7, 12 Compute
Notebook2 | 4GB CPU 4 cores works as 4 processors
Cores 4C+8G
Desktopl 8GB | AMD Phenom(tm) Il X4 840 Processor CPU 4 cores works as 4 processors
Desktop2 4GB | Intel(R) Core(TM) i5-6500 CPU @ 3.20GHz CPU 4 cores works as 4 processors
i i W No Opcache
Calculation time for 5000 testers on four computers ® With Opcache
80.00
70.00 [
60.00 |
50.00 [~
2 4000 |
i
&  30.00
20.00
10.00
0.00 '
1call 2call 3call 4call 1call 2call 3call 4call 1call 2call 3call 4call 1call 2call 3call 4call
Notebook1 Notebook2 Desktopl Desktop2
Number of separate call

Picture 7: 5,000 test doings on 4 computers

Conclusions

PHP cache optimizer, opcache, could be enabled and when it was used for SOTS,

computation speed up was obtained. To use opcache, one may have to create blacklist file

which would tell opcache to bypass some PHP files for caching. Separate computation calls

also increase performance, however separate computation calls must be carefully utilized

because while doing this, the system will not have CPU left to perform other chores and

may degrade other applications performance.

PHP cache optimizer and separate computation calls can help speed up server side

scripts on SOTS when a lot of computation powers are required and the same PHP scripts

are used over frequently. Both techniques have been applied to SOTS in present version.

This method has improved performance for SOTS and could result in making it more

suitable for handling large scale online test.
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Unanes

AfeiiTngUizasdiiioAnudadeiiidvinadeniseeniunisliou sap B1 vesldan
S¥UU uagnTIREpuAIADnadevalunafiiauItuiudeyadase Sndaunguiniseeniy
walulad Tneifiuteyaaingiivszaunisalmsldau sap B1 ddlunausznoudeduusuds Téun
mMs3uifeusglonilésu msfuifernuiesenisldanu mamieusenisivasuuas dnvuznns
Aerdosvesiuuazysraunisal nsiineusy anudh fuldvessyuu wazsedunissensu SAP Bl
MNHANTIATIERANNEERRAdBvadluwa nuiluwalinnudenndesiudeyaidausedntiuegned
Tneflaana la-auas (x2)= 447.94 aarmdasz(df) = 394 CMIN/DF = 1.13 GFl = 0.95 AGFI = 0.94
SRMR = 0.03 wag RMSEA = 0.02 fAdvEnaninssuaznisdounasdulsyansidunisesnad
ydIAYNIEn

AENARY: LWUUT1A0IN15EBNTUMALLLAE SEUUNITINURUNSNEINTOIANS

ABSTRACT

The objective of this research is to study the factors that influence the acceptance of
the usability of SAP B1 for system users. It will also examine the correlation of developed
model based on the Technology Acceptance Model by collecting data from the real user
experiences of SAP B1l. The model consists of a latent variable; such as, the acceptance of
the achieved benefits, the acceptance of the easiness for the usability, the readiness for
changes, the characteristics in relation to tasks and experiences, the training session, the
system compatibility and the acceptance of SAP Bl. Based on the analysis for the
correlation of the model, it is found that the model has high correlation with an empirical

data. The Chi-square(?)= 447.94, degree of freedom(df) = 394, CMIN/DF = 1.13, GFl = 0.95,
AGFl = 0.94, SRMR = 0.03 and RMSEA = 0.02 direct with DE and IE of path coefficient in a

statistically significant.

Keywords: Technology Acceptance Model (TAM), Enterprise Resource Planning (ERP)
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vio TAM)  Fadunquiiilumdinanudnsavesnmsldmalulad gniniauelae Davis (Gave
2399 waggiuvn 19A3ANs, 2555)

wdnn1sves TAM lumsnwiefeiiidnsnasemnudslananmgfinssunisléinalulad
asauma Fsusznaumetadendn Ao mssuifeslowdildsu (Perceived usefulness %3 PU)
nssuFinduszuuiiiesensldau (Perceived ease of Use w3e PEOU) uasviruadiidnenisld

311 (Attitude toward using) Fudutlidedrfgyvesnginssunsldnumaluladansauma Jauans
Aagun 2

JUN 2: wuudaesiuatiuves TAM @y agu uasatium 19Aansins, 2555)
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CMIN/DF (<2) GFI (20.90) AGFI (20.90) uag RMAEA (<0.05) Zsaenndasmumnuiaaniasizs
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fauusnelu

nssufieanudtedensld | nisfudteussleviitlésu N
USE (n13a35uU SAP B1)
911 (PEV) (PU)

faudsniguen NN

answa answa answa answa answa answa answa answa answa
MIAse | medeu WASIU s | medeu WATIU s | nedau WA

ns¥uitiadselev . .

s - 0.25** - 0.25 RIRBIL]

Alesu (PU)

nsfuitianude . .
- 1.25%* - 1.25 LN 8]

fon5lgau (PEU)

Anwazn1sNeIves
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Uszaunisad UR)

anuniulaueg , .
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H3 - mnuwdeusiensiAsuLdasiimuduiudidsuinfunssudisuselovilasy i
31N SAP Bl
H4 - é’ﬂwmzﬂWiLﬁaaSﬁaaﬁumuLLazUizaum3zﬁﬁmwmé’uﬁuaﬂ%qmﬂﬁumi%’ufﬁa .
ANUdERBN1TlEaIU SAP Bl HORRY
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PROCESS IMPROVEMENT FOR MOVING PART BOXES INSIDE THE VEHICLE BODY

gaiing fasuriwand |, algade usly
1 2
Jutathip Leelathanapipat , Nutdanai Mano

1,2 a a o Y] av ¢
F1UNIYIFINTIUYAE1NTT ﬁﬂ’WUUﬂ’ﬁﬁ)ﬂﬂﬁ{j@QJﬂﬂ’Nuu

1,2 . . . . .
Department of Industrial Engineering, Panyapiwat Institute of Management
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UNAnED

MAdeEi ngUsrasfitoanaugauailunssuiunisnmsvudiendestudiunislusids
soeud NTAANYILTNIUUTENOUTALUA 2INNTTIVTINTOYAAINTTVINNY NUILTLEENUAZLIAT
Tunsvudsndesdudiunniiull dewalinszuiunsaugendestudiuand H38ldvinnisfin
ANSTIUAIGLHUANLEAINTSVNU (Flow Process Chart) wagldinatia why-why analysis §1%5U
mslasgidumainguostamn Snvisldndnnis ECRS uay KAIZEN Tunisusuusaudlotigm iile
Lﬁmﬂizﬁw%mwLLazammmqﬁyma'waamzmumisuudwaﬂéaaeﬁuﬁaumﬂuﬁaé’aiaauﬁ

Han1saLiun1susulsalagldndn ECRS Iuﬂﬁﬂ%’uﬂﬁﬂsﬁy’umaumiﬁwm uagluvan KAIZEN
LWE]ﬂ’]i‘UiU‘UNWUV]miVIN’m i'gumﬂiwiﬁmwﬂmLLEJﬂﬂaamumu WUMEUNTIANANNGYLUEN
Guaﬂﬂiumumiwmaﬂaawumulm mmaimumaumimmuiumumumieuums;maawumumﬂ
B 71 Fumeu anawvEe 65 Tumeu LAINSTNINAINRL 7,821 Jund anauvde 6,623 Jundl
IPYLTNNNITYINNUALAY 1,135  LUAT anadtds 990 AT Lazaiuisaand uiuninaiuly
nsgvIuMITUiIndesdutuneluffssnsuianidu 10 au anauvde 6 au Anidugarduny
WU 350,000 UINaaU

Frdhdny | MIanAgaula N1sUsuUTINsEUAUN I nsUuUTsiufineineu

ABSTRACT

This research aims to reduce the waste in the process of moving part boxes inside
the vehicle body using case study of automotive assemble plant. Found that the operators
were wasted due to transportation and waiting in process too much. The impact of
unloading part boxes process was delayed. Researcher had studied the workflow by flow
process chart and analyzed the cause of problem by why-why analysis for choosing work
procedures which causing the waste in the process and improved by using ECRS and KAIZEN
to increased efficiency and reduced waste of unloading part boxes process

The results of process improvement had been decreased work procedures from 71

steps to 65 steps. The time of working from 7,821 seconds to 6,623 seconds. The distance of
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working from 1,135 meters to 990 meters and the operators form 10 persons to 6 persons or
350,000 baht per year.
Keywords: Waste reduction, Process improvement, and Working area improvement
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ABSTRACT

This work aimed to compaire numerical method and stability lobe diagram for
determining optimal cutting depth of SKD11 by different of clamp length. The 25 mm diameter
of specimen was employed for damping ratio and natural frequency determination using
vibration apparatuses. The experiments showed that the clamping length 100, 150, 200 and 250
mm was 0.03639, 0.06221, 0.05609 and 0.01898 of damping ratio, respectively. The natural
frequency on each clamping length was 404.62, 185.46, 176.89 and 136.85 Hz, respectively.
These value were used to calculate the optimum cutting depth in turning without chatter by

bisection technique of numerical method and stability lobe diagram. The calculation was also
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refered to DIN 804 with transmition ratio 1.41 for rotation speed of lathe machine. The results

exhibited that the dimensionless cutting depth ratio comparing of numerical method and

stability lobe diagram was difference average 23.86% - 13.79%. The optimal cutting depth in

rough turning process was in range of 1.5 to 3.1 mm and 1.5 to 2.3 mm for numerical solution

and stability lobe diagram. The relative difference analysis within 10% of both solution methods

presented optimal cutting depth approximately in rang 1.5-1.67 mm for some range of turning
revolution and various workpiece campling lengths.

Keywords: chatter, numerical method, stability lobe diagram, natural frequency,

optimization
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FoanduauvivhliiavestunudugnedubiBeuuar il mauiidoms sunvedunudin
AuAIRAmaNn Laziaiesdlefililunsiadeunnninvieiinmuidemels (Tanintorn & Somkiat,
2013: 129-137) MsduamfieuaziAntusnyetostutuogiudeulaildlunsndsiie wu Snanns
Jou (Feed) mnui3158u (Spindle speed) amnudntunssn (Depth of cut) Wusiu nsdentdinnudnd
winzalunIndsdunuasiasanmsAauenme At ungnsnddld wan sko11 Wumdndidany
udage Dealddmivnuuifailfiduminiaiedle uaswifissing fdiunauasuou 1.5% lasilex
12.0% fApnuduiou 330 MPa Andslugaa 200 GPa HR1uuds 61+1 HRC (Xavierarockiaraj &
Kuppan, 2014: 1657-1666) n15naawén SkD11 Sedeadenldmsfiweslunsnduaraudaiivangay
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uananafusiliiunuiidianuudwnseiuandieiu SuemmesaniAatuiutagidaeund wnse
Uoev3evInAAULGILnse (Campa, Lopez de Lacalle, Urbicain, Lamikiz, Seguy, & Amaud,
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anunsamlsannnsmiaiiosnmuuugnaay (Stability Lobe Diagram) Wagm3AILIAL Fausiazis
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msvdseuluaufedunoudouussyfas fosdwinmuimihfinaneidesanmedinisindigudu
wmsgufidmun dwalinanindieiesussyfusidninsusiaziniuedosing duddeniaily
MsusTYiiuvie Fowgaiadesdnsiiovinsudletymidanann Fsdeafiuniin muanyhuiiiname
yilniinauiiniuausindu ffeldiuniinmesitymfsunudsinaa wiewiananig
nmssenanuldivaiin Why Why Analasis Tunisudledem

nanAFoUNUIN Wefinmsnseenuuugunsaliazainanieanamesitliniinnul foRa
Idavmntunarannsauidgmanuguemeguiunasguiitmualas enugedidoglunast fe
3 - 4.5 wufuns Tufsansnansiuuminnu washidatuneunisieuiliduiu andunon
nsiuAndedldntdneu 6 Ay TAUNUAILAILIY 748,800 UmHaT aANTNMUARINANEGE 2
A AndufunuiuALse 249,600 unsied anaslddia 499,200 used Andusewas 66.67

Addny: MaiaUsAnEAINNITINU NTEUIUNTHEATNY

ABSTRACT

This research aims to find ways to increase efficiency in the pie production. In the
process of drying before packaging. The designer and inventor of the pie used to replace
staff who served the pie. Reduce the number of employees on the production line down.
The study process pie. In the process after the baking step prior to packaging. Employees
must have served the pie because the pie has rebounded above the standards. As a result,
the imported products with the packaging machine. Wasting time on packaging. To stop the

machine to correct the problem. Need more staff to serve the pie. Employees are much
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more than necessary. The researcher analyzed the problem with fishbone diagrams. The
cause of the questioning techniques Why Why Analasis ECRS then applied to the problem.

The results showed that. When designing the device and creating a press pad,
employees can work more comfortably and can solve the height of the pie higher than the
standard set by the height of the criteria is 3 - 4.5 cm, and can reduce the number of
employees. And eliminate unnecessary work procedures. From the previous work process, it
was necessary to employ 6 employees with the labor cost of 748,800 Baht / year, reduce
the number of employees to 2 persons, the cost of labor was 249,600 Baht / year,
decreasing to 499,200 Baht / year, or 66.67%

Keywords : Increasement Efficiency, The Pie Production

unin
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Process Capability of aaugawna (cm)
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PPU 037
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Observed Pedformance Exp. Within Performance Exp. Overzll Parformance
PPM = LSL 0.00 PPM = LSL B56.27 PPM = LSL 83527
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ABSTRACT

This study revealed local people's opinion toward flooding in Mueang Chanthaburi
District. The samples were people living in the risk areas of flooding, at Chanthanimit Sub-
district and Namphu Market. Data was collected by questionnaire and observation. The
results showed that the flooding caused stress 20.17% of the people and affect to life 5.88%
of the them this damage which occurred in 1-3 days after flooding cause less than 10,000
Baht. As a result, people in this area can accept to the flooding. Because of flood warning
system and the government agencies assistance, local people can help each other. However
it has still lacked of public participation in sustainable flood management solutions.

Keywords: Adaptation, district of Chanthaburi, flooding, flood risk areas.
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ABSTRACT

During a few past years, Internet of Things (IoT) has unprecedentedly become a buzz
word in most areas of business and industry. In this paper, we have developed and adapted
an loT solution for human gait monitoring information based on data shoe system over the
internet via 3G/4G LTE or internet router. A private java application server displays the
walking information via graphs and widgets together with Blynk which is a platform on
android and iOS mobile apps. To observe gait information, we have adopted force sensitive
resistors (FSRs) installed under the insole of the shoe for collecting walking data. ESP8266
Wi-Fi modules were used as low cost data transfer. Bridge widgets function is used for
device-to-device communication between both shoes. Step countering, one of the most
important gait parameters, was chosen for evaluating this solution with a simple walking
algorithm. The accuracy of step countering is compared to iPhone apps in difference walking
styles. The integration of sensors, wireless technology and loT could improve the data shoe
system in term of facilitating the users and administrators to access the gait monitoring
primarily in step count.

Keywords: Data shoe, Smart home, Gait monitoring, Smart shoes, Wearable device

INTRODUCTION

Technological advances in satellite communications and the Internet that unite
covers all over the world. Communication systems using mobile wireless transmit signals in
the 3G/4G LTE system are communications revolution which from only voice signals and text
become voice, images and video conference in real-time. This Instantly modern technology
which has created and developed from the inspiration of researchers to continue their
business. The technology can be accessed and owned by all classes and all ages in design
of smart phone which change in learning behavior and communication of humanity from
travelers to come to just forwarding information to the target audience in a short time

simultaneously all over the world.
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At presents, Internet of things (IoT) has been increasing interest due to some reasons.
For the example, the development of sensors with cheaper cost and smaller size which can
embed on the wearable device (Seesaard, Lorwongtragool & Kerdcharoen, 2012: 1-4).
Secondly, many fair price communication technology devices so researchers or developers
can select a suitable communication design in length and power consuming or even the
communication architecture including device-to-device and device to cloud which can
applied in smart home (Lokavee, Suwansathit, Tantrakul & Kerdcharoen, 2012: 1-6) and
smart farming (Pobkrut, Eamsa-ard & Kerdcharoen, 2016: 1-5). Moreover, there are many
application tools to help developers can create own application to process and display
sensor signals. For previous reasons, these are the opportunity for researchers to creative
minded and further develop the technology into many other innovations in their interest
field based on loT.

LITERATURE REVIEW

Generally, caring for patients and public health care, it has developed to further
optimize caring for patients as well as rehabilitation equipment for support patients to help
themselves healthy and longevity with quality. In addition, the business elite to apply to
people who are interested in health care issues, patient care and aged care provides good
quality without medical equipment through the hospitals system which nowadays are more
expensive services. In contrast, take care of themselves with the equipment to develop
cheaper, people can be purchased and convenient such as smart shirt for odor detection
during the day (Seesaard, Lorwongtragool & Kerdcharoen, 2012: 1-4) and smart pillow for
sleep monitoring during the night (Lokavee, Watthanawisuth, Mensing & Kerdcharoen, 2011:
71-75). In particular, the display in applications on mobile phone monitor makes more
facilitate the user because they familiar with a daily smartphone using.

Gait monitoring based shoes design can be applied for track the behavior of the
elderly and patients to create the habit of exercising regularly for those who want to walk
for exercise rehabilitation and to suit the age and physical condition of the patient (W.
Zhang and team members, 2016: 111004; B. Shin, 2016: 6977-6989; Y. Long and team
members, 2016: E1408). Created by wireless communication based on Wi-Fi technology and
mobile phone system with 3G and 4G LTE technology. Visualization via the monitor screen
of a mobile phone respond to concern that families of patients and elders who wish to
exercise by walking which is an exercise due to fatigue after a long sitting from the behavior
that follow the news attentively from TV or even a smartphone and recognize the value of
exercise. The seat-only or sleeping alone for a long time been a source of many kinds of
chronic diseases such as diabetes, hypertension and hypercholesterolemia can cause clots

in the veins. Which is the source of a sudden heart attack and cerebral ischemic. These
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diseases can be a burden on their children in the future which these chronic diseases can be

prevented by exercise, as appropriate, age and body of the individual.

OBJECTIVES

To present an approach for the development of data shoe monitoring system based
on wireless communication using Wi-Fi transmission module with commmercial force sensitive
resistors for gait detection focusing on step counter in difference walking style and find the

accuracy comparing to step counter on a visualized smart phone application.

METHODS
1. Data shoe configuration
The concept of this device is to accurately track the complete gait parameters
preliminary in step count. It is also used comfortable with traditional insole by adding force
sensitive resistors (FSRs) under the insole of the shoe for gait detections and step countering.
Moreover, data shoe includes print circuit board (PCB), microcontroller and Wi-Fi
transmission module using NodeMCU which includes firmware of ESP8266 Wi-Fi system on a
ship (SoC), accelerometer (ADXL345) and a battery module.
2. Sensors system
To detect the pressure under the foot which can provide a g¢ood quality pressure
map under the foot (F. Lin and team members, 2015: 1-6) and can also saving the cost, so
we use pressure sensor under the insole of the shoe (Donkrajang, Watthanawisuth, Mensing
& Kerdcharoen, 2012: 1-5). FSR sensors cover the area of toes, ball, lateral border and heel
position. Thus, there are covered the two main areas that produce high pressure distribution
included forefoot and rare foot (Y. Wu and team members, 2015: 2335-2343). Moreover,
ADXL345 which is a 3-axis accelerometer and gyroscope in a single chip is used for the
further work to obtain dynamic acceleration resulting from motion especially in an
emergency case in future work such as falling.
3. Wi-Fi module and battery module
There are many ways to transfer the data from a motion device to the mobile
display such as Zigbee or BLT which are low energy consumption and provide strong signals
stability in a local area (Thepudom, Seesaard, Donkrajang & Keardcharoen, 2013: 81-82).
However, there are another interesting module that can also transfer from a motion device
based on Wi-Fi technology. In this project, we adapt NodeMCU based controller and Wi-Fi
module for sending the data to the server though the internet using Arduino IDE program. By
sharing a 3G/4G LTE hotspot or via a router connecting the internet, NodeMCU allows local
area data transfer to the server via domain name system (DNS) as shown in picture 2.
Moreover, we use device-to-device communication though bridge widget function with no

app involved in order to write commands for control and manage transmit or receive
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calculated parameters to multiple devices so it can help prevent high loads and flood errors
on the application server side. In addition, the power supply for this design contains a 3.7V,
li-Po battery with lithium battery charging and protection module.
4. Server and mobile application
On the mobile display, we propose that the app would have a good responsibility
to show the human movement at 4 Hz with cool widgets, commercialize design and
facilitate the user. Thus, we provide Blynk which is a platform with Android and iOS apps to
control the MCU with Arduino and likes over the internet as shown in picture 1. Normally,
this application has their own cloud service for users but it also allows a custom local server
for developers to storage the raw data and libraries to control the app display which is an
open source, so we can set up the local server under our own router connecting with a
single board computer using a raspberry pi2 via a static local IP. For this reasons, the private
local server has more advantage due to lower legacy than the Blynk cloud and easy to
customize the server. For the data communication design, after the NodeMCU send the gait
data to DNS via the internet connection via 3G/4G LTE hotspot from a mobile phone or the
nearest Wi-Fi router in picture 2, the local server will receive the gait data through the router
which is port forwarding modified via a hardware port. After that, the data is sent to the app
for demonstrate the result via an application port as shown in picture 3. The completed
shoes with mobile application is shown in picture 4.
Server and mobile application
Basically, data shoe monitoring system is designed for seniors or patients, so the
algorithm that created should be high accuracy in real lift gait movement such as walking
and Stair ascent/ descent. For the normal gait movement, we limit the frequency at 4 Hz
that can provide good responsibility to normal gait activity and also avoids the data flood in
the local server. When 4 commercial FSR sensors produce the pressure, the average
pressure is defined as equation 1.
Pag(t) = ~ 2L, Pi(0), (1)
Where P, the value of each FSR sensor and N is the number of FSR sensors (F. Lin
and team members, 2015: 1-6) . The average gait pattern of all FSR sensor by the number of
samples is shown that in picture 5a. For the algorithm, we are interested in the difference of
each plot of the data which is defined as AP,,. Secondly, we obtain constant values or

thresholds defined as O and B For this beginning, B is equaled to -O value for calculate

peaks detection as shown picture 5b. After that, trigger value is used to switch the state of O
and the trigger value is a value of 1 and -1 to track the step state in each single gait cycles

as shown in picture 5c.
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RESULTS AND DISCUSSION

In this section, loT-based data shoe with step count algorithm results will be present.
For this experiment, the data shoes are connected by 4GLTE Wi-Fi hotspot shared by iPhone
6 plus at Mahidol University, Bangkok, Thailand. Five chosen walking styles comprising
normal walking, jogging, sprint, stair ascent and stair decent are step counted by the data
shoes and smart phone step count application. The experiment is separate in 2 days to
ensure the loT communication system and has 4 repeated test in each walking style. The
number of total step count are shown in Table 2. For the result in real-world step count, all
of walking style patterns are present by average pressure values P, as shown in picture 6.
Firstly, high values in the graph are generate by high force distribution under the insole of
the shoes where FSR sensors are located, this phenomenon occurs in stance phases of gait
cycles. In the opposite, low values in the graph are generated by low force distribution
contracting under the insole during swing phases of gait cycles. For the suitability of
sampling rate at 4Hz, most of the graphs can be measured by 4 Hz sampling rate except
sprint posture which the amplitude of the graph is not equal in each gait cycles as shown in
picture 6c. For this reason, it can be implied that the data shoe should be increased the
sampling rate to support the faster gait behavior for precisely data collection in our future
work. However, in other walking styles which are lower gait movement comprising normal
walking, jogging, stair ascent and stair decent generate pleasantly gait monitoring data with
quite stable amplitudes. For the step count algorithm, all the gait monitoring data using
average pressure values P,, are calculated in to AP,, as shown in picture 7. For this
method, O and B thresholds are used for the peak detection. Moreover, trigger value is
used for track brief states of gait cycle including stance phase and swing phase respectively.
In other word, the steps can be roughly counted as the number

For the experiment, the step count accuracy is defined as following equation and the
result is shown in Table 2.

Acc (%) = (1=INtrue=Ncount ) % 100% )

Ntrue

Where Ny,e and Negunt @are the number of true steps and counted steps.

For the end of this section, we compare step count accuracy in five walking style
between data shoe and smart phone using step count application downloaded from App
store and the results are shown in Table 2. For the overall results, the data shoes have high
ability to count the step comparing to smart phone App. As the aspect, sprint posture has

lowest step count accuracy comparing to other walking styles at 96%.
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Table 1: A simple step count algorithm with thresholds

1: Input: N channels pressure sensors | 10: end if

P(),1<i<N 11: end if

2: a = threshold, t = trigger;
12: else if AP,,,>t* a then
3: Calculate the average pressure

13:if t=1then

Pavg(t);

4: Calculate the delta of average | 14: step count = step count + 1;
15: t =t

pressure AP,y ();

5: Initial: trigger = -1, step count = 0; | 16: Return: step count;

6: while 1 do 17: end if
7:if AP, <t* a then 18: end if
8:if t=-1 then

9:t=-

Table 2: Step count in deference walking style.

No. | Walking style Step count
Total number | Data shoe Smart phone
of step (% Accuracy) | (% Accuracy)
1 | Normal walking 100 99.67 96.75
2 | Jogging 100 99 9T
3 | Sprint 100 96 96
4 | Stair ascent 80 100 93.75
5 | Stair descent 80 99.17 97.5

FSR sensors

Mobile display

Picture 1: Schematic diagram of loT based data shoe monitoring system.
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Picture 2: Block diagram of sensors and transmitter module.
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Picture 3: Block diagram of receiver module.

Picture 4: loT-based data shoe with Blynk mobile application.
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Picture 6: The average pressure value P, of walking (a), jogging (b), sprint (c), stair ascent
(d), stair descent (e) (Left graph). The delta average pressure value AP, of walking (a),
jogging (b), sprint (c), stair ascent (d), stair descent (e) in real-world experiment (Right graph).
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CONCLUSION

The loT-based data shoes are successfully developed and tested. This system
comprises force resistive resistance sensors (FSRs) embedded under the insole of the shoe,
data acquisition, wireless communication with iOS and android applications. Five walking
styles consist of normal walking, jogging, sprint, stair ascent and stair descent are step
counted by the data shoes. For the result, the data shoes successfully count the steps
comparing to smart phone. The data shoes together with iOS and android applications
functionality to adapt other sensors in data shoe and be very useful for health care

monitoring and virtualized via other smart phone devices.
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ABSTRACT

This paper presents the Thai text classification with deep learning techniques. The
English text classification framework cannot apply to Thai directly because Thai words are
not segmented from each other, that makes the machine confused. In this situation, the
word segmentation or tokenization is a solution but the word segmentation in Thai is also
not easy. Another solution is to classify text in character level without segmenting raw text
into word. Classification in character level is quite bad performance for the traditional
classifiers, such as neural network and support vector machine. This paper proposed the
character level compared to the word level for Thai text classification in deep learning using
convolutional neural network with some special layers. The results show the promising
performance of the proposed technique.

Keywords: Text Classification, Thai, Deep Learning
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EFFECTS OF USING PARTIAL HYDROGENATED BIODIESEL (H-FAME) AS A HIGH
BLENDED BIODIESEL FUEL IN THAILAND: REDUCTIONS OF FOSSIL FUEL AND
GREENHOUSE GAS EMISSIONS
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““National Metal and Materials Technology Center (MTEQC),
National Science and Technology Development Agency (NSTDA)

*Automotive Manufacturing Engineering, Panyapiwat Institute of Management

ABSTRACT

This work studies on demand side of applying advance biodiesel, the Partially-
Hydrogenated FAME — H-FAME, for Thai road transport sector. The potentials of applying H-FAME
beyond a limit of traditional FAME biodiesel B7 are investigated. The H-FAME is another
promising biodiesel which its production process is much closer to tradition FAME biodiesel but
has proven properties for applying as automotive diesel fuel, therefore, the current supply
side of biodiesel will have more opportunity for adapting to high blended biodiesel in the
future.

The calculation of biodiesel demand has been done in the developed energy
demand model for Thai road transport. The reductions of fossil fuel demand and
greenhouse gas emissions are also determined. It is found that large portion of the target of
Alternative Energy Development plan (AEDP2015) can be contributed by road transport
sector. However, results of sensitivity analysis shows that biodiesel consumption can deviate,
according to variation of vehicle number projection from the current referent trend.

Keywords: Fatty Acid Methyl Ester biodiesel, Partially Hydrogenated FAME, Thai Road
Transport Sector, Road Transport Energy Demand Model, Sensitivity Analysis

Introduction
1. Energy Consumption in Thailand and National Energy Plan

As one of recent emerging economic countries, Thailand energy consumption is
continuously growing up with developing of economic activities in various sectors, e.g.
industrial, transport, residential, commercial building, agricultural etc. However, the majority
of energy resource of Thailand is relied on imported energy as shown in Picture 1, especially
for the transport sector which 90% is shared by petroleum products (DEDE:2016). In addition
the transport sector is one of the largest energy consumed sectors in Thailand (another one
is industrial sector, these two sectors contributes about 65% - 70% of domestic energy

consumption).
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Picture 1: Thailand energy consumption
Source: DEDE:2016

With concerning to the impact of national energy consumption on national
economy and in addition the environmental impacts i.e. global warming crisis, the Thai
government by Ministry of Energy continuously promotes national energy plans which focus
on various definitions and implementation strategies. Recently, five national energy plans are
integrated and harmonized with time frame of the National Economic and Social
Development plan as the Long term 20 years (2015-2036) national plans, called the Thai
Integrated Energy Blueprint (TIEB, EPPO, 2016). The TIEB is composed of three existing plans
— Power Development Plan (PDP, EPPO, 2015), Energy Efficiency Plan (EEP, DEDE, 2015) and
Alternative Energy Development Plan (AEDP, DEDE, 2015) and two new plans - Oil plan
(DOEB, 2015) and Gas Plan (DMF, 2015).

2. AEDP2015 and Transport Sector

Considering on the AEDP (DEDE), this national plan focuses on suppressing
traditional imported/non-environmental friendly fuels by promoting
sustainable/domestic/cultivable energies. In four revisions of this plan (endorsed in 2009,
2011, 2013 and 2015), the AEDP target has been being increased from 20.3% to 30.0% of
total energy consumption. In details, the AEDP target is leveling up with tighten supply and
demand balance, in addition with withdrawing Natural Gas (NG) which was considered as
another fossil fuel. AEDP categorizes the consumed energies as three end-used forms, e.g.
electricity, thermal and fuel. In the fuel category, the considered alternative fuels include
biofuels (biodiesel and bioethanol), Pyrolysis oil, Compressed Bio-gas (CBG) and other
alternative fuels (e.g. Bio-oil, Hydrogen), those are mainly for supplying transport sector.
Compared to other fuels, the biofuels which compose bioethanol for gasoline suppression
and biodiesel for diesel suppression are the most promising fuels, according to their

available resource, production technology readiness and reliable fuel properties for utilizing
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in automotive engine. The biodiesel has higher potentials on suppressing petroleum fuel
according to fuel market share of Thai transport sector which depends more on diesel fuel

than gasoline fuel. Therefore, this work focuses on biodiesel studying.

3. Biodiesel
However, the current biodiesel, the Fatty Acid Methyl Ester (FAME), has its
limitation on maximum blended fraction which mainly correlates to chemical reactive ability
(affect engine components) and cold filter plugging property. It is found that the mono-

unsaturated FAME is the most favorite compound as shown in Table 1.

Table 1: Unfavorable properties of fatty acid methyl ester in various molecular structure

Oxidation Peroxide Cold flow Solvency
stability formation property effect
eq., C18:n FAME molecule pOl’;:Z;O;ZS"zD’dge Elastomer Filter plugging | Cleaning effect
formation damage
OCH;
= N\=N= ®6 A6 ©OO ©
OCH,
OCH,
/\/\/\/\=/\/\/\/Y © © © ©
OCH,
\/\/\/\/\/\/\/\/Y © 0O © O ® ©

Source: Yoshimura, 2015

The mono-unsaturated FAME can be produced from partial hydrogenation
process so it is technically called the Partially-Hydrogenated FAME (H-FAME). The H-FAME is
a proven technology to upgrade biodiesel fuel which can be adapted in current biodiesel
factory in Thailand. Another well-known technology but more expansive is the Bio-
Hydrogenated Diesel (BHD) which requires more extreme condition in fuel production
process. The chemical product of BHD is purely non-oxygenated fuel, similar to conventional
diesel fuel.

The FAME biodiesel factory has been being developed in Thailand and already
shown provable benefit on employment creation (Silalertruksa et al., 2012), beyond its
regular advantage, such as suppressing petroleum diesel and reducing Greenhouse Gas
emissions. The biodiesel supply also depends on other issues such as limit of feedstock
supply, capacity of available of biodiesel factory etc. The development of biodiesel
blended fraction is shown in Picture 2(a) and the target of biodiesel consumption is shown in

Picture 2(b). The target of biodiesel consumption includes all consumed sectors, e.g.
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transportation, industrial and agricultural). The target of biodiesel consumption is balance

with supply side of biodiesel as shown in Table 2.
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Picture 2: History and target of biodiesel consumption in Thailand

Source: DEDE
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Noted: diesel consumed sectors include transportation, industrial and agricultural

Table 2: Palm potential for biodiesel production 2015-2036 (DEDE)

5 Mudy
14 wmi/day
25%

Palm oil potential 2015 2017 2019 2026 2036
Target of palm planting area (million rai) 4.50 5.00 5.50 7.50 10.20
Palm feedstock (million ton/year) 14.34 15.40 16.66 21.40 29.46
Crude palm oil (million ton/year) 2.58 2.93 3.17 4.28 5.89
Remained crude palm oil (million ton/year) 1.56 1.85 2.03 2.93 4.24
Maximum production of biodiesel (million L/d) 5.60 6.50 7.10 10.00 14.00

4. Interdependence Model of Private Vehicle Ownership (Vehicle Switching)

In our previous work (Saisirirat, 2015; Saisirirat, 2012), the demand side (road

transport sector) is focused and it is found that the number of private vehicle is not solitary

but interdependence with other private vehicles and depends on various regional economic

products. For example, if economic situation of vehicle owners improve with national

economic wealthy, the owners of motorcycle or pickup truck will change to own passenger
car for their prestige, comfort and safety as shown in Picture 3. In addition, the economic

activities in metropolitan and provincial area are growing with different rate. Therefore, the

socio-economic activity are taken into account, separately for metropolitan and provincial

area in the developed vehicle ownership model. Therefore, the sensitivity of considered

energy measure can be analyzed according to different level of vehicle number projection.
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Picture 3: Definition of interdependence model for private vehicle ownership

Source: Saisirirat, 2015

Objectives

As mentioned above, the biodiesel consumption may not be increased because of
limitation of current biodiesel production (FAME). In addition, biodiesel supported measures
also depends on other issues such as limit of feed stock supply, capacity of available
biodiesel factory. So, the H-FAME should be chosen in a considering that current biodiesel
factories are able to upgrade their production process so other benefits are reserved, such
as job creation in supply chain.

Therefore, the objective of this work is to study on demand side of biodiesel fuel.
The projection of H-FAME consumption will be determined as the alternative solution to
increase biodiesel blended fraction, beyond the limit of current FAME biodiesel. The
sensitivity of H-FAME consumption will be analyzed with uncertainty of vehicle number
projection. Finally, advantages of applying H-FAME biodiesel will be analyzed and also the

key issues will be discussed.

Methodology
1. Energy Demand Calculation
To analyze the impacts of biodiesel measure, the commercial software, Long-
range Energy Alternative Planning system (LEAP), is used to calculate the projection of
energy demand in Thai road transport with bottom-up approach, similar to the previous
works (i.e. Saisirirat, 2015; Saisirirat; Chollacoop, 2013). The road transport model of energy

demand (ED) is constructed based on basic equation as shown in equation (1):

ED;j = NV X VKT X FE (1)

where ED;; is Energy Demand for considered branch, i.e. fuel type i and vehicle j,
NV, Number of Vehicle (unit), VKT, Vehicle Kilometer of Travelled (km/year) and FE is fuel
economy (liter/km). The result of total energy demand is integrated from lowest considered

sub-segment, so the potentials of important segment can be identified. In this study, the
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projection of road transport energy consumption will be projected from the present to 2036,
the end of TIEB. The economic products and populations for gross domestic, metropolitan
and provincial regions are referred as socio-economic variables in the vehicle ownership
models. As in previous work, the historical value and future trends are collected from the
Office of National Economic and Social Development Board (NESDB, 2014).

2. Impacts of EEP2015 and Ownership Interdependence

Considering on EEP2015, the other national energy plan in TIEB which focuses on
improving energy efficiency in various sectors including transportation, it is predicted that
transport energy consumption can be decreased with diverse energy measures. Several
important EEP2015 measure are included in this study, e.g. new CO, tax scheme for new car,
improvement of rail transport infrastructure for public passenger transport and freight. In
addition, with taken into account on interdependence of private vehicle ownership, the
projection of transport energy demand in this study is lower. The projections of energy
demand in road transport are compared for baseline scenario, EEP2015 scenario and
interdependence model of private vehicle as shown in Picture 4. Note that the EEP2015
measures will be implement in different time frame, e.g. the CO, tax scheme is endorse
around the end of 2015, and the rail transport infrastructure will be ready after 2017. In
details, the impacts of each energy measure are defined in mathematic function (i.e. S-Curve

function) with time duration such as ten years.

50,000 Road transport

40,000

30,000
20,000
10,000

2015 2018 2021 2024 2027 2030 2033 2036

[Thousand tce]

B Current trend M EEP potential B VO interdependence

Picture 4: Projection of road transport energy consumption

3. Biodiesel Development Scenario
Considering on biodiesel strategy for demand side to achieve AEDP2015 goal
(DEDE), biodiesel consumption will be increased with increasing of biodiesel blended fraction
by initially proposed high blended biodiesel as optional fuel and later changing to biodiesel
mandate. According to biodiesel supply, the targets of total biodiesel consumption are set
at 5 and 14 ML/day in 2026 and 2036, as respectively. Tentatively, the time frame of high
blended biodiesel B10 and B20 are proposed in AEDP2015 (DEDE) as shown in Picture 5. The
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related policies for biodiesel B10 has been included. The biodiesel B10 will be sold as
optional fuel in 2018, then in 2026 biodiesel B10 mandate will be endorsed. The plan also
mentions that biodiesel B20 will be sold as optional fuel after mandate B10. Moreover,
specific high blended biodiesel project will be supported for passenger route or freight
transport. The target is set that biodiesel consumption can achieve an equivalent level as
applying biodiesel B20 in 2036.

S o Related Polices
‘g @ Phaso? Thaland excise tax scheme for B10 diesel eco-car
Excize tay rats at 12% starting fram 1* Jan 2016
;_‘f:;. @ Completion of double-track railway Infrastruoture
Option .

810 b 20
26 3T 16 18 20 2 2 23 M 2 226 7 E ¥ N I R B M3 0
i B0 Promotian 820 Promotion

‘wavancad| In tems ot both -
« Develop figher bindiessl i 7 percentage

+ Pramate B10 82 8n eational altematrve fuel
o mramne S 2o PR

. iigh {Ther s daremsagge Dl Cutematl

= Mandate 810 2028 = Exge Ton incentives forvehicies that use hgh % bictue!

Picture 5: Time frame of high blended biodiesel and related policies
Source: DEDE

The biodiesel development scenario is constructed according to policy
mentioned in AEDP2015. In addition, some necessary assumptions will be added to fulfil
unclarified measure. The biodiesel blended fraction will be increased from 7% in 2016,
referred to the limit of FAME blended fraction. Then the target of biodiesel B10 is assumed
as the blended of 7% FAME, 3% H-FAME and remainder petroleum diesel 90%, mandate in
2026. After that, all the results of biodiesel measure, e.g. optional biodiesel B20 fuel in retail
station, high blended biodiesel project for supporting passenger route or freight transport
will be assumed as mandate high-blended biodiesel B20 in 2036. The assumption of

biodiesel blended fraction is assumed as shown in Picture 6.
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60%

40%

N D D DS
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Picture 6: Assumption of biodiesel blended fraction in commercial diesel fuel
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4. Projections of Private Vehicle Number

As mentioned in section 1.4, the projections of private vehicle numbers are
interdependence with other private vehicles (noted B). Moreover, the vehicle numbers
depend on saturation level which relates on vehicle number and level of considered socio-
economic parameters (noted A). In this work, the economic products and population are
separated into two regions, e.g. metropolitan and provincial. Therefore, the comparison of
private vehicle numbers which indicates sensitivity of considered measures are shown in
Picture 7. Then baseline scenario refers to the projection with previous model of private
vehicle ownership without taken into account on regional economic difference and private
vehicle interdependence. In addition, the projection of other vehicle, e.g. truck, bus, taxi, 3-

wheeler etc., are shown in Picture 7 (d).
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Picture 7: Comparisons of private vehicle numbers and numbers of other vehicles

4. Results and Discussion

By blending H-FAME beyond maximum limit of traditional FAME, the H-FAME
consumption will increase according to target of AEDP, mandate B10 in 2026 and equivalent
to biodiesel B20 in 2036 as shown in Picture 8. The results show that the road transport
sector can help increase biodiesel consumption to achieve 3.87 and 10.89 ML/d from the
target of 5.0 and 14.0 ML/d in 2026 and 2036, as respectively.

G 125



v
o

ndsvgaArn1sseAus Aty gyadast asei 7

o

2 {guieu 2560 aantunsdanatioyonadme

Scenario: High blended H-FAME biodiesel
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Picture 8: Potentials of biodiesel B20 with H-FAME (7.0-FAME and 13.0-H-FAME)

This biodiesel consumption from demand side must be balanced with biodiesel
supply as shown above in Picture 2 and Table 2. In the assumption that the projection
of vehicle number maybe deviated with economic situation which is a sensitive
variable as shown in Picture 7. As above mentioned, if global economic situation
improves, the economic wealthy of vehicle owner will be better. It is possible that the
vehicle owner of motorcycle or small pickup truck will change to own passenger car
which is more luxurious and reliable. In addition, the economic activity in metropolitan
and provincial are developing with different rate. The sensitivity of FAME and H-FAME

consumption on deviation of vehicle number are shown in Picture 9 and

Table 3.

Sensitivity of biodiesel consumpt|on
B FAME >

(B) Private vehicle
10 B H-FAME interdependence (+A) 3.26
8 (A) Separ?ted regional 261
economic products
Baseline model 1.95
4 130
0 0.00

2015 2018 2021 2024 2027 2030 2033 2036

[ML/day]
[+)]
[Thousand ktoe]

Picture 9: Variation of biodiesel consumption on development of private vehicle numbers
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Table 3: Variation of biodiesel consumption on development of private vehicle numbers

[unit: ML/day] 2016 2026 2036
Consumption ~ Compare to  Consumption ~ Compare to  Consumption ~ Compare to
baseline baseline baseline
Baseline model FAME 291 = 2.71 = 3.81
H-FAME 1.16 7.08
___
(A) NV model: separated FAME 291 2.65 <0.06 3.55 <0.27
regional economic H-FAME 1.14 <0.02 6.59 <0.49
products —
(B) NV model: Private FAME 2.90 <0.01 243 <0.28 2.80 <1.02
vehicle interdependence H-FAME 1.04 <0.12 5.19 <1.89

with including (4

The results show that the projection of total biodiesel consumption which includes
traditional FAME and advanced H-FAME can be decreased if there is some deviation in an
important variable from its probable trend. The maximum potentials of biodiesel
consumption in road transport can be decreased from 10.90 to 7.99 ML/day (or 2.91 ML/day
supplied capacity will be over the demand side). In fact, the averaged and maximum
capacities of current biodiesel factory are 0.54 and 1.40 ML/day, as respectively (DOEB,
2016). Therefore, it is possible that biodiesel sensitivity can achieve production capacity of 2-
5 biodiesel factories. However, increasing biodiesel fraction with H-FAME will result on
advanced benefits e.g. reductions of imported fossil fuel and greenhouse gas emissions as
shown in Picture 10.

Considering benefit in Picture 10(a), the results show that increasing biodiesel from
current fraction to B10 and B20 (equivalent) in 2026 and 2036, respectively, will not
decrease total energy demand. This result reflects a fact of biodiesel fuel consumption
which is assumed equivalent to diesel fuel. However, total energy demand will decrease in a
case that projection of vehicle number changes, especially for vehicle model of small
pickup truck. Otherwise, fossil fuel demand and greenhouse gas emissions will be decreased
if biodiesel fraction increases, in the baseline scenario. Moreover, with private vehicle
switching or decreasing with regional economic difference, the fossil fuel demand and

greenhouse gas emissions will be decreased as shown in Picture 10(b) and (c).
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(c)
Picture 10: Benefits of increasing biodiesel fraction (FAME and H-FAME)
(a) Reduction of total energy demand
(b) Reduction of fossil fuel demand

and (c) Reduction of greenhouse gas emissions

Conclusion

The potentials of advance biodiesel H-FAME has been investigated in this work, if it is
blended in retailed diesel fuel beyond a limit of traditional FAME biodiesel B7. The advance
biodiesel H-FAME can help increasing biodiesel consumption achieved AEDP target, for
demand side. The impacts on replacing fossil fuel has been calculated, also the greenhouse
gas reduction has been projected. Moreover, it is found that biodiesel consumption can
deviate from a reference trend, according to variation of vehicle number projection. The
results show that biodiesel consumption also depends on economic situation, similar to
other alternative energy.

Furthermore, the advance H-FAME biodiesel propose better price competitiveness
comparing to another promising BHD biodiesel, considering on sufficient fuel quality for using
as automotive fuel but lower additional cost during fuel production process. This can solve
major issue to increase biodiesel blended fraction and suppressing cheap non-environmental
friendly fossil fuel. In addition, the current FAME biodiesel plant can be upgraded to
produce H-FAME, therefore, the current supply side of biodiesel have more opportunity for

adapting to high blended biodiesel in the future.
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This part is not for printing with main draft manuscript.
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ABSTRACT

Comparison of bricks produced from industrial waste as coal ash of kraft paper
manufacturing and bagasse ash from sugar manufacturing was analyzed on its physical
properties. Procedure was taken by thoroughly mixed ash with commonly binder as lime
and cement, the ratio of ash: binder for all of brick types was equals 60:40 by mass. Molded
the material by PVC tube to be specimens size of brick, having diameter of 5.5 cm and
height of 2.5 cm and dried at ambient conditions. It was found the bricks color tone were
white and gray. Density of the limed-base brick was observed less than the cement-based
brick which referred from the water absorption value inversely. Referred to the shatter index,
all of brick types could be used practically. However, compared from the wet-dry

accelerated cycles for 2 months, the results indicated that brick made from coal ash
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combined with cement was mostly suitable to be used, due to its lowest mass loss which
equaled to 3.44%. Likewise, the color changing and physical damaging were detected rarely.

Keywords: Brick, Bagasse ash, Coal ash
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WEBOMETRICS.INFO IMPROVING THE SITE OF PIBULSONGKRAM RAJABHAT
UNIVERSITY TO RANK BETTER IN WEBOMETRICS.INFO WEBSITE.
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ABSTRACT

The purpose of this study is to improve the site Pibulsongkram Rajabhat University with
the techniques. In order to enhance the 4 criteria with aspects of Webometrics is Presence,
Impact, Openness and Excellent. To make the website ranking of universities rank better. By
using software called WordPress Management control of content to all parts of the site. To
increase the quantity of content, the article documents PDF, and electronic media to the Web
site under the name of the Web site psru.ac.th.

The results of the research found that improving the website with both SEO techniques
increase the amount of articles. And electronic document files. And bug fixes, including the
following guidelines that are likely to make 10 of Webometrics Rank of 4 sides of the
Webometrics ranking has improved. And the ranking results from the university website website
webometrics.info found. The website of Pibulsongkram Rajabhat University under the name of
psru.ac.th website ranked better from 10th to 4th from Rajabhat Universities nationwide and
from 51st to 41th from university websites in Thailand and from 4992th place. Changed to 4380
from university sites around the world [5]. Therefore, ensure that improve the site according to
the guidelines and the SEO tend to rank better in the future.

Keywords: webometrics, SEO, Pibulsongkram Rajabhat University, electronic document

umin

Tutagumsiamudvledlinduniinuaseglunszuaieeseumlud wusomimunivled
Triseasufummiaureadsueudu (Search Engine) vielusunsuiivaslunisiudu sndeyarums
Sumesidn ieliusnsansaumaveadulod Junidnegsunsvaneuazannsouanaanisfumisly
drdusu 9 Tunanisium gidedaiumedaiamivled fenszuiunsiiFenin Search  Engine
Optimization (SEO) smuudssuasianniulefuninedosuinfiyaasasu Welvdsudufintuan
nmsdnsusuiuleduminedeveaiulesd webometrics.info

1. Search Engine Optimization (SEO) [7]

Search Engine Optimization (SEO) {un1susuusaiuladeamaiinigg wu nslde
ddnivnzaniuiuled mudledounnsesveaiuled ietaeliiuladegludiusiug Tunans
Fumuaadsuouiu warlunuideliidoasveSonnszuiumsiidug 41 SEO

2. Webometrics [8]

Webometrics %38 v3ulad webometrics.info iTewfinin Webometrics Ranking of
World Universities 1fusiuladfessainaiuu davinlag Cybermetrics Lab 1dunguidoaniuviana
& ngaesa Usemaay wazdu 1 lu 8 Adrinnuannssunisgaudnu Tinnsseusuindy
03AnI8Be8 TnRnun et ANede 39 Webometrics Aoviulssfidnsusdulivlasfumine1dein
Tan fiinanuannsolumandauanumalsnnms Sunusinaidomimeunsoguudumosiin 1
Tagdusrnuntindumavesduled §1uU Document File, PDF File wagdainainuaiunsalunig
Hunmine dedidnnsefind (e-university) sudensiasivaudsdaniuledneuendiviinisaed
wdaduledt warRanssudu 4 sumsdumedidnveaiuledumnine ds Tns Webometrics 1y gn
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asundingUszasdiiodnsuduivledunninendeinlanilinsweunsnanuidudidnnsedngd
wallladingUszasAnazdnduiununmaataaiunsinwiwiagidla

MUsZAIATIINITINY

mAfeddunsinunisuudsaivladdemedag ileliaensuiuinaseiv 4 duves
Webometrics i@ Presence, Impact, Openness waz Excellent ielisususivledvasuminende
smgRyaassmiisuduiiaty neldiuled@iifodn www.psru.ac.th

ABAnliun1sIdeg

1. AnwrAuadindoya

1.1 Webometrics
HANTINTUAULNINESE T YaaeRs P nsng1au U w.a. 2559

cankin World Universi Det Presence Impact Openness Excellence
9 Rank TONersay = Rank® Rank* Rank” Rank®
5 4992 Pibulsongkram Rajabhat University 2653 3005 4121 R824

JUN 1 : ;3 9susuivled psru.ac.th Weu nsngiau U w.e. 2559

3
a1+ http://www.webometrics.info/en/Asia/Thailand oy Jufl 5 AaAu 2559

93U 1 Wuleiuminendessdgiiyaasasugnineglususui 51 91n
unTinends 180 wishulsimalne wazeglusuiu 10 MnuvAinendesedginussme uasdususu
4992 911 11995 unAnerdeiilan lnedl Presence Rank agjﬁé’uﬁu 2653, Impact Rank agjﬁé’uﬁu
3005, Openness Rank @Qﬁﬁuﬁu 4121 wag Excellence Rank ae\jﬁé’uﬁu 5824 [5]

31NN15ANYITBYA Webometric  #ui1 Webometrics  flinauainsdnsusiulul
2016 Tngd138331n webometrics.info fiusznaulude [6]

1. VISIBILITY %38 IMPACT Annzuuu 50% Humsldaiadssyninsdusunsy
Majestic waw Ahrefs Sadugliuinsdeyanindoslosmesdsiifulasiomun

2. PRESENCE Anagiuu 10% fanisindiviundiiumavesuining deniels
Ty saudslng pdf files (3nA2e Google Search Engine)

3. OPENNESS  AnAzluu 10% Aonstuazuuuainunaamisininisiiinng
£199491n Google Scholar Citations (1028 Google Search Engine)

4. EXCELLENCE Anagiuu 30% lagldontan Scimago 10% U93147UUNAINM
M AmNsAlEFUNIS cited  videlonansivinsfigninluadanniign Tuszeziian 5 U dounds
\Henu131nT 2010-2014

111 uuIneiid (Best Practices) luniseanuuuiivledlildunasguuva
31N Webometrics.info [9]

1. URL Naming Vulesussnuziazniigumig 9 ﬁagﬂuwﬁmmé’a

msagneld domain WgIY WU test.psru.ac.th
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2. Contents: Create NM3a319g1UTayaTIN Y 813158 UNITY UARINS
wazinAnwnnaulidusinlunisaistoya lnenadew vsefinimewnstoyaumiuled

3. Contents: Convert M3davienansasiisst amane viodoyang 9
v inerde lrieglusluvudidnnsednd uazdnvindudvledifewouns szidunistieiy
Vinandemveaules

4. Interlinking Buladmslisunmadeulesdsdannieuan (Backlink),
nsWenlesdadseninamenumeluiminetds (ntemal Link) war nsideslevdsioanluens
Aeuen (External Link) agadusssuenf

5. Language, especially English easlénuwdangqudaduntwanna
Rwthiusasienansivnis viie esandu 2 mw tanwlng warnwSinge

6. Rich and media files mIsweunstoyaiuledliludionans
didnnsefindluguuuu pdf, .doc, .ppt warAITYidoyaUszny media files wu tnd3ale des
ANAERTNDA AINNTINAN 18

7. Search engine friendly designs panuuuiIuledliazain gﬂéfaﬂ
ANUNAN LATII8ABNITAUNITIBY Google Search Engine mIsHandean1sly Flash

8. Popularity and statistics m5HN15ATI@BURALIATIETADANITLU
T Suledlngldia3asile Goosle Analytics

9. Archiving and persistence msiinisdaLivdayanigluivlsded
Duszuu anunsasengdeundls ligayme

10. Standards for enriching sites mséﬂy’a%a title 4139 meta tags aiu
wanut s gay wazdenunie ey Visibility uwasiiieliiedenisididwes Google
Search Engine

1.2 Search Engine Optimization (SEO) [7]

\flosan Webometrics ﬁmmeﬁmsé’mé’uﬁuﬁﬁ%’agamﬂ Google Search Engine
waznsasaiuleniinduansoedendnnig SEO  vazdenndasiunszuiunsdasusuves
Webometrics  #3ds3adnfudosdnudoyaludiniisne uas mah SEO dutszneuludsansdiu
ndne fin Jadunelu (SEO On-Page) waz Yadaneusn (SEQ Off-Page)

1.2.1 Uadennelu (SEO On-Page)

N3NV SEO On-Page Ae msufuwsiaivlesvieiiuima luyndrui
anunsanuauls lidnenduiideveaiu (Tite  Tag), MTUBNTETLBUALE oM TBILSU (Meta
Description), msld Tag lifufaseswenilem (Header Tag), msldfdndiay (keyword), nsldaerlsr
Feuledlufintdu 9 nmeludureas (ntemal Linking), Talassadnadulas (Site Structure) wazduy
Fisazanunsausuunaiuledilsies

1.2.2 Uassaeuan (SEO Off-Page)

n3EUINTYN SEO Off-Page Ao msusuussguuuuvaaiuledlidunian
e nsvhdsdidenlestuiuleddug (External Backlink) way Asdanniivladnaneueniidainduan
Aulasiian Backlink) yauszasdiiioftagyinliiulasvsasdufindusilu Search Engine
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1.3 Majestic waz Ahrefs

Majestic (@1u15aL018laa7n https://majestic.com/) wag Ahrefs (@11150197819
16910 https://ahrefs.com/) Wuasasdlodmivinmzsiivled Jinsesideyaaifogiaazaniiii
TWluiSoswes SEO Off-Page Fuluedesdiodmsunsldnmaasunisdoulesvasdein q aely
Suledisn waziivlednisueniviinisdsdundaiuleduenst fadunddlunaginisdndusui
Webometrics thunlglunisliaziuuu 50%

1.4 Google Scholar [1]

Julusunsuiildlunsdumanudsumannismeg awnsodumluawivuay
wastayanie lugadien unaainetidnus wilide undnge wazunAuINdIniLinITIvINIg
WINIATN FAUIIUNAUNNINEIEE UAZBIFNIAIUNITANBIBUY 21NATTAIUINATULUTDT
Webometrics  Tuduiianidy 30% Inegnsdaainmsiusiuiunamseumasi@duinain Google
Scholar fifidudenlesiu psru.ac.th

1.5 Google Analytics [3]

Hulusunsuvadmiferiugidrwaivled woAnssuvesruiidiidenvuivled
vt iidusieadmidedn Inglvnesudealsmnnine lihesdudwuiidunvudvlesd domns
Tunsidandaiulad %aagaﬁmﬁ’umwmﬁamahm meluduled uazduq

1.6 Wordpress [4]

271 Best Practices 184 Webometrics tunugiilinneuiidiusaalunsiweuns

Jegavuiuledumineas wasdintiniu 2 nwn Answeuns Rich and Media files wazanunse

Y
a v

Sengleyanwewnsuuivleidaunadld waslinnsiudeyasgraluszuuseleu wazivledazdog
gneieenumndn SEO  Fadedaldidenlusunsudnsaguniyedn Wordpress uiieadiauazdnnis

Y
17

Weniange
a o Aavy v Y] & a s
Wordpress  fialusunsudnsaguniliasiaazdanisilonivudumesidn
(Contents Management System %38 CMS) @zainsonisiteu lddeasuasraivledann o 1
o & Y a o s = | Y Y a v A a CN=1 v
Jududeadiauinidusunsuues megssuuiinnegieliliug Smhnfiswdldidonidnluly
J2UU iz Wordpress .y CMS Afiauldauunniiaatulan unfs 59%
o a [ < (3
2. aliumsdsulsaiuled
2.1 msandunsaudu
Usgguausumiigausiieg argluaniinetde wielvdauiaiudile wag
W sauIuledlinsanu Best Practices 999 Webometrics \usunisduieniu
Tndeauange audunisde Broken Link @endildanunsadnla) aniiuled
http://www.deadlinkchecker.com/ Wag  http://www.brokenlinkcheck.com/  #asa1nuuli
sudunsunledsdfldanunsadnlalneitnis redirect nduludamtusnveaivled v3e vinnisau
Text Link Tuntiiumaiiug oen
insAafalusunsy Wordpress wazusunasivladlaonisviimumnan SEO On-
v 1 [ 4 v [ a & . I3 s A [ CV =3 aa
Page lvinuhsaulandouldau uaziiinisings Google Analytics asluiuledineiududinada
Toyarne 9 veaduleduninendy
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2.2 msandunsanuvaninae Webometrics
MUATe Weometrics  Auuamensiauivlsdaundninaiveauls
Webometrics negjatiululudiunes VISIBILITY, PRESENCE waz OPENNESS tduman Feflswaziten
il
2.2.1 VISIBILITY
ﬁ%ﬁumﬂﬁnﬂm'gmmwmmua%ﬁuﬁamwmmLLasﬁwmimeLwiw
Aulaflagldlusunsy Wordpress Tumsdnnis Tnsunannuduasdondulssloviunge uaglld
unaufidnaenuianiulendu 4 nieusulnanunaiiuatu POF  wuuludae wasviinisues
unaEAng 4 adlu Social Network #119 9 1y Facebook, Google+ wielinnsidenlesdaian
Aeusntunduivleruninends (Backlink)
2.2.2 PRESENCE
nnsanilunisiude 221 Fehldiswiundnivinaveaivled
uinendefinsiiutuinsmnunaeives PRESENCE  Aidasnisiasiuaundiuimaveaiuled
uninedelaesnludia uazdldddunsiimhenuantduidoasiesaynliigudeyaiieai
AT wewnsuwiuleduninedeifiedinsuiulng POF  luswives Google Search
Engine wenaniudadalasariiuiiniusunmianssy wasdavmdsineg ieifinsaumdiume
Rich and media files ®14 Best Practices 9839 Webometrics
2.2.3 OPENNESS
nmsandunisiude 2.2.2 luniswewnslvla POF 3dglavinislesdn
U Google Scholar el Google Bot Igdhunhudayald POF wanBldavhdlinnsium uas
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UNANED

Tudaguiiszuugendinannnaneiiosdnsssiaanififieatiuayunszuiunisnisnauny
NINYINTVBIBIANTIAETIN (Enterprise resource planning system, ERP) i1 ERP aggniirsnld
upguNI v luYRAUTTHILL Kan1SEITIINUTIBIRNITIM&NsE U ERP Semsusvauam
Tunanedu seussiuiiestestumalulad, Jguiissdestunsuimsiasanis, wavlym
Aedostuinusssuesdnsdug Fedmaliussvlianansainsszuy ERP Imuunuviolianunseld
suszuuldogasuziuuy sideiiingussasdiiiofinszmtiatefiinaneaudisavosnisi
spuU ERP wldluesdng laswuSeuiieunsdfnuluuisn SMEs aesuddn lnefiusvusnlasu
Usglowdegnadugusssuanldom R, luvazfidnuismuszaunnuiadailiisliaansana
szuv ERP Tédisa deyalumsidelsnanmsdunwaiddnfudifsrdedlaenseiussuu ERP wa
NIRRT uATLL A At UsE N1 svesERnsaiinu ey MsuSnsiasanis n1siigiing
WasuuUas msasiin wagnsidenseuy ERP Sadieinazifuanmguestadwsiisneiy

fddny: dadeiidsmarennudniavesnisiissuunsneununineins aldlueadng

ABSTRACT

Nowadays there are varieties of software systems designed to support the enterprise
resource planning (ERP) process in organizations. The adoption of ERP software has been in
mainstream and even become unavoidable in the last decade. Existing research surveys,
however, revealed a number of difficulties presented in the process of ERP implementation.
Those issues include, for instance, technology related issues, project management problems,
process reengineering and other cultural unmatched. Unexpected consequences are,
therefore, foreseeable. This research has been conducted to investigate important factors
influencing the success of ERP implementation. We followed the tradition of qualitative
exploratory case study to compare two industrial cases; the first case adopted ERP and
achieved satisfactory outcomes, while the other continued to strugsle with several

challenges. The data were mainly collected during sessions of in-depth interviews with key
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informants working in management, managerial, and operational levels. The analysis suggests
several factors, such as project management, project champion, teamwork, and ERP
selection, which lead to different outcomes in the two cases.

Keywords: Enterprise Resource Planning system, ERP, Critical Success Factor

umin

1usdaqwa18?1uﬂm§iwmwLLmuw%’wmﬂimqqiﬁa} (Enterprise Resource Planning system)
foiduntanssutuddnFunilweansdiiiugsivesesdng ilufiseuiufuiininiissuy ERP an
Tannsaneliisslovivainvats mnesunnsTsanUSinuauAAIRSs, ansoUnaInsSHaR, an
Funy, warUsuusimsuiiRaludumsianslsgunuliiussaniamdedu 1, 2] Usslewinig
gatafenariAntuilesan ssuu ERP Idsun1seenuuuliysannistoyaansaumelu roufimes
Fommasosinslidndedu fufuudasmisnuia anunsadhdsfoyafideuretuiniatneldosn
70157, Teyafinnugnsiesiunia, waz uBNINE S¥U ERP ger8UTunsEUIUN13§INa (business
processes) TuasAnslyf lusasgiu Weau andnvasmaifehg advayunsius msdeans
warmevhausiuiulussdnslifsedu

wiognslsfinunisiiseuu ERP wldffidamuasannudediisuiuiomunuiazdnnig
oghe¥anuusussan (4] ifesanmsthssuy ERP wnldlussdnsiufianugeenndudon uns
amumsnumaluladasaumaiifianlddiegs dosdinmsuiulgsszuuanuliaenndostazimanzay
vesusavernsiiarldszuuiiug yaanslussnsidumuysdfgidoslllfiiinasomnudisanie
&uan minfiypannsilivnzauvdorianisnaunndia feravilidumadld venainil Fesfisis
Hade Fu walulad dumeia Mssukunagns MaUBsuuUasamuss suesdng uenaniunas
vikludsddniroguimsdedinsatuayunas fnassAiinnuidsivaganiandy nmsldaussu
erP ludladlnetagtull vendor #lé¥umsussisninu3sy software ERP vangu3wv Fsasdns
annsoduduldanuvasdeyaldnmnimnzauiiosdnsdesns

wenaniinsthszuy ERP anldauluuiunenaiu Afesnismsudmsdanisfiunziuuiun
wazTaussasesdnstug (1-4] wislulssiuddndeuimsosdnauasduimslasans ERP aasil
anudilaneususndunislasinisiae mnudlawasiiuanudenlowesdadesieg Gainade
audnsavadlasinisislussesdunarsvorenn uideduiifnguszasdiiodmanazuans
ningudsdlmiuismmdeulowesiatefifnadenudiiavesnisnessuy ERP Tuasdnsgsia
gunnanuazvungenlulszmelng motuveansidenfe

1. Yadeunanlatnedidnswasemnudnsavesns implement wayldarussuu ERP,

2. p9AnsiivszauAud IS aLaresrnsiidumaslunig implement wagldanu ERP dfiunis
vimsdnnstadefifavenamanduosiils

nunuIssanssuieatutlasefitinadennudnsaves ERP
flanAseluinsssmasiuuanitinseidadeingadeninuduia (Critical  Success

Factors, CSF) #as¥UU ERP %QIUL%QQEUQ’IWLLE%NWU'EJ{]JB [1, 2, 3] {Jﬁaméﬁﬁ?uﬁqmaasmlﬂﬁaagj

USUN SME veaUsewmdlnglilasunisAnwininin 91uideves Al-Fawaz el al, Tud 2551 [1] la
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NUNIUITTUNTIUTLAGIT0IAU CSFs Fafunly information system database Tutn wazdneuun

[
=1

Uademan (CSFs) Ninaogrannsioaud st
nsaduayuaINgUINITIEAUGY  AuTusIzAeliniuinagieairsvitaiudilaia
ANNENNTONAETRINIRYRITEUY ERP Maziunly Heansnagnsvetasansiiiuninanunmuale

inla wazfiaugaiufioziszuy ERP wnldlviszaunadnse sufsdimsadvayusiusulssana

e

fissliuardinishanuaruiunilasimssgaseiies

Saeiam1egsia  eadnssesiunugsiauasidedieiidaauioduuimadilasinis
szuuwagldau ERP Tuusiazszezanduldliegialugusssn sxdadimsimuadmne vauwn
syazaa funu veaumslulasimstissuy ERP wild sanfeiBnnsmiululd Wieliussq
Whvanediasld amsfiriinseluisanuansinizasuazyszansan Tasfisatiufeiiamail yves
Tasenns fuimslasmssdudesdeasiudievunasdifoademan Timndhedemuaanisogg
AUVIAEUNA

n15Usuln59a§19n52U21NT5 Business process reengineering (BPR) tunssuiunisandey
fiFoamumuluszozusnyesnsneszuy ERP Aoazdesiinisufudsuguuuulassaiisnisvihaly
wanzaufuszuumaluladlndfieziiunld iedrsandunoulunsusuussssuy uazacddad
suatoidu funuamunnuiniswazanmiiitauaniuunumdidylutausnvesiunaunis
fuiiulasens Jeunliiezdmaliinnseeniunazduiluniniiszuy ERP inldaluesdns

n7'51/?1475Tﬁ5\m7ﬁztaspj'zf7n7m/§'fjum/a\1 (project champion) n5in ERP a4
spuutuduinssuiidudou fufussdnsmstinagnsnmsuimslasnisiifssavsnmlunsaiuny
nIzUIUMSIANITRIuALIN Buveansth szuu ERP ianldaudssaunaduie wiadueslasenis
Funildluthdoddygegauedasing funuvedlasinsdoadufifunuimgeaniiazdesinim
dlafsnsdsuutasinadumaluladnasnauuunnisssianasfeane o uiudsunlas
TausssuvesesRnsssuudnliiAnniseausulun1sin ERP wanld

sy nsdnassyrainslufiunulfiRnuiivnzamiuy msfesdanudanuaiu
Fevgonsiuneie  meluladuasdladsruunurensiivetesdniuazaudiomnisues
0eAns sududsddnuisnnudiia dslasants ERP ﬁ?uﬁdaw,ﬁ'm%aaﬁULquﬂUQﬁ’amuﬁgwmsuaq
psAnsnaonuglszuy ERP Uanemefiimsutsthudoyasevinsgildssuud foausdu 3o
anuddgionudifauardoddailindadedu uenandfiunuaisharudueefuilsidu
uanandusiitelimsuismnudesnslunsuiuussssuuluiagiy

nsifansyuy ERP fimunzay n1sdensyuu ERP fangautudunssuiunsiivhmeuas
Tnauddesdiusnnudliiuiiaing ERP enflanunsalifladduisidudmsugsia fufiaina
ERP sannvianglumanaiidflsifunmmhauiiediedu uilinsesnuuuiiuansisiu fafuosdndos
Fondunuivnzaniiannsadaviszuy ERP uuudanguls inasidndgyidesiuniiasanideiden
szuu ERP Tmaithusdioatiudnszuu ERP fdenasesaenadosfiunszuiunimmsgsiaiiteglutiagty
wnfign uenndssuuazdesdanubangunarldonde asnsaussendldunsysannisliidigei

o w

nsemnsandeidutladuddgyidesiarsantunisun ERP unld
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nsl¥aausiudovaefldiuads nmsinausulunisidiusiuvesdldasalunislulady

v A

dAnyPgnvesnudnsavedasinisiiazdiszuy ERP wnldiitaiinniseeususasauiisnelaves

o

a ] o a v P AU WYy o PN ° v = a
ﬂqiﬂaju51N®WLUUﬂqﬁsﬂaﬂﬁmsﬁ LN@U?UWI@WW?TUiQV]Q%u’ﬁ%UU ERP NWI%i?NﬂQ%QSLWNﬂWiﬂQUQ@J
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v Y

mssuitunouusuuLazaLdsasvedasinttan el

n1sAnymazavsy nmslvianuiuazmsineusuild ERP 1JuiFesdfgilesainszuy ERP
ilmiFestefiagldnuld fadumsinousufiofisvinuzarudnudesmgmedu IT ARlAsugld
seuu ERP ldifieawe Aaunsatielinistiszuu ERP anldluesdnsliuszaunadiiasinia

8avu wnglianglussdnsuianisiineusunisldszuy ERP MAfenadluganuduman

Anlun1sIY
1. A99ANUUULALITVBINTTNIY
fivelfoanuuumsitoidanunin Tagldnsdfinu (case study) iioneufiaiuise a3
3%’85@@1%%6&’18L“T;Jumﬂ%’majﬁﬂmL‘ﬁamiﬁﬁ’m (exploratory case study) [5] aduisised
wngandmiudT19vnang 1uiBaUsEdny (empirical evidences) titeUszifiunanisldausyuy
asauwmakazdnatadviifinadernudiievieduman defivesnsldnsideuuunsddnu e 1)
Peliveinngianudenloswesaive uaznadnsludauindenass dsimansladodonlouay
lannsamuauld 2) Peliiseamnsafinnsanvivasuieulvwiyivesmsidelimnzanivas
fRunuszrisnsiiuteyauasiinseilsogsndosin
2. nsaunAdBuaztuneumafiunasdinnesitoya
ilenaumauideiinanlithedu ideldnmsdunaiddndugiietosaensstunis
Andauazldnuszuy ERP laedideldhnsdumuniynnaausyaulussdnsmudnumrvodasadig
09Ans uA fuimssedugs fianns wasninauuftinu dmanmfrdestuuiunanuduinves
033 1vane nszuruns Beuledads msdadula yaranisuenneluiiisades wadwduas
guassafiinduluudaztunouvesnisianauarldom RP  dnwmednudulaedauasis
laseasn
nslmsizvideya 193 coding dangu Wisuisuidenles Tagld CSFs fauuatladei
osuglilwhdeiiaendunseulumsinneideya nadndvesmsangirensisouiioundngiu
yesmsunsiansiiAsnilestuusias CSFs seminnsdifinuniivszaunnudisauas Sslsiuszay
ALENSY
3. USunvaansaline (case context)

[y

nsafnulunuidelfoantesing Feseensaviuwiy widudlvideyaiddniuiiuide e

nsgvtinfetedninnadeilIeuiieunanany

3.1 nsdifnwdl 10 U3 FT. FT daeglunguues SMEs desudled 2547 didugsia
ﬂﬁzmmmamLLazﬂizﬂauam&UizQ wiinsegiidlen  waznszanlviduuiewiiduiugsia
odwiumingsudaffumnneaiiuneluguedine uiEninidnamussana 450 au FT USuivaeu
gorviuafifiotisuimsmunudeyalunssuiumstoreiusiovatsass Tudiedusudulusunsy

Excel uaslusunsudmsulunisesndade ndwintudsunndulusunsudnsagy dadwildly
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[

Frunsdstodudn, \Dadanedudn, Fuiisziuangnd, wedredulituidininenisé vdmn
fudlogsiafimaveneiiavdeunldszuu BRP iteranldludunoudraquesnszuiunsmagsia
MABAIUNTTNEN LTI

32 nadidnnil 2 Ui oV, U3 v dadlungugsia SMEs desudled 2537
Wiinau 250 AU Usznougshaussnvndnuasindelsey nieine egliflon nsvan uuIewi
fudugsivedumniunindselvgvetine Turrausnuisniinisldlusunsuduiagd uas Excel 1ileld
Audeya uaztfufinsisnisiuitu 9oy Dndaredud Uedaudmigné wagtufingens
PedulFtudminimsi mendminiigsivreisnniy visniaddsualdszuu ERP leling

UIMsIanNslvnseunguarantunaunsviundudeulunseuunsnskEs

NAN15IBUaTAUTIENE

Adeliasziieuifisunsalinwasinsdilaeld CSFs Mawdamdunsaun1siasizi us
o A o Y v o o A | & aa ' o & = °
Patidunann1sallaindalidadedy Wiy VUNAYBIBIANS NINANTENURBAINNANSY F9a1u19aLnun
sosanduuItslusulag

msaduayuaINgUINITIzAUge Tunsdl@nwivia FT uay CV Whvesgsiadudssutisyuy
ERPwunldluesAns ladinsadvayuaudssunaniiodouasindsgonias Arldinelunisvin
customization kagiUsnwinieuen  HuimsvesisaetasAnsiinlateuselevivesnisii ERP anld
2819791 1N AuNTAANWNUTTaUANNANSININOU wiae19lsANLLUINISIUNITIRATS
JUUSEUNUDINNSTDSEUU ERP aguansingniy Tunsitivee FT 22589103058 UUieInasessusa
rudesnstutlagiunagldsulszanaegssnnu us OV Semnunulafiamusganuiiussuuiige
TIIANUIINATNANUAFBIFITUBIANTUINTIAR

av o o a P Y a = | ° 1 v o

Ideiminiegsna  nsdlves FT uar CV gudmsueuiudinisdiszuu ERP whanldiive
USmsdanisazanansadaglinisyhauluduneunseuiunmsanegazain sa5aiunal analdane
n319aauls wazdiaunsatieluisesnisdearsianelutaznisusnasansimdululunuiniafea iy
dieuiuszuunild avldarunsoudsduniegsiaduesAnsdunuissuy ERP anldudiuseau
ANALTI0E19ANALY waagelsinunIeguimsves FT  asiiunimeesnistdauasddddniau
11NN e nguimsineiivssaunisalvinnuivuseniiunfgddanussuu ERP wngukuy

nN15U5UIATIET19NTEUIUNIT NSl FT BSuaguanndunaunisasds aantawie Sutisy
Ruangnuil PeRuliamid 1nusuaIuaingAvlumMnEakasduaamas uiudeulesiussuy
e-procurement vasgnAn all FT leiasmnu customize ERP Tunansdiu Tunazideaduilausu

N v oA v ¥ 'Y} = & & o % A v |
process #ldagialiaenndasiuseuy ERP  1nTu viauailvililanaiiuimelavaieniu wu
anusadununsanasatudedngels dn1siedasarsutisyiuaingndilaed19sinsiBeu nsdl
cv msusunszuaumsdalidaau eanndieglugiinisin customization winasgutindaaiulyl
ADAARDIVDISTTUULASNTLUIUNTS
a ¥ o o . . S Y a 14

n1sUslasinIsuasgiinIsiUaguuyas (project champion) nstl FT EuUIymsidnan
YRUINTULAFOULASINISG ERP AN8fLa9 AN1SAINUALUNIVNNY LHUNISINTEUU basUlgUIg5hu?
11901519 lnesunaasdldainuid function  YoduaunlUauATUNINTEUIUNITUOITSAA (business
process) Fadauloawansununidinieiu wuududuneu dnsimunsyeziiatndaay wazesune
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Tininaulsitladmadninesdnsazussqiimung afrsmmndesiulifuminamuinniseensu
uazsiuAuUSuasumsyhaulsidusanuiiaanisiwasinysslemigean

lunsal voe OV guimsimuadmunevedlasinisededaiay witilovinUeymddaly
Fupounisiniiuanu wu ssuulmlldannsavnuiusussuuildegld Tasnsisendn auvmdu
vilaifn MnUszauMsaidiamwiumsuImslaseinislefinaznisdeansdu vendor

wananinsil project champion uiladuddaiivily FT vssquimanoa Ly
wzfuimsiduiiihnmsasudashefieuaraisnnudesiildegisuriaie

nsadreii Asiiinafuegistalauy Aerusanilonnuitm outsource Tunsdlvesuism FT
U3t outsource Tauianiiouazudlulusunsudeiiatiymlssinig ludwwes Cv fuimade
J1n3deansiu vendor Widnlansatuondsludaymmdn

nsifanssuy ERP wnzay Tiaesnsdllddududeyanasfinnsannainuansiadelunis
W@oNTEUU ERP Asalves FT nandstadevatsaaiu Jadea1eluuiom oy sulsesuna aunuas
wunlusadng Jadeiieafuguandivesseuy W Tugafisessu, nMwiuazarwanansalunissessy
sruunBassnsvedlne Tudiuvesnsdl CV idenain msildeidsves ERP uay vendor 39ufsns
SBwesuEniivszaumnuduialumslidundn

mslinawsudovasulderuese nsdl FT ainmsdunivaindnauludiausnifianis
sesu uiguImsivianudlaliiuusslenivessruuuaglilihszuuiduunuingneu e
wiinsudila Welaguims Iafnanudesunarlsinimsinile  @unsd vea CV wifnamunsdiu
Annssiednu Wesndlaindunsiiuauanivhey visdulsisalalussuudsesidanunud

msAnwuazausy nsdves FT fuimsldwiminaundnvesinednde n1situ Tad Wev
suffUU3Em ERP  ileadsfiunudeiuiidlassuy itelidrlanmauuareasBenvesszuy
dmfu oV dufudmaidiuin winouidifslassimsssduddamadiedvssaunsallunisldssu
ERP svuulngjegudn Sebifimseusuiiianin udegnslsfnaludiuvesfinausefuufiflidla
Tuszuu wagiiiuindumaifinanuisdianufdndediu  Jaduldinsairsiruaduasiineusuiu
FiRetemnsziunuiiauddnydustnann

G

Weusumlidiniuanimnndenmsgsienifinisudsduiuogiann ludeqtussdnssinaglé
thsguu  ERP  nlfiflestamndnenimnisiiau nsnsunumineinsvesssdnsliussgde
AN TINAITIEAATUABUTLELIANNINEN N1TYNIIU LAYANLNTONEUALDINIURBINTTVES
andnldinndu sddeiilfuansdauniinmeitlade ifnadonudniavesniniiszuu ERP anld
wadnsliteyaldedndmiuguivsdeerafiansani ErRP anldlussdnsvesnues Tneiuinusiaz
psAnsHossziiufiesimiendmiu ERP viell wansesdnsinenenuldszuy ERP usUszay
Jamidesanesdnsonalindendmiunisuiussuunmsiaudidesuwazaieluesdnsiidvang
fnguszasdidaudstwes uenanimsazdesinuifunusmiingmasnaudfasesruusdiosinimg
uazilmmglugsadussauials wazszuvannsndiouds  Tidduannudesnsvesesdnsly

auAnle

G 156



v
o

ndsvgaArnseAueAteygyddant asen 7

2 fguneu 2560 aantunsdanatioyonada

LONEITB9BY

David Olson (§uUa A3. 3081 gugnenss, as. WA A3au). (2552) ERP dmsugusnis: Usziduly
msidenltandulasanisuazvenena. Ruveseit 1. drnfiadd 3.le.aumns,

Levi Shaul and Doron Tauber. (2013). Critical success factors in enterprise resource planning
systems: Review of the last decade. ACM Comput. Surv. 45, 4, Article 55 (August
2013), 39 pages

Robert K. Yin. Case study research: design and methods. Sage Publications, 3" edition,
December 2003.

Sherry Finney, Martin Corbett. (2007) "ERP implementation: a compilation and analysis of
critical success factors", Business Process Management Journal, Vol. 13 Issue: 3,
pp.329-347.

Toni Somers and Klara Nelson. (2001). The Impact of Critical Success Factors across the
Stages of Enterprise Resource Planning Implementations. In Proceedings of the 34th
Annual Hawaii International Conference on System Sciences (HICSS-34) Vol. 8. IEEE

Computer Society, Washington, DC, USA.

G 157


https://www.facebook.com/eisquarepub/?ref=page_internal&fref=nf
http://www.emeraldinsight.com/author/Finney%2C+Sherry
http://www.emeraldinsight.com/author/Corbett%2C+Martin

ndsvgaArn1seAus Aty gyadast asei 7

2 fguieu 2560 aantunsdanatioyonada

n1seanuuulududulnnsiniauuziirunumeasdieninensuywdluasing
Designing the Motion Infographic to Introduce the Roles of

Human Resource Department in an Organization

2554301 eddladna nsdia ASHUWUS adeiaa RuzSaunde

Wanvipa Wongvilaisakull, Koranit Srisamphan1 Danailert Tiyarattanachai2

‘naugimnssumaniuazmalulad aondunisdinnstaydan

1Facut’cy of Engineering and Technology, Panyapiwat Institute of Management
“Anuzaninens amTinendunsaifiou

ultidisciplinary College, Christian University

*Corresponding author, E-mail: wanvipawon@pim.ac.th

UNANED

Aav adaav ¢ A v Aa a ] (% o 1 (%
e9Ae T UsrasAiveoenwuulududulrinswind wiukugdiunuimveshensnens

uyusluesdng wasiisuisunufanelalunislénuredeuvudufuiiuonarsuasdeluty
dulsinsifindiwaundy  Taeuszendld ADDIE Model unuimslunsfaumanuliunde
n3nensuywdvesuitmenvuuisidudmiauunyd wazlinguidmanelunsussdunasmudu
wifnawuiforgewlsitiu 3 U $1uau 30 au MnsamsIsenuinguidssneiiaufisveladeluty
aulnnsdin ﬁmﬁuﬂ'%aﬁ'a 4.58 agluszauauin IﬂmwEJmsﬂs”Lﬁuﬁﬁmmﬁthmmﬁam fg
Arwiuatvvesde Anduduads 4.70 egluszdufunn wenand nquidwanediianufionelasie
aaimuauIWﬂiﬂﬁ/\lﬂiumwmmmmmmwummmﬂmaﬂms Andudiade 4.57 ogluseduann
flgn lnosomsusziduiifissiuanuiusisuniigado aaimuauiﬂmwxlﬂuguLLuumimLauaw

1 A 6’5 a a & a [~ 1 = I Iy ~
Yraulasnnnindskuunasuiiduenals AsduAaae 4.63 a@mwummmqm

o/

AdAsy: lutudulvingin Sulrnsinuetiwdu dhensnensuywe

ABSTRACT

The objective of this research is to design Motion Info graphic in order to introduce
the Roles of Human Resource Department in an organization. It will also include the
comparison for the satisfaction in the usability between the traditional media with the use
of documents and Motion Info graphic that has been developed. Thus, ADDIE Model will be
applied to use as an approach to develop the study to the human resource department of
a private company located in Nonthaburi. The target group for the evaluation consists of
employees with no more than 3 years of work experiences for the total of 30 respondents.
According to the research results, it is found that the target group has satisfaction toward
Motion Info graphic in an average of 4.58 which is considered to be in an excellent level.
Additionally, the evaluation that received the most satisfaction are the modernity of the

media which is equivalent to 4.70 in an excellent level. Moreover, the target group also
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have high satisfaction toward Motion Info graphic media in general more than a traditional
media such as the use of documents in an average of 4.57 and also remains in a highest
level. However, the topic with the least satisfaction in the evaluation is that Motion Info
graphic has interesting contents as compared to the traditional media which is equivalent to

4.63 and also remains in the highest level.
Keywords: Motion Infographic, Infographic Animation, Human Resource Department
unin

Fren¥nensuysd (Human Resource Department) fetdumisauiifinnudifysents
Fuirdeuesdnsliiinuiamii Insunuimvdnvesdienineinsuywd WA n19a1aunuiidany
MUFRUNITINIUHLNAENETDI03ANT MIATTMIYAAINTTITIAINSANLEINTa LA IMINE AL UBIANS
Tidamihau msaunyerainslidugfianuannsafimuiielimdeutunisiasuutadlusuan
mMsquaszuumaatafmsiidusssunasudeduld saudinadusnaislunsaisnnugniues
ynauluesdng TnsUszautufuimsuasninanuynsedu nidaduiifaasiivinuliuiyaains
Tsandeaudlaluaudesnisresmiingu fusms waresdng naemauadsauaunalfifndu

widhensnensuyedaziiunumsiaymainstuiumig 9 winuneg witudagtuesdnsvaie
wisdslszavdymmdnauvinanudilaluunumveshensnginsuyed auendamalvindnaude
Tomalunslasuusnsaiuais 9 Wy a@¥ainis ansuselosd n1simuIANNEINNse Lagn1siasy
FuFnuiifulsslowddoniinany auanadsuasoseiuauyniuroosdnsfianas el vargasdng
wenewuidanlaensimitenatsiiossusunumvesineninensuywdluguuuuusememse
Aowtneu Woadsenudilaundneolinndedy windnoustidesveudouvuiufudunin
Hesnnidudenifitenmdmauin deserdoniserudundn Fsldnarunnlunsvianmdila
o Bnvhadaiisuuvumstaueiilidestauls dudu n1seenuuuuasimundolusuuuulni
aunsaasieanuianelalunisldnulinngly uaganelvndnaudlaunumeeshensnensuywd
wndu fedunnuhmeussnvilwesesdns

Jagtudelusuuuuduliinniinfodundosdiodeasinsmds Tnewduiiugiu 3 Usgns fio
msfomsifiusyansnnluduaiaula anudile uagnisandy FeaetieliAnnsSeusiiaty
(W51 1elvIAY, 2558) ﬁy’aﬁIui’]fﬂagﬁ'uié’ﬁ@ummajLMﬂﬁﬂIm%’uﬁuIWﬂﬁWﬂ (Motion  Infographic)
3o Bulnsfinuedudu (Infographic Animation) @sldnmnsfinuuuirdeulnaiduiuandedds
frwasrsarniadla wanm wazdeudiaunsodiladomasiifesnmsdeldiouas mniaBeiu
Tnedayadnanituldasiiunsay Boudedidu nsedu Wilade uasdeasogansslunan
Jedamalifvuannsnandifoyaldifuogned fafu mnasdnsanuisatisuuuulidudulnngfinu
Uszgndldifisinandelusduvusaudufiouuzimiisauuazunumvsmiaeny asduns
atvayulimaiiauedeyadenufpgalauasideronsandideyaldnndeiu

o/

AQUsEAIAYRINTITY

1) Weranwuulutudulinsfindmniususiiunumvesensnensuyvdlusns
2) wellssuiiisuanuiianalalunisldnuresdenuununuiazdelududulnngiin
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NAITUNNYIVDY
AIdelevimsfnenanuiuludusulnnsinidsusuuinetesiunsiugiviieau and
1) Tugudulnns 1 dlnwusinaueIngInIseasnaluladasaume unineasmalulad

191UAS : Wnedinsivalseaanzunduindnlunisimuide waziidn@nwdudiazasudn AU 1

Technical Lab &

- - -

UM 1: lwdusulinsinuugihaugineinmsuasinaluladansauna aninedemaluladumuns

fian : https://www.youtube.com/watch?v=h7SEOMQ9K4M

2) Tududulnns Wnuwue1usen Ubiz Solution : Iagiin1900nwtUULASBILAINIEYBIRIaT AT
wanwanadernuduuaainslussinsgsia Judungugnindnvemauien fagui 2

-$’ ()~

3UM 2: lududulvinswinuugdus¥m Ubiz Solution

fian : https://www.youtube.com/watch?v=bEdGivJz4KY

3) lududulsns Wnuugd Ikari Trading (Thailand) Company Profile : 1un1suansuseia
anuuinvesesdns lnalddydnvalidusumilunisdernumnewnuiidnes Asgui 3

FACTORY .z

gﬂﬁ 3: Tugudulnns nuuzidn Ikari Trading (Thailand) Company Profile

fian : https://www.youtube.com/watch?v=kBUkUaubKIY

G 160



v
o

ndsvgaArn1seAus Aty gyadast asei 7

A5AAUN15IY

o

2 fguieu 2560 aantunsdanatioyonada

luns3duisesnisesnuuuludusulinsiniiewusiihunumvesheninensuyudluasdng
Iguseendly ADDIE Model {Wuuwinislunisanifiuau Asgui 4

e

ATS3AS R (Analysis)

uarTundeuseny

waiuaraUnsanlsznay

v

ATSYmA (Developrment)

|
[ I [ I
RS RHAIBIRDIATS Asumiinmasanuay sesnvaudion TsumunsUszdiung
woanauivae whweveintsdnvhde
[ I T
[ n7T0EALLUY (Design) =
|
Sharanksydiuntssus
ponwmSey [ DEAULUUTIY BRI
UBZUUUEO U BIATEINE
|
T ) P PBALBLITMAS N 270
Buuunusseadem ] ee ooz o : L

l

v

(Layout)

fnNasAUsERD U

TRAETREY
umEAAEY

Bonled Jiln aed

-

Bl

smnTFinUREEINREL

v

FongUuvy vum &
usrnEiAE e Onws

rperUsEnoun

(Composite)

= ARnaaTm

.

Tufinidng

Uszulum s

wWinlguile

v dudodulvdiiz

1

.

Y

Aslle (Implementation)

—

¥

Pdulvlns Fnuedwduld

WnaudwansvRanid

¥

Y~

N

avsUseiiung (Evaluation)

x

Usedunantsifuazraiiimele

wosnauiivew

UM 4: unugiinnseenuuudulrinsfinuetiutuivenisiseuiniuguuuu ADDIE model (Wadiiial

@eneg, 2557)
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[

Jupeundnveiniseaniuuludusuliiniinaumdn ADDIE Model Usgnaume
1. MIBATIEH (Analysis) iutumeumsimusiennaziniauslugduuulududulingiin

¥
av A

lngeddeiilavinisduasiendeyaainenarsineidesiazdunivalndnaudensnensuywd

Y] |

vesuTEnenvuuimildludmiauunyd efuniuneaziBeaiertumienugesuagsunumn
wihfiddgeusazdrunuludieninennsuyed ntuinistnunlasssesidomiiaonados
fumnudesnsvesnguiiming uazAnwinumansussiiusalunsiusdevesnguitiving

sl nnslinsziteyaaninenineinsyusluuisndisiu suidinisuisnudy
2 dyuvdn WWun 1) @weu HR Business Partner (HRBP) @afunuimdndaylunislidusnu
Frunde Uszaruau wazudlulynicuiifeidedddunniisnuldediesinds way
2) dwa1u HR Center of Excellence (COE) dsusznausnenugos 4 Ao sudamiiiemanunsn
A (Talent Acquisition) 1uAIROULNULAZENSUSZIEYU (Compensation & Benefits) 97U
WnNIUuUS (Employee  Relations) sudeauimuiesAnsikaginousy (Organization  and
Training) Ineuiniasnislinanulududulinsfinfifmurtuinnue sz 3 unit itelsigua
anunsofursiievnlfausunagliifaanudenine uaslimsldanunsaifiduiunulunisesue
domidilade wu sundneuduius Tadumbsnuiisviavevlunisdaianssuaing
auduiusdmiunine andenldaounsniinudsdut weenuvonileuenaoud el
WuUTsEINARLEYnauY adad serdnandnauluesdns Wusiu

nauivsnefisurade Usznoude wiinendluusundng o vesuddvidengauliiu 3 9
famaonasvds sadunduitdsdamnuimnudilafefuunumessheninensuywdldanin
TnensUszifiunanisuradeveanguidmngagdniunsiaglduvuasuans muiewslalunisle
nuresdsuuusaiudseglugtionansuardelududulnn findiaundulu

2. M398NUUY (Design) iudunsumsthiiemiinseilfusenuuvesdusznausing « 7
Aendedunsiannsanulududulinmiin end
2.1 msvenuuuiilon : wiswden asuidewn fidesnisde
2.2 n1seenuuUiiaas : lunseenuuuiarasiianIoanaiiessiniu ol
aruthaulaungstu Tnglienudidyfunisesnuuuiniesusinieiiionan deiumsausing q 7
dioamsde uazmadenlddny 3 eiiuarwanaidviuifarasindedu daguil 5

=

K

Y Y

UM 5: Megradazasililuaulutudulvinsifinienusdiunumuesiheninensuyue
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2.3 N599NLUVANDIUDSA (Story Board) uwazns finUszneuain:  Huduneudizie
InannuauAntunIsiauedeya ngn1smruATIuIuRIn wagilemanasudluudazain n1s
MruaLledeaning uarsgazidenvesmin fagui 6 wag 7

Scene 4 : QaA19D A3aan1s Na:ansus:lawticinog vavwinviu
- - — P X s -
Animation : HR nuijaikijouidswonkis daanisvuninazou

SUN 6: fogvaneiuesafiuansunumvesheninensuywdlaelddydnualyiedeninununeg

v

3 i " / “ -
S —
] = TR —r
| | k \
| |

Scene 23 : KktMAdANTunNsasSOWUZIUIRAUITVINSLIUDILUSKISTOMSVIU

ns‘wmnsunnainnua\mns
Animation : nnAuRIKDauravnnasUddeniu sU lens duuwalasuluanndialu

Ul 7: dhetaameIuesaiifiannmdsuszney

3. m3wan (Development) Wusunoumsiaulududulnnsfinnuwwamsdildesnuuu
BliAndusUsrasnntusasmnganiuiimstiausiiiimun tneldnmesnsiin deanu
amiadeulmn deminduazdesUszneu uenani Sslinmsdszandldimadalininiianuaisna
11nB9du 079 nslalnud uar nsldunliuning figuil 8 uaz 9
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Bereation : Gnfan aveft Bttt « bt S s s s Rt

ee

3U# 8: Tumouns Gradient & tteladlnusing 9

<2

3U#1 9: Tumeun15vi1 Drop Shadow tieiiisaliingiiansiauiiy

3 dy v YN a o < b4 [} d' A =~ a

N9l TunisadralududulnnsiinandudesendenisnisaulravesninineLiies dnns
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5. nM3Usziiuna (Evaluation)

wsoslodfelupssilidunuvasuniudiuau 1 ga lnefmvunszaunginssueandu 5 szau
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gunay Faduninauluununeng o vesusenifiongeuldiiu 3 U lnefinquuimnefiengau
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vosthendnensuyusliudndnauluesinsldfunaudeenasuuuiafufissegnadior F1019
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safenuvesfivgdu uada (2559)  finudinisesnuuviifavdiadeaiiufianelaves
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MnwanFifedandmdlifuinsinudodineaiivuaivasnuuasiidevinszdudsmaling
AoansfiuszAvnmasiy
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THE DEVELOPMENT OF INFORMATION DATABASE SYSTEM FOR THE
INTERNSHIP PROGRAMS ON INTERNET NETWORK : A CASE STUDY IN FACULTY
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UNARED
n15398ATediIngUszasd wWeadesruugiudeyaarsawnan s udIuAIounY

q

Sumediiln nansusziiuguanlaegldormagdnau 3 aunuin sumiuamsaiaunLA
Fosmsfld druniifivesszuy sunsldauresszuy wagiuniudasnfouaznisnsiadeuady
gndedlumadnliszu Alsessuvansaumansiinnusinuaietedumedidn Usingi1 sedunm
Antuvosidonny suaunmiaiede 4.23 uaslinndssuunasguiedeu 0.67 agulsn
AmuAnures iyt uuamsaumanisinnuruedetgdumesidn faunmegly
sEAUf FeiunsiiesgidanudaiiuinAnviiiddesruvaisaumanisinanuiunietne
Bumesilln nan1sUszfiuszuuiusingg wui dnfinwlianuiisnelasessuuans aunanisinaiu
Wua3ernsdumnefiinlaesin faedewiiiu 4.15 wardiddudsnuuinsgiuadesy 0.79
asulddfinnufianeloogluseduann Gensiteaduioly  sruumsuansisaniuUsznounisi
tnAnwndonltiinem TaeBomwddy edasudivaniuusznounmsld wagmsinisdiseadoya
vesszuulnefidelduiuuseszuunuiieliliussansamgean uazdunuimslumsianisdnw
moly

v

AdReY: sTuugIUlayaasaung MsinurueseTIedumesLin

ABSTRACT

The purpose of this research was to create an internship information database
system on internet network. The assessment results performed by three experts ensure
system’s ability to operate according to functional requirements with satisfactory level of

usability and security. The mean score from expert assessment was 4.23 out of 5 with the
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standard deviation of 0.67 The assessment outcome based on students satisfactory level
was 4.15 with the standard deviation of 0.79 The results of systematic evaluation showed
that: The overall of satisfied level in students on the internship information system via
Internet network. mean level at 4.15 and overall of the standard deviation level at 0.79
Future research and development may enhance the current system in the following ways: 1)
The system shows the list of organizations chosen by students in an prioritized order; 2)
Backup and recovery should be in place to minimize effects of unexpected incidents

Keyword: Database System Information, Training via Internet

unin

foyarnasieidutlhdvddydionsdniuianssineg fitannsadhfsdoyalfisaniifay
ehuseuidu Bumesidn (ntemet) uundssiusmdeyaansaumaaninlandlisediu Jady
iadlouuminddoya amansfinudiulnginlanBuiunaulalutegdy [1] szuvansaumne wazns
deansuvulinsuuauviefiFonindumesidandudsidundunuimduegrauinlunisdniu
FAnUsesriu dmadunsdeuluaniudnw wavnsuiiinu Tnefissuvasaunmetagliie
ansofnredeatsiulfesniming uasiszavsnmiigadu maindumedidnuldlutlagtu duld
Jufunsda fdlmiveslanwiinisdomsduilesieasiu vesdumetidniannsovdntgmily
Foswesnan wagszaznaldilifauansafnsedearsiuldnielunaisusings lihazegdanis
yaslandnu [2] Bumefidnduszuuieioreiiindesrenfiunesideusotumnigalulan aelu
wseviedumesilafinisliuinisdud (E-mail) vieaanuedidannsednd mslvusnsdeyauuy
Gopher, www, FTP LLaz?juG} 'SﬂmmmaamLduﬁﬁﬂﬁ%umaiﬁm DupIetnefilasuanuiounin
fign umwsziasesneldluslanea (Protocol) wuu “#Ffi/lefi” (TCP/IP) siliedesaauiinmes
nnaTesdiauddguindunas Weiliedemianiadalussuvhiaunsaviauldmuuniuga laild
eI sEUUTaAsgaYney ssuuieietnelnesiudannsadstoyadiuluanld sz
faflinsesmeniimesdug vmihiunulasdeyaenafinisiasululdidumeiildfitgmunuls oty
Sumesilnlifiiundy Jauldnudumesidnegnasnial MskenstoyaruAToT8duNasln
ansnsmiauetoyaldislusuuuudory suamiedeulmn AosdoyadadfiAeddtingiili
wauly vihlieseviglownauldsuanuieunduegnaanioiiedumnesidnliasdfiflvisdonts
Wasuwadiinsdiiunureesdnslagianizegadaimnasnunsing uazgsia ynesdnsenee
pausuiueaTetnedumesdnandugudnandlumsdiiunuesmu fadu femsesnisiau Jes
gnsideulesszuuieloriovesmuies uavesdnsidnfussuuesetedumesidn ilensviaui
UsyAvEnmannd e

Lf‘iaqéf’;sjfjﬁ]q;ﬁ’uummmﬁgﬂuﬂflﬂ%’guasLaﬂsnumaamuamﬁuﬂfliﬁﬂmmq6] K0
poufiees nifeadestumsihauduediann msizasuiamesaunInsIBANAZAIN
Tofuniheautug Ifegsdiussaniam aoufiunesannsafuloyaldoiswning uassiling
Ansedeansmniiannsalideyasmiuld asufmeilitinsinmnedisderdesiiososunsld
o1 Tuligtufleevinifunndunasiinasdomnniu ededensiiluldeu faenndasty
MiAduiFes M szuuinnsin@nyiinau auzmeluladnsdanis aminedomeluladsy
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Tumshaugilagyinnmsfnwinaznaaedddssuuiiflegieuntinaanms@nwssuunuifisannsa
Aasendgning 4 §Adediuanudndulunisiauissuugiudeyaaisaumanisinauniu
isetneBunesiin dsazdrglumsnemmazmnuarsinilunsiiausdeyanisiinnues
thanwliiussansamanntuantamddasana oA naIMNITIINYAT WHTINe1de
walulagnszasuinainszuasmile aunsadnaueteyanisinauvesindnw  ¥usemduiug
an1ulsznaunsilnsutinfnwidineu Snsdadunisadanmdnualliuiausgaaivnssu
inwms Tusunsimaluladansaunmnussgndld Sadnduegrsbsiasdeaiaungendaiuszend
(Application Software) “izwgmﬁagamiaummﬁﬁmmchum%aszha%umaiﬁm” Fuludnvaw
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1. ileadssruugudeyaansaumanisiinnusinuaietnedumesidn
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1. puAmvesszuUiisossuuasaumAansEin iAot eBunefidnfiiuunduog
Tuseaud
2. anuflewslaveafldaruifiveszuvasaumanisiinausinuedeviedumesidn 9
fiatuog Tuseaud
2. UsuInNIuasngunegng
Uszynsildlunside 1o
1. fi¥ormgdaduornsdifinimg uazUszaumsalnmsiwuiuvuszuulidesndn 5 3
Tnedndendungusiegalngitianiziansasdiuiy 3 au
2. dnfAinwsEAuUSyans AMERRAIYNTIINYAT NMINEIFEMALULAENTZA0UNA NS
upsivile NamelouSouluaaFoud 2/2555 S1uau 50 Au
3. JunBUNTIRAITEUY
;ﬁ%’alé’ﬁsumizwmwﬁgumaumsﬁwmizwmsauLvm (System Development Life
Cycle: SDLO) mswmunszuy aediog 5 dumeu dsaenadosiunuifoves nang Faewus (2553) 14
nanlinsimunsEuuuasUsIal Isaseuduiulsned sunslyaty Janiauassisduinuia 9an
nswalueseuil mutunoumsifaunszuy SDLC v 5 Juneulasldnagnsnisussyands
UFtRns mstimangluinlviyaainsianuitilalussuuny wazannsafiazesnuuuszuulnl
ausuiioanuuulsle (4] F9995n1INAUITEUY (System Development Life Cycle) [5] @u1sa
wandlaidsgud 1

SDLC

Software/System Development

Life Cycle - SDLC

3‘1]17; 1: 2993NIIWRIUNILUU )System Development Life Cycle)

a

NU1: http://bcomubru.com/maitree/?p=207
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CLASSIFICATION SYSTEM OF RICE SPECIES BY SURF IMAGE PROCESSING:
A CASE STUDY AT LOPBURI RICE SEED CENTER

° o 1% Y 2
ﬁf!a AMUIUYY ", YU NNUU

Skul Kamnuanchail*, Chom Kimpan2

1 a a =
AUV IAINTINANTAULNALLAS NTEDET
1 a a o o =
ﬂmSLVlﬂIUIaEJQWﬁ’]MﬂiﬁN, HRNINGIQYINYANNEAT
2 a ¢ = @ o awv ¢
ﬂmz'ﬁﬂ'ﬂﬂiﬁﬂﬂ’]ﬁmﬂlﬁ%LVIﬂIUIﬁEJ, aﬂWUUﬂW‘JT\]Wﬂ’]T{jﬂJQJ}’]ﬂ'}WU

Corresponding author, E-mail: 1*skulkmi’cl@gmait.com 2chomkim@pim.ac.’ch

unfnge

mAteiiauessuudanenaeiuduind1iudendensuszinananimisnig SURF il
fnnsfauenaeiusiniuden feszuudauenaeiuiuindnudendeduneuds Speeded-
Up Robust Features (SURF) Tunmsussananan1myiinswenaneiugdnd 31uiu 4 ateius fe ane
Wugusndeunusiill aeWusiiaeadony.61 aeiudiamdons.al waraneiuding Jofiwaylan 2
MNMIAABUABILAaraneus YN s uuTEUUARLe naneug ARt LU Aendadial
91U 4 dnvaie LAuA MUNAARUYNUNR N1MNA0ULN 90 BIAT ANVAFBULY 180 83A1 Uag
AMTAABULH 270 DA TuNINTItIvadeUTNATILIY 64 A wanTITENUIIALgNGDY
YosszuuAniuSesay 96.87

AEnARY : aneugiIUGon n1sUssuiaNanIn

ABSTRACT

This research aimed at proposing the classification system of rice species by SURF
Image Processing in order to develop the categorization of rice species. The Speeded-up
Robust Features (SURF) Image Processing was employed to categorize four rice species
named Prathumthani 1, Gor Kor 61, Gor Kor 41, and Pisanurok 2, respectively. According to
the image processing of each rice species, it was found that all the pictures used in the
categorization process were classified into four particular features- a normal ankle, an upright
angle, a 180 degree angle, and a 270 degree angle. The result showed that the accuracy of
the system was 96.87%.

Keywords: rice species, Speeded-Up Robust Features, Image Processing
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fddny : don1siFeuntsaeu wialuladranid Inisdeulsunsy

ABSTRACT

This research aims at 1) investigating and developing a teaching plan in a classroom with
cloud technology and 2) evaluating the students' satisfaction to the proposed teaching plan. The
focus group of this research is 37 first-year students who were studying "Fundamental of
Programming", in Computer Science, School of Information Technology and Innovation, Bangkok
University. For collecting the data, we observe the students' participation during classroom
activities. The findings are that the students were willing to participate and give their opinions in
the activities with the cloud technology tools. With these classroom activities, the students
handed in the school work in time up to 92% compared to those of not using the tools

accounting for 65%. For the online assessment, it shows that the score of overall students'
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ABSTRACT

In Non-Ferrous Metals Processing Plant, high temperature area can be found due to
heat released by combustion process. So, the ventilation system is needed to decrease the
temperature and remove the excessive heat from the working area. The research aims to
compare the performance of different ventilation system used in the plant. The commercial
Computational Fluid Dynamics software is used to be a tool to investigate the air
temperature distribution and airflow characteristics. The numerical results show that the
combined system between new fan arrangement and open wall, case 3, shows satisfied
results that average air temperature can be reduced from 34.65 °C down to 31.61 °C and
average air velocity is increased from 0.5 m/s to 0.95 m/s

Keywords: Heat, Computational Fluid Dynamics, Air Temperature, Air Velocity
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et 3 o wansUSuUsuAlanansnansefugamgianiiu 50 ssrisadua aunde 39 o
waldua Faduszduanufouiiniusnsgiuiiimun smuuszniansensamelng we. 2519 13eq
amnuvasadslunmsvihnuieiunnzunden

Song & Meng (2015: 1475-1481) l@An®¥1N1358U180INIALULSTIUIRLALL TN LY
voaFeuiiiuiung 396 gnuradiunslaglilusunsumamansvedlvaidsdiun lnedrasaniside
pifafnuing nshndainaunauuazinaugaoIn1a wuinsfisdends 2 unnfieszunsannemdn
doransTmiunisiadeinauinauuagiinaugaeimaazshlinisszusemeluioniouldogad
UsyAvEnimiial staauimeuaztgliusuUanmenmaluiudsesinGeuldfunniy

Zhang et al. (2016: 193-205) lavinnsdnassnisinaveseiniAnglulsssoumizsinulsl
nsdnwlalduuuitasinnudutusin Relizable k—=  drassnslvasaufunsnsiafnase
dsulsadouldvinsiadsyahdneimasiuou 1 - 46{’1uumwmuLLazW'ummﬁmﬂmeuaqzjﬁu
nanIsAnyINUI Suugavidaemedios 2 geiudsmelunsinvigumgiiuaznisivaiou
1M uenANISsiAuANAE AT maRsInnTiandnde

Nnmsasenasnuii dmiuisidenlunisansumgivazifiunislvadeuenianiely
Tsanuiisheiu 2 sunuuiue msiivinaslunsssuieenmadiniugaduay waznsiiingondn
ponueneAsilszueALfeuTiavausgoonly

dnfumiddeiidunsfnyiluduresnsiouisussuussuisenianelueasvas
wartugUlanedlaldmsn wagRinrsuameiuiiiihnmstusulangwiby dwiumsfnubuldi
maFeuifisudsrAvsnmunssruuszniseinia 3 wuu Tasudadunsdfnuded nsdifne o 1y
MsAnwvnzilifinsuiussleg nsdfnw 1 ledinnsususslaonsifiuteadavesntasnudia
wilouaieng unnuinalndfiunsruaunsisinisliaufou nedfnw 2 ldinsududgasium
msfndainauiia 12 § wagnsdifne 3 livhnmsusuusdasnisnunsdfinu 1 uay 2 lnedddin
Tunsusuugeiuldfnsandseumpifiansoanlduarauimesonafidistunelueins

IUIZAIAVBINITIVY

1. Lﬁ@aﬂqm‘wﬁﬁLLaZLﬁmmﬂ‘lﬁﬁL‘iEJ‘L!‘UENENﬂ’]ﬁﬂ’]EJIUIEN’]HQGI?HMﬂiﬁJIJi%Lﬂ‘l/l‘lﬁﬁ@llLL@S%‘U
sulaveilaldindn

2. iiteUsvidiuanldaelunisindsssuusyuneeinia

1%

WANUUNTIY
1. MInsriafaulsiieatasnelulseny
TssrugaamnssulssinmmaonuariugUlavedildldmdnluamuideiivunmiuen 94
wns N9 25 1WAs g9 9 wRsegURl 1 aeluiiedesdnsifimnuieusiuau 11 f Tnelssnulsvi
MsAeinauioszuBALToUsIUIL 12
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499 wes

JUN 1: vensvaeuuaztugUlavedlilimén

mAfeilaTimInmtasamgiinazauivesemelasiaiesiiotnonmgiiuazaunga
939711 (Anemometer) Aelup1Anslssnus I 8 90 fiseiuaugs 1.2 wng S198asums
AILAUMIBEAUNINTFIUVEY Ministry of Environment (1996) ﬁqgﬂﬁ 2

niuldvhnsineuswesennmawazanmgil Wusserina 15 $u Tnsvhmsialugaam
1300 91500 wnqdalus s 8 90 flesanidunanfienmanieueniouiaauesiu dmiud
gumpfusssniAneusnetmaaie 15 Yuluiidn 33.06 °C dewnArgumniaauiivesenniai
iata 8 9 S1ua 15 Yu dusrgniunadelpeaiomngnuandlumsnsd 1 (ende wnssa
wazAMy, 2559: 102-109)

L=
%] o

] ll\

”F:i o

>

JUN 2: funtianisnsIaTnenmgiuagauEI1ve901nA
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A13197 1: uanAen)iadeuazaNiIveInINIARde 8 90 (endy Wi wavane, 2559;

102-109)
o NAN15INAN
IAFIIVIN = ”
| gaungal (°C) AIULIIVDIDINA (M/5)

W 1 34.09 0.90
907l 2 33.91 0.64
907l 3 34.32 0.63
07l 4 34.46 0.06
909 5 34.70 0.04
907 6 34.48 0.05
907l 7 33.92 0.02
907l 8 33.44 1.11
Uizno1AT 33.06 1.26

2. msiuaatveudmiulusunsudunamansvadluaideruin
dufumafutoyarvsudniusmualulsunsudunamandvasinaieiunuiiu 1§
yhmsiaeguupiuazanudivesinausiua 12 dilfasanglulssnuaie nedumisesinay
1 12 shgnuansluzud 3 feganisnmaindgumniuasauiauvesinauusias fuansdansng
7l 2 (ondfy wWINTIU UATANE, 2559: 102-109)

5UN 3: dumiainauszuigemAduiu 12 67
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A13197 2: AL SIANkAzaTveiRan BNty WINITIN wazAnLY, 2559: 102-109)

Y

o HANTINA
Waaw = 2
AUl (°C)  ANULTIAN (M/s)

1 34.70 3.70
2 34.40 3.90
3 34.00 3.70
4 34.50 3.70
5 34.30 3.50
6 33.60 4.00
7 34.60 3.80
8 33.90 4.50
9 34.80 4.20
10 33.90 4.50
11 34.20 3.90
12 33.70 4.10

TumsﬁmumPi’lammﬁmauﬂ‘%'aﬁmﬁ'u I5lda3asanen nANSouINE A NAT IS UTAS
mqq mmuammaamaﬂwm A B, C D EF G H,I usg J Lwammammmsﬂmumm 7 W
mﬂuummsmmmaa ImmLmuwmLﬂiaaaﬂsuuaﬂLLamﬂuiUm q LLaumammmaaaamLamTu
A15197 3 (1onTy WINITTA UaTANE, 2559: 102-109)

@@

JUN 4: undanuTauTuI 10 funs
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M1519% 3: AgunNIiRtuYeuATRIINT BNty UINTIU WazAME, 2559: 102-109)

\P30sdns gl (°C)
LWNOULNALN (A) 58.29
\3asdn3nseu (B) 56.61
weuvieulang (C) 62.36
svuudl (D) 62.30
Al (B) 38.79
W30 (F) 39.51
Faeesnaw (G) 40.09
i3avidaidiu (H) 40.23
aenuaLass () 40.70
\SeainudanisIndou () 40.38

3. MIATIADUANUYNABIYBSIUITUNTY
HARTIvERUAIINYNABIYRdlUTLATY LATin1sUTeuieuA1gmna1NN13n 533 IRT
$1uau 8 gauisuiunanisdraessfelusunsy Taenuiamaumeandoudldliiiufesay 5 fagud
5 wansAnwiildannsaaguldiaildaniusunsuiidigndesuiuduiisse (ends winssu was
ARy, 2559: 102-109)

37.00
O Measurement
3600 o M N
—&— Simulation
—~ AR00 N
L
g
=
P 3600 L O N AN
o
E
|1J
33.00
32.00 ; ; : ; i i ; ;

Wil a2 gefi3  qeila qedis qafie  gedir aedig
JUN 5: uansmslSeuiigugaumgil (lende U UazAne, 2559: 102-109)

4. A5ANYIAIUBETZVRINGA
dmFunssianinsiatiusuILYes nN3IniinafoAUYNABILIUEN FafunnsAnEIAL
Hudaszuesnsadefinusndu lnevinissnassnisluesiunsdl@ne 2 wuu Tnedsusunsalawn
2,722,597 n3nLazd1uIu 4,419,772 n3a ﬁ]'mﬁ?uléfﬁ'm'ﬁm%'auLﬁaumqmmﬁﬁ%mmGi'mf]ﬁi’mu
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a

8 9n nulAderazANRANETasgungilagsiuesnitsesas 5 eddlsinud 2 gadfien
1MnNIN38aL 20 duLeINnINNS AN LN INeNAn 18T AR UALSTOULVDILATDIADUNLADSNA
laligane (Londe w9550 wazAMY, 2559: 102-109)

5. NMSWAILITSUUITLUI8BINA
Fusunisfnenasiauiszuussutganianielulssnutiulanuinsalfnwndy 4 nsdl

v

&
ail
e & = Ay i 1Y) A 9 v o )

nsdinwn 0 Lunsfnwvaenldinisusudgdlas welimsiudnvaenisnszatumives
a1neuazgauuiituanindagiuneunsiauensaluiuss@unuiansdnnneinauliuansisguin 3
nanbiteuluisaanmesiatarnsivuaiteuly

nsddnw 1 ladnsusulsslagmsiiudesdnvesnisnuiiavieiasirng Junnusiiu

Inafiunszuiunisninislianudou laun 1asesdninseu wnsedaurioulans waziAIIauwliugn
1808NANAIDIANTAIFUN 6

e I SH

sUN 6: n3dlAnw 1

nsglfin 2 lodin1susudadinununsinaainauns 12 @1 lnguSusunialagesiumis
Woaulvieguuiiialaveseiasviuu 30 eseniuiiangiuseniiiolan1AsousenaINAIUNLLT
U URaudagUn 7

Ny 2

ean
c
=)
'\"
)
al
20
=)
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nselfne 3 lvihnisusudsdaenissiunsdlfing 1 wae 2 medutiufe nsiiuYesdaves
Wi uiimvileuariiang JunnuazinAainauna 12 77 aeAeagun 8

=

sUN 8: nsdiAnwn 3

Aun1sAUANN1TIVA

n1sd1aesnisinanaznisaremainueulasldlusunsudnsaguaunamansvesivaids
Awintuluitenunlunusenuuumadamnssunsg fauasain sas7 dauuiug waz
PIYANDUNTIYTENINNTINY

Wesanmstravesonialulsanudunisinanuutudau (Turbulent  Flow)  danuluy
NUIBln WBnsieagvensdluan (Reynolds Averaging Navier-Stokes, RANS) unldfiugunisnis

44' P VI = 44' a Y DI
wwaeunvesnsivauuutudiu tiewdasaunisnisiadeuivesnisivasvuiudiu Wegluguves
Aade tnsauyRgiuvesddeilaun iWunislnandadlild (Incompressible Flows) uazilu
Y d < vo &

an"13gAI (Steady) annsalsuluaunisluguinugaslanail

AUNINYNITWIA

o(pu)
OX;

=0 (1)

oy 2 Ao anuruiluuYewedlua daun Ui waz X AeAiAnuiiads wazAunuiiaain
AUNTISIUUUAY

a(puiuj):a(e)+g(ﬂ(%+gﬁ+3(_pm) @

OX; o% 0% ox; X OX;

~

lag?l 4 war P AeduUszAnsAUviaLazAINAUAINEIU duTuaunslumuduiigniaieeie
Bnsvensdluan dreanaunisluuudundildldagniade eeiniinadiinduiesainnisly

FBnswdeveasdluas fe wataudwsdluad (Reynolds Stresses, uful) Fawauiinduilidu

cd a £ A Yoo A a X 4 1Y s v v e & a Y o 1
WQUVILﬂﬂsUULUENJJ'T‘i]"]ﬂﬂ'TINﬂUUUUVILﬂﬂsUu IﬂEJW"{]UWT]?LILWULﬁﬁuaﬂNﬂ'ﬂleaNWUﬁLﬂULGUQLﬁUﬂUﬂfl
Y] a = = a & a .
9MI1N15L A8 ULURIANLATEA %QﬁqllqiﬂLSUEJULﬂuallﬂqimqmaml‘mﬁqusﬁ]@fl BOUSSIHGSC] (1877: 46-

(%
v A

50) Ay
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a ou; GUJ 2 auk
pUU; :,ut(—'+— —§5ij pk+,uta (3)

InefiAn Eddy Viscosity (4) iupnuduiussyninsamasnuaativesaiududiu (k) wazaA1ensn

N15aRAIYRINEIUIANYRIANUTUUIU (&) @ unsaleuls el

2

M:PC;,?

LUUD1a09AMUUUUUBEN k-
TngaunN1snasuIatveInNulutu (k) Weulaeadl

k ku;
o(p )+6(p ul)zi({y+ﬂ]%J+Gk+Gb—ﬂs (5)
ot ; % oy )0

[

AUNTTONIINTANAIVBINAINUAAUYRIAMNTUUIU (&) Weaulasadl

d(pe) o(pew) o 1 | Os ( P )g €
AP O ue 2 1% e 8(G,+C0G, ) |5 pC, & 6
P + o o M+  ox + slk( k T3 b) K P 2 (6)
Tneil
—( ou;
G, =—puu.| — 7
k pu,uj(aXiJ )
p Prr 0%

dmiuaaaiinggluaunsazAImves Launder & Sharma (1974: 131-137) lag C,,, Cy,
C,,, C,3, 0\, 0, WAz oy 1A1 0.09, 1.44, 1.92, 1, 1, 1.3 taz 0.9 AUEIAU
dmsumsaunaatgaumgil aunsaAulalagldaunismdsau (Energy Equation)

0 Tu;
Mi[&}s ©)
OX; % | 0%

dwiu T uar ¢, Ao AnguMQiiLarAIAINYANTBUTUNE d1U s WAUNITHERAINSEY

dmSUaNNIIAIVANNIT Akar Mgy ilideiiies (Discretization) laeseideuds
U1 5311a (Finite Volume Method, FVM) wazleiduszananaluu Segregated #aund1nsu
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nsuidymiidanudsazanudusausuduldld sedevds SIMPLE Whanufdamn (Patankar
1980)

sufoudsidafiauuuuring (terative Method) Idgnisnuitigmiszuuannisfivade
(Algebraic Equation) ¥83Ugymn LLazﬂ"lmigjL%”]G&Jaq3zuuauﬂw35uﬁwmumiﬁﬁ1ﬂawuLLmﬂm”N (Error)
foeliAasnin 0.0001

nudTeidenuuusiastnnuiiuthusidadnss Wewinswaunsalunsiwanduun
Tnginslduuusrasswiaivlildnalunmsinntosniuuusy

NAN15398LaZaAUTI8NE

Han1sANwIveInIdlAne 1 wag 2 gnunausluuwdilu wndy winssu wagauy (2559:
102-109) @ usunanisAnuiuauisedlainansiine 1 way 2 Y USgudigunig nSNIeaNeey
YDIANUFIVOIDINIANTZAUAINGY 1.2 1uns veansdlfnwvisnungnuansluguf 9 wuiilunsdl 0

a & o 2 & &g A Vv & A
wag 1 uSasnauningiaviuiaudidu 0 lngaseunquitufininninfesay 20 veaiunlsau
milidunaiieanniiuiisinangnisianvaulaensesdns ifiawinlvg daundmsunsd 2 waz 3
tuiinsivaisuveseiniaininedrniulddaan edrslsinuidmugaduanegluuinnid

a ° ) ~ & o v Ao a a a =
WA3BIINgInal dmsunsal 3 dunigueuniiteateiinisivaisuveseniainiingd 2 sy
anaseuusdldluasenlunieusneinisuandadiamanuiiligaliesinuinudingngnisieg
LASDITNTUULDY
N3NTEALAIVBIRUNYNVDDINIANTEAUAIINGY 1.2 Wns YoensilAnwIignuandlusy

10 dwi¥u n3dl 0 Wunuaailgaumgilasnnpeusnaiiiinesmanganay Tuusiinveansiadn
73,4, 5, 4as 6 WoRINUIUTINaLTUAILII8 WIBULRLN LA389dRTASaY LavimNaUYiaUY
lave dewalvilgaumaiigendnuiiiuduegedaay willevihnsitadesssuigeiniadiinsd 2 uag 3

tudsmaligamalianasegadaau seiunsdl 2 Mfannudivesemaluuiaaluesemungiinay

[

geuusrrgaugililaanasnsgldiinisszuigeiniaseusenlunuuendwmalviianisasauves

Y 9

=

Qe

AMUSaUlUUSIUAINETD
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JUN 9: MawlSeuiieun1snsyanefiveanusdnsunsaiAnyIA1eY
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stz ATNa s ATy ATRel afofl 7
2 fguieu 2560 aantunsdanatioyonada
msnsraeiavesanuiiniglueinisie 8 gagnuandunnsnedl 4 uazguil 11 wams
nszAEfIvesnuEveseImAnelueswu nsdiine 3 Timeansivesenafigaiiannin
nsdifnudu dwdugatndl 3 Adergendnsdduds 3 whiuduiownaniidwesinauedlndiy
innefdmalidigduogimnn dnsuaiamimesonimadensdfnm 0, 1, 2 uaz 3 léun
0.50, 0.50, 0.88 waz 0.95 m/s
dsunansineiluged 1 dmiunsdiinu 0 Aeanudauganinadfinm 2 uay 3 by
Huraunann fadananeglndiuussgmadnenasuasilsamuiesdifideedlndnsia Talnanseny
yosaumeuaniiiaiiotns uilumssiaosnisinadu ldldmuunrvesussauiiiaiiienas dea
Tinnusilunisinfidngindinisdnasenisiva

a 1 <@ e 1
M99 4: LAANAIAINULIIAN 8 0 VBINIUANYINING

ANULSaL (M/s)

ASWANW 0 ATAN®Y 1 NSUANWN 2 ASMAN®I 3

07 1 1.01 1.10 0.99 0.88
w9 2 0.67 0.55 0.98 0.80
W 3 0.72 0.79 2.40 2.52
Wi 4 0.04 0.00 0.87 1.48
w7 5 0.17 0.19 0.23 0.11
w7 6 0.08 0.04 0.19 0.31
Wi 7 0.09 0.09 0.15 0.25
w7 8 1.24 1.22 1.24 1.24

3.0

25 %

—A--nsdlAnw 1

20 fj\ —O— nsiilAnw 0

El's | [J-- n3aiAnw 2
= i
L g
< —se—ATEIANY 3 F
T1.0 A
=
05 A
00 R W

qmﬁ 1 ﬁgmﬁ 2 gef 3 a4 a]m‘ﬁ 5 qﬁﬁ 6 w7 9N 8

JUN 11: man1slSeuiiuannudivesennmadimsunsaldnwisingeg

G 216



v
o

ndsvgaArn1sseAus Aty gyadast asei 7

2 fguieu 2560 aantunsdanatioyonada

a =

=2 ! A = 1
’qm‘wﬂu8 0 m@ﬂﬂiﬁlmﬂ‘lﬂ’]@ﬂﬂ“']QﬂLLﬁ@\ﬂuWﬁ']\Wl 5 LLﬁBE'U‘VI 12 INNANITANYINUIN

Y 9

€

ISR adl

nsdifnw 3 duilgamailassiuganiingddnw 1 wilugadl 2 waz 7 awnsnangumgils
1 2 °C Tngtszanal deFouiisurgumgiiveansdldnw 3 uaznsdfnw 2 wuiinsddnw
3 wansangamgdiisinit iesnaneinafeunislulssuiuannsnszuneluaguenoiasld
danalildiianisazauvesninusaunielueiaig é’m%’umqmmﬁLaﬁamaQﬂiﬂﬁﬂww 0, 1,2 uag 3
¢ 34.65, 31.81, 32.32, way 31.61 °C awady lnensdidnwl 3 anunsativanguvniiadelids
3.04 °C

A1519% 5: Lanr1auvinll 8 90 veansalAnwIsinee

gaumngil (°C)

=2 =2 N2 N2
ASUANEYY 0 NTAUANYY 1 NSRUANW 2 AFaUANYI 3

Wil 3321 33.18 32.84 32.85
w2 3374 31.30 29.49 29.01
W3 3510 32.17 32,66 32.44
W4 3609 29.89 32.66 30.78
W5 3641 31.49 3274 31.39
Wi 6 3526 30.37 33.39 31.45
w7 3421 32.89 31.69 31.89
W8 3320 33.19 33.11 33.08
39.00
L —O—n3fifnw 0
37.00 N AsdiEneT1
F e[ nafAn 2
3500+ e psiifnu 3
<
%33.00 1
a | ! [Jeemeeeeea
5
'_
31.00 +
29.00 T X T T T T T T

WAl @A 2 @il 3 ‘i‘ﬂ‘ﬁl a ‘Q‘ﬂﬁl 5 qm'ﬁ' 6 Qﬂ'ﬁ' 7 Qpﬁ 8

sUN 12: namsilSeuiigugaumgildmsunsalnusingg
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Tuduvesmailuldasadunsusediuaiddnslunisireinauuaznisvideaaiiessune
Ardouldgnuansdiansadl 6 wag 7 dwiunsdifnend 1 dalddendnqassdinldudmsionon
wﬁfqLﬁ:uu,azmi@@&?ﬂﬂssaﬁauﬁmu 2 vy dwalianldanesuilan 288,800 U lunsaldnund 2
FuAlFireasdifiensgunsalansliuasalassguinauuasialdaenu 52,430 v aavely
nsdifnwfl 3 dufimavhdeslnszuneanufeusaufunisireinauriliialdae suiiganiie
ae TRt l¥ane5m 341,230 UM

M1319% 6: 51ANUTEEUNTUSUUTISEUUTIUIERINAN S 1

578n15UsEUNSARAIUsEALiY 31A7°(UM)

s18n15UszaduteslanuiiAvile 120 AN319LUAS

- 91PUUUsER 1 Ul (500 UM ASH) 12,000.00
- IAUsERIUTIN 5 U 60,000.00
- AnnapsnudseRau 6,000 feu 30,000.00
_ Ay 1000 U iudn 1 endeunu (Mhaiu 3 was) 5,000.00
_ Afinse 30000 U/ UTY 15,000.00
i’lmamé’jwiz@ﬂauﬁmﬁﬂmﬁa 122,000.00

v ] a 1'% a

578n15U5ARIUTDBUANTUNANZIUAN 88 A1TIUNT

Y

-51A1UERIIUYUIN 6*4 LIRS F1UIU 3 U 36,000.00
- IIAUTEREIUULIN 4% WRT I 1 U 8,000.00
- IAUTERIUTIN 4 Uy 44,000.00
- Andesnulseaau 6000 feulu 24,000.00
_ dania 1000 U BN 1 t@deuiu (MAafu 3 wes) 4,000.00
_ g 3000 VMUY 12,000.00
i’lmaﬁﬁ’jwizaﬁauﬁmﬁﬂmi’um 84.000.00
sremsIoneantienmsiilodnmsuiuTing 208 Ay, 208.00
1AL IenennionA st dnss LN IS awAsay 350 72,800.00
S1eMsALSIUAssLATuad 10,000.00
sAdfiun1suTulsaitatiutadn 288,800.00
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2 Nﬂu’mu 2560 ﬂmuum‘s@@m‘sﬂiyiyﬁ (204

A58 7: S1anUseiiiunsuSuUgessuusEugeInAnsal 2

Temsianildyalasgiwieay 1 gn  dwiu vy sieum)/vdle

Cwdnndewiun L2 ud wum Liax1da 2 du 13086
_wnnaeaiun 2 1. vun 2 9 x 2 i q Fu  401.87
_ Ausaidonsznauuaznd 1 Fu  1,500.00
- A swardangUnsallunisiiuansla 1 4 1,000.00

IIMTIUALYN  4,369.16

suAMIUNITUSUUTATIgIUWARUNaVINA 12 7 52,429.92

NnransAnwIvesnsdl 1 annsnangamaildinnniusliaunsadiuaanaulesinli
nsinaiguvesenieiitey mammammammwm%maumemwmumlwmm 2 9 @130
ilvirluaadidnieludionasia aawalﬁﬂumwgumsmaqm@mwaqLﬂmmmmmmm-Uml@ e
dosfusuaainmelueaslurisgguudesdnisldsutszanalunsdiiunisgs daunmsidves
Dndudmwalidsstannnszuaunssdeinissuniudelssnuinaies faiinnudsdiazgnioaden
1§ uenanilyarameuenanunsseadiunszuiunsnanmelueasisselddndae
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ABSTRACT

This research aims to improve the system of raw materials paper roll disbursement in
a paper core production plant. The researchers studied and collected the data in the raw
materials warehouse; there was a loss of raw material disbursement. The fish bone charts
are used to analyze the problem. It was found that the cause is that employees spend a lot
of time on raw material disbursement since there are no clear responsibilities in raw material
disbursement process and a long distance to transport raw materials. Researchers solved the
problem by improving the process of raw material disbursement by defining the work
assiscnment of each employee and designing new layout of raw material warehouse to
reduce time of employee’s raw materials disbursement. The results showed that
disbursement time reduced from 80 minutes to 45 minutes or 43.8 % reduction and paper
rolls transportation time reduced from 25 meters to 12 meters or 52 % reduction.

Keywords: Process Improvement, Layout Design, Work Assignment
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ABSTRACT

This research studied a manufacturing process in paper core production plant. A
set-up time for a core spiral machine in a paper manufacturing plant is a main problem
that affects directly to quality and cost of production. The long set-up time causes a
delay of production planning. This study shows the applicability of quality improvement
technique in reducing the set-up processing time in a paper manufacturing firm as our
case study. The analysis shows that the complexity of operating procedure causes the
waste of production. The non added-value of working consumes 230 minutes regarding
32 processing steps in total. The flow process diagram and SMED technique were applied

to investigate and improve the working procedure. The improvement result reveals that
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after decreasing the working steps of production, the company can reduce processing
time from 230 to 145.1 minutes with only 20 processing steps in total. In addition, the
case company can shorten the distance between working station from 48 to 10 meters.
The main advantage of eliminating waste is the cost reduction. The company can reduce
labor cost (166,097 Bath a year), and also down the cost of late delivery from 302,353 to
20,887 Bath a month.

Keywords: Time Reduction, Single Minute Exchange of Die (SMED),

Process Analysis
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ABSTRACT

AOF Electric & Design Co., Ltd has conducted the business by import electronic
components to distribute for the customers in Thailand. Most value customers are
electronics manufactures in Thailand and some upcountry distributors. The case study
company is dealing with logistics cost management problem, originated from several
customers’ locations disseminate around Bangkok metropolitan area as well as in some
suburb areas. This can cause inconsistent logistics costs and higher unexpected costs for
logistics expenses. From aforementioned, the company therefore aims to decrease logistics
cost in parallel with increasing sales.

From literature review, the new vehicle routing tool, easy and very efficient but yet
used in Thailand, is proposed and denoted as Optimap; developed by Geir K. Engdahl,
Norwegian program and website developer. It was designed by using google map collaborate
with Ant colony theory (when the destination points more than 16 points) and dynamic
programming theory (when the destination points less than 16 points). The advantages of
this software is that the calculated vehicle routing is obtained using real map, real streets,
and traffic conditions during transportation.

From the experiment using Optimap with case study data set, the results show the
improvement from existing planning route; 9 routes per week, total travel distance is 1,275
km. and travel time is 48 hours 21 minutes. The obtained results are reduced to 8 routes
per week, total travel distance is 1,149 km. (decrease 9.95%) and travel time is 46 hours 49
minutes (decrease 3.17%), which leads to overall logistics costs reduced around 9.86%,
approximately. Furthermore, this means the faster time delivery and better customer
satisfaction, which increase more opportunity for expanding the business in the future.

Keywords: Optimap, Ant Colony, Dynamic Programming
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a A
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1o edaudluofinfisBudunutigmyuluaasudloaunseitidsagtuduilusunsuiignitam
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mmzamﬁqmﬁawmmmwﬁ laid1anduisnsdauuussuiu (Cutting Plane Method), 35us1ud
WauAUT3 (Branch and Bound method), 38n151auu@ng (Genetic Algorithm), 3811558 ULNA (Ant
System Atgonthm) aﬁmimmmmmmamgumﬂ (Pamcle Swarm Optlmlzatlon amﬂ,iﬂmu
Tugae 45 Yndedd mmasmmsjq%ummmawwmmﬂmumstsmﬂmaLLaJ‘U (Google Map) R
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g1 InsuA(Ant Colony) kagdsnmuaniswain(Dynamic Programming) vinlinssuiunislu
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AURUAZINAUR, 275975355195 (ISSN: 1906-3636) 71 4 atufl 3.
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VRIUNNBANEINIUNITNEINTAIOYNTULIAT
Using Data Mining to Increase Gifts and Souvenirs Sales Based on Tourism

Demand of Times Series Forecasting

o a a *1 o o £2
NaUMNATA WuNa1 -, ims13s 9AdnA

Koonthaleerat Pimpila, Pattawut Wongsak

“aauzasmans uninendesivigwesysal
1’ZFacuL‘cy of Education, Phetchabun Rajabhat University

*Corresponding author, E-mail: moopop2909@hotmail.com

unAnga

mAteiifignUsrasdiiofiusonnisnisdudainns Tiesgimnnganuduiusinysanis
SfumInensaioynsunavessenidufvewinvesisydn ludminmusysallnonsiuniles
foya FeIsnmsieseimngenuduiusiagldds Fe-Growth Geiane) nduthngauduiusi
I negiiteriluslududaaiunsuosmiunsneinsaioynsuian Time series (oiamz)
foyaiildinaneenonansusiuzuulssudoundsius 1 1a. 2556 - 31 5.0, 2559 LHuduan
W9AW 300,765 518715 HadWEINNIsMINgANdutusvesdufvesinvesiiszdn 1ing
ANuELTUS (association rule Fetawns) ARTigad A 5 ng MnNAUMTAILRTIan Tangasduius
fflsenuuifigao aumiinadeviagliiiu 100 vw Yndnsensdaaiunsuieilusiugu
wardniseadudn dmsunisnensaleunsuiian (Time series) Wunstideyanisviedumdounds
Tuusagdumivdasnariveduinaiigalaoutsdrenisuisesndu 4 lnsuna lasinaas 3 oy
wadnsalFnnsmensaleynsunanivsnaveduiiigaeglulasnad 4 uazlnsunad 1 ves
uiard HadnsainnsueAudaunganuduiudild ludanasduiiafanluudazdyil
paBAuATRLTY 9 200

ABSTRACT

The purpose of this research is to study the analysis of Association Rule and Sales
Forecasting for gift and souvenirs marketing in Phetchabun using Data Mining. FP-Growth and
Time Series are employed in the study. The sales volume data of tamarind based products
is collected from January 1, 2013 to December 31, 2015, 300,795 items in total. According
to the finding of association rules, it shows 5 strong relations. Regarding to times series
analysis, sales volume information from the previous years is extracted to indicate the peak
selling period of time divided into four quarters, each containing three months. The result
presents that the peak selling period of time in each year is the first and fourth quarters.

Combining both findings, it would increase 20% sales every year.
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Tudagtudminmysysal ludminfiidoides mamsvienilen esand aauiivieaien
natsussanuiiMenfisamalseRmansuas Tamnsssn 1wy gneulsziRenansadinn uas
aouivieadisamnessamAiatsay ety gretuwissftmun wide seagiiuidn Wudu v
TSnaiinviesflenfidnunBeumuminnunussanminieludoriamessysel Wanntunnd e
afiAnnsd1saves dinuisafisnazimndaniamysysal nuirUiunainvienilsy fusunailsl
Winfumaent awadd dnviesiieafidundous amuanuneludmiamysysel ssiudinumnn
Tuthafeu naednieu - Prsuaeieununiius nuadd dusd 2554 FeuTaadnviondlen du
aoAndsfiyu 119n9nNa vesmandnuzv v nludmiamesysal dadulenalunsneduduas
NANAMNEVINNIL VoanwRIng wazdadulonavesiiudn Aegmuaniudivieaiied Feildud
UssinnuesiissAnusydnviosiuvdoanuiiviondioniug orfitu wasnuue Bundn uwaidin sy
wsiluniduasandunuiiym WesanuSinunisueduiuzaunyssy way dudiissdn ndu
gaansue lidenndostusiuautnvieaiionfiistu Weann ndunumsns wagdud ldléviins
JATIEEANFRINITveUsiaa Liladasie Usunamsssuiedud vangausugiwan n1s
faFoantifuuagnisdannedud lidufiauls 3ndslidnsdaadunsneiiaeandeatuainy
Fosnsvestinviesiien

FifeTeduundn ingenvsdumliiunduiuszneunisiumuisvearinuesiiszdnanm
anuiiviesioaneludminmesysalannsinnenisduaiunisvisduilas msviunilesdoya
frennsmingauduiuivesdudt wianguaudiaiusiadeniagaintiui Lesizdning
Arwduiudilevaudiineifianuardudigniesiuduinniian fnssuiumsinseitoyann
wqmmsmms%aummaaw'usim f1sanndeyanisvigdumdeund inluiadeusesriu luds
FoduA1 mAuduiusvesduiluudarsenis mﬂauaummﬂ%samuuaaff[,umqqmma IR
USinauinvieaiiles arnmsnennsaleynsunan eifinsennisvie TuguuuuTusludu dangududn
faspsduiuutundiiauaenadesihesensidondenulinangarudinius

NUNIUITTUNTTY

nsviumileadeya (data mining) #399193¢138031 MIAUMANLSIugIUTeYa (Knowledge
Discovery in Databases - KDD) LﬂULWﬂﬁﬂLﬁaﬁumgULLUU (pattern) %a@mn%uﬂaﬁ’lmuumma
Tnesolusih lagldtuneuisaninadn nisfoudvonnios uazmsdsuuy vieludnienumils s
milasdeya Ao m‘vmums‘wﬂﬁvmmﬁuamadmmﬂwmvummumﬂ) Lwaﬂumimmu WUIN
wazanuduiusiivousglugateyatu lnserdondnada n133d nns3oudvenios uaswdn
AIRAERS mmg‘mlmmﬂmﬁmmmawaaﬂammagmmu Lo

nsutangudeya (Data clustering) wisdoyafifidnuaadeiuoonidundu ulngugtaed
Bulsaifenfumudnuazeins e ldusslovilunisimsizsimanvsuedsa Tnefiansanain
ﬁﬂaaﬁﬁmmsﬂé’wmﬁﬁu (Kamberand and Jian, 2015: 1 — 25)

NANFURUS (Association Rules) vanefis n1sAuAdmANduiussEnIetoys 1y
semsdudluasafifinnsdondoudu Wudu uaskavesnisinmeiauduiusasdsuuuuasd
Formun Humanudeiu (Confidence) waANatuay (Support) sufuadiuenauniede
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wazAuutiugweang L Taengfildasdsunuuvesmnuduius g SloTevesethmilsay
Hovesdnetaniianuandnennuiulafiesidud (anavs, 2558 10-12)

N1TIATIEVBUNTUNIAT (Time Series Analysis)

druUsENauYeIeUNTULIM

1. Awwildfy (Long Term Trend : T)  Awwildudunisuansfenisiadeulnivie
Wasuulaswastayaluszezen Wy UmumsldliihuesUsamalne  Uiinaninididsuiy
Dusiu

2. AnsuwdsAuganIa (Seasonal Variation : S) mnaﬁaﬂmﬂﬁaul,t,ﬂmmuqama lng
Andudn 9 fuluseu 1 T aunansdusuuusuiensy Wukandnd1iasgdlutaslasunansnyosd
gomunsrasisasTnaudargddudicUated, Hudu lumslnsesinmstusnungniatazia
panintugUvewiviigania (Seasonal Index)

3. fmsifulysnigdng (Cyclical Variation: €) vaneda matadeulmidulunmiging
(19U 19n55509) 6“3@m3Lﬂﬁauluamm"‘;’g5ﬂi§ﬁ]zﬁé’ﬂwmzﬂﬁwaﬁumsﬁmmsmuqq}ma TERE
sUzRATEUIUND

4. msfuuusidesanmnnisallaiund (rregular Variation: 1) nsfuuuswiiailaiuvuou T
anunsaranisallaansmth wu Susssuvd, asnsy, msdangeau Dusu

UBYADUNTULIA o1aldsudvnavesiadeiiiudinuszneuveseynsuaie 4 Jadevie
dinsthdelatadendarhdu malieneitimsuenieseifiastads Sdufitasndninisiesei
Tadyruualiy LLazmﬁuLmimmqqmawh‘lfu
IngUITaIAvaIn1IvY

1. duaSunmsveduiveshnuazyesiissansiensiumilesdoya aunswensaloynsy
I8N
2. \ilednovoamaluladitunisviilusludu nsdazesdud aunganuduiusinle 4

Y

nasnnang

ASandun1599Y

- Data Preprocessing

- Data Transform

'Association Rule] Time series ' Analysis

AN 1: NTOULULIAA
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21nawd 1 1Auteyaainluiadaludsvenimiudastieglusunuuyesniss Tngduiin
51811590 uluniazsnismusiuIun1ste siavedentae Weldlunisiasizining
ANENRUSAY 75 FP-Growth 27nlunnTu Rap|d Miner aluswnsu Rapid Miner 9¢11@1 Support
uawfin Confidence firflaavoswenneAudaunssdduannlumiion maawavﬂﬂmﬂmim
npaudiius fAteldngarudiiudtomnnd 5,000 Memsuidenngaruduiusiafiandio

TlunsdaaSunisveiiies 5 ngANUdURUS douINTEUIUNMTIATIEBYNTULIAT (time  series)
fdelatufinsonueaudlwogluguuuunine Tasldlusunsy Microsoft Excel antuutsdoya
yarmsueduiluidaztesniiu 4 lnsunauagmen fulauggminitevasnafivedudilsd
flanlura9d nduisadnidldannismngauduiusdaldngauduiussiui 5 nguild

SAUTIIATIVIEATIaANUNTNEINTA]

ASSOCIATION RULE METHODOLOGY

Transaction D Iterm

Pro 03 .Pro 01.Pro |

oa

Pro 0Z.Pro 03 Pro

05

Pro_02,Pro_03,Pro |

01

Blw N e

Pro_02,Pro_05,Pro_

01

Pro 04:1

dl 1 L v (3
AINN 2: AN SupportlasAINUAUNUS

d' ! = ° w
NAINI 2 LEAIN1TKIAT Support FelldrudAgyiia

v

aum

NULL

pDrt

Pro_01:1

‘ y Join the community

| & Repositories

= L§ ~ O

& 3} |mpnri‘ Eyral Shast

&% Import Binary File...

FHEHEHEE
R o

Import a CSV File (.csv)into a
& |mD(11T7_Trl)W|_ e ( )

4} Import Access Database Table...
% Import Database Table...

Amd 3: TUsunsu RapidMiner

ﬂiuﬂ’]’i‘w’]ﬂ%]ﬂ’J’]@JﬁiJWUﬁ?JENi']EIﬂ'ﬁ‘d’e]

A i 3 Tsunsu Rapid Miner Binsizideyangidewdasgusuunisdaiulvedlu

JULUUTDIR5 N Bausiazuannstad (Attribute) TAvestoyaiiuliluudazuonnidog

Aldanu

aunsaidnfiadayanu Repository lfeaveudetugudeyalaense duuieuianedtaesynioya
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downluldluy ey nshmsieimngauduiug nisuvingudeyailusu vinli Repository
anansayadoyanivainiaty wlsnuauwsngausun s luly

ey
Bl e U

5]

e

L

|‘l -t il

levsln Armuvi

F‘I

b

AEL] il

=Y

a A4 A&y o o ¢
ﬂqWV|42Wﬁ@ﬂuaﬁTNﬂQﬂ?7NaNWUS

91INNMNA 4 NFEUIUNITTBIlaBLIMRSTIlgMINgAUEUTUS

AssociationRules

Bzzociation Rules

[pro_001]
[pro 001]
[pro_001]
[pro_001]
[pro_001]
[pro_001]
[pro 001]
[pro_001]
[pro_001]
[pro 001]
[pro_001]
[pro_001]
[pro_001]
[pro_001]
[pro 001]
[pro_001]
[pro_001]

[pro_ 006,
[pra 004,
[pro_004,
[pro_003,
[pro 011,
[pro 011,
[pre 011,
[pro_ 011,
[pre 011,
[pro 011,
[pro_ 011,
[pro_ 011,
[pro_ 011,
[pro_002,
[pra 002,
[pro_002,
[pro_002,

AN 5: HAaWSNYANUFUTUS

1INAMNA 5 LN ANNFUTUSAL Feadnsnlanvsuansdnduiusveduai

pro_003]
pro 009]
pro_008]
pro_008]
pro_ 0032,
pra_007,
pro 008,
pro_006,
pro_ 003,
pro 005,
pro_004,
pro_ 004,
pro_008,
pro_006,
pro 008,
pro_003,
pro_ 003,

(confidence: 0.397)

(confidence: 0.397)

(confidence: 0.397)

(confidence: 0.397)

pro_003] (confidence: 0.38T7)
pro_008] (confidence: 0.38T7)
pro 003] (confidence: 0.387)
pro_008] {(confidence: 0.38T7)
pro_004] (confidence: 0.387)
pro 008] (confidence: 0.387)
pro_008] (confidence: 0.38T7)
pro 008] (confidence: 0.387)
pro_008] (confidence: 0.38T7)
pro_005] (confidence: 0.38T7)
pro 008] (confidence: 0.387)
pro_008] {(confidence: 0.38T7)
pro_008] (confidence: 0.38T7)

¥
YA

Uogqnioniu eaziissasuandumivendusudunsnlay dnm 29na1 Support &slu

Y

3

Nnu

(%

HYeinizie

a 1Y

dUA

5% Pro_001 Uududfunedingn Ao uswiuagnuinia 511 99 v antuivelauntedesiy
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' 1%
=

loun simdumsenile JULUUaUA wag leun15dninedun Weleszvimduiusvesdusnazae
Fauiu dune laanen confidence sagliingaiuduius Asnw

A15199 1: NAGNSNAUAUNUS

nHANUFNRUG FEaZdANANUFNNUS

ﬂgﬁ 1 pro 001 + mmmqﬂ‘f’]ma 59A1 29 UM VeANU Ngumgniag

[pro_005+pro_006] 59A7 29UMUALLYULEAZIA5IA129UM ( T1aTlalAy 100
U)

ﬂgﬁ 2 1 pro 001 + mmmqﬂ‘f’]ma 59A1 29 UM VLANY mmmqﬂﬁwma

[pro_004+pro_009] 5101 29 UMLagIINALIFURNNLIINTIA 99 UM (51A1
laiiAiu 150 vn)

ﬂgﬁ 31 pro 001 + mmmqﬂﬁwma 59A1 29 UM VLAY mmmquwma

[pro_004+pro_008] 3IA1 29UMLATNLVINOULIAITIAT 99 UM (31AlilLAY
150 vn)

ﬂgﬁ 41 pro 001 + mmmqﬂﬁwma 59A1 29 UM VLAY WINaLagURN

[pro_009+pro 008] UZVIUTIAT 99 UMLATUSVINDULIITIAT 99 UM (57A7

el 300 Un)

Ny 51 pro 001 + UzvLAgNIAIg $1A1 29 UM VgaiU Ngrungniag
[pro_003+pro_005+pro_11] | $1A7 99U MLAZUEVININTIATIATL99UMLazUILUA"
39110 Um(51A kLAY 500 UIW)

A5 1 wanangAuduiusvesduAvIefniands Usv1uAaNtInIe 5101 99 UM Feuug
UAUAITUADUY)
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TIME SERIES METHODOLOGY

n1sweInsaloynsual Yeyantdlunisnensaleunsuian lddeyasinluada ludswes
PUNAIAIGA 1 w.A. 2556- 31 5.A. 2558 9ndeyatuluiaiuazludaves sran1sduindun ds

TRelmihnsiaTedeyamenisneINTouNTUIaLIMIYIIaTenvIUganvewsar Unsl

e e

@2

M19197 2: Yarnsugduaaaesieiy

Y udeayadounds lorzuna dard1nI1sue (U1n)
2556 1 437
2 234
3 325
4 546
2557 1 531
2 344
3 asaqa
q 599
5

2NM914 7 2 uanssIen e Auddoundaudd 2556 - 2558 luusaznguazgnuuadu 4
lasmaluusiay? Fddundaglnsunaazuimmduudousiniulusazlnsuna uastuiingadinis
yedudlunsiazifeulas mswensaleynsuan fauntslunisweinsal danswennsaleynsunan
Twdnnsmennsaided

= : , A v
19199 3: A1 Moving average UBIEUAN

avilggna | ¥ loswna | goavie(uin) Aode | Auadoideud
1 2556 |1 as7

2 2 234

3 3 323 385.00 396.75
q q 546 408.50 422.25
5 2557 |1 531 436.00 456.13
6 2 344 476.25 482.88
7 3 484 489.50 515.00
8 4 599 540.50 551.63
9 2558 |1 735 562.75 566.13
10 2 433 569.50 603.38
11 3 511 637.25

12 4 870
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INA1319% 3 UaRdAT Moving average 91NN5UANAALYDIEBAN TV IBUARY lATINE 117917
A1 gensnatsklduiadeinioull ienaaeuniaAl dutinisnensaldegania ieviin1snensal
gonuglasinasisly vesdum

AMTNENNTAUATULIRN

1000
300
800
700
600
500
400
300
200
100

2556 2557 2558

==—aaYll —8=gladuinfauii

AN 6: NIINLENIATLUILLINNNTUIANRAYLARDUN

10l 6 nsmvesteya nguuansnedun M edsuiivesuunliiueds Wiy
fugenmisvieduiluusiaglnsinais 8 lasuna axiFenidunsmdindunnliuedoveansme
msnenseynsunatvestoyadadun s lduedstasGulutslasunad 3 vesl 2556 Wuns
wanslifuinfoyaililunis wernsaloynsunarduiidnsasnisiedouiivesdoyaluzluvula
ndsaniuthedldannem auuliiedsluneinsaloynsuaa §3deldvinntsmeinsalounsy
w1 vesl 2559 TaenstiAn ST anAseht aunisn1sannegidadueg1aiie  (simple  linear
regression analysis) Aelusunsu Microsoft Excel ﬁmaﬁwéﬁﬂﬁ

il lannad samma(um) euads  euaasuRaawy @i @il wanuﬂu1n1¢41
2556 1 437 0.88 498.31

: 2 234 119 196.72 MINLINTAYATULIAN

H 3 323' 385.00 396.75 0.81 1.23 262.34 -

¢ 4 546" 408.50 422.25 1.29 0.72 763.62 pas

i 2557 1 531 436.00 456.13 1.16 0.88 605.50 800

' 2 3447 476.25 = E 700

v 3 484" 489,50 | Dote Analysis 9 600

t 4 599: 540.50 Analysis Tools - '_?‘-‘}

I 2558 1 7357 562.75 bt e

) 2 433" 569.50 E Cancal | 2

; 3 5117 637.25 = 100

) 4 870 ‘ i | ¢

| — g | 1 3 4|t i2

Renk ord Percentile M =8 ey 55
Regasio —— BRI e FUIADERALT
Sampling

AT 7: NSIENNNSaRnRNaNENSaleanw18l 2559
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NN 7 WelemuiamAgananaa e liRaeAdeunINN1sAUINE DAL

Tunmaglasung anduihumensalseanisuglull 2559 meisaunisanaey (linear regression)

NTUSHATU Microsoft Excel Hagnsuaan1snensainiaasadl

M19197 4: ANneINTalyaAINSUIeEUAT 2559

U lpsuna ANEINTLAAINITUY
2559 1 850.00
2 521.00
3 678.00
4 950.00

losunan 4 mnnsiuansdvihuegenviedumlul 2559 1llgenvienay

A15199 5: Nﬁﬂ’]ﬂﬂ’ﬁ‘v\l‘iﬂﬂiﬂj@uﬂimma’]

IINNTNYINTNBUNTUIATILA NTINUERITIIaNUeRNgatuusiasl oglulnsuan 1 uas

t |3 las | veavs | Aade | Auedeu | AW | waaw | Avdl Amensal
wa | (um) iAol wwdldy [ uUs | aumis | gania
0AnaeY
1 | 2556 |1 437 087 | 49976 | 35851 | 43500
2 2 234 119 | 19663 | 39050 | 237.00
3 3 323 385.00 | 401.63 0.80 125 | 26202 | 42249 | 34000
4 4 | 546 41825 | 432.00 1.26 073 | 74340 | 45449 | 570.00
5 | 2557 |1 570 44575 | 465.88 1.22 087 | 65186 | 48648 | 556.00
6 2 344 486.00 | 492.63 0.70 119 | 289.06 | 51848 | 34500
7 3 484 499.25 | 512.38 0.94 125 | 39263 | 55047 | 55000
8 4| 599 52550 | 536.63 112 073 | 81556 | 58247 | 612.00
9 |2558 |1 675 547.75 | 543.50 1.24 087 | 77193 | 61446 | 712.00
10 2 433 53925 | 561.88 0.77 119 | 3638 | 64646 | 501.00
11 3 450 584.50 125 | 36508 | 67845 | 550.00
12 4 780 073 | 106199 | 710.45 | 800.00
13 | 2559 |1 0.87 74244 | 850.00
14 2 119 77444 | 521.00
15 3 1.23 806.43 | 678.00
16 4 0.73 83843 | 950.00
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1000
900
800
700

2 S N

400 - F o
300 >
200 :
100
0
2556 255 2558 2559
N 4 AnsMENnIa

AN 8: NSLERIAINEINTINISUI8Y 2559

nami 8 aiulddn Wunsmildanneennisvisiud dnsiedoufituasmulasunaly
wiagd wasdunsmiinansduunliadendeuiivans Audsiuresganialuusiasl dumnsaiy
ImseynsunaveIMsIedudiinsindeuiiuusiunuggnia nsmdildainaunisnimeinsal
oynsunalud 2559 uazidunsmiildanngoanisveduidounds Seadaluusiaglnsunaingetus
AmnuAantAAoutesNIn uansliifiuianisweinsaloynsuiatfiutudt vuneauANIINg
wennsausieynsuaan Tl 2559 fenaniidetiogs

NAN13I8uaraAUIIENa

NAINMIINQANNETUSIUT fUszneunsufuveminiiszdnansluunasvionilen
Fan¥aumvsysal S1uau 100 $1uén Tudildnganuduiusdu 52 Sudmuindedudsias?
FufrdalusTududaaiunisenny nganuduiudles dnnduiaunganuduius fifsennis
Vefinfan 5 nparuduiug sedniilife duilnatoaudiidsansn 100 Sesumuniian a1n
dudniifien Support qqﬁqm wazidlednnedudeny sungauduiug wuinguslan AxToAuANT]
sensmiuudlaiiy 500 vininndtas lufidnuiudleddudaniamonmnedugioduganm
ngauduiug Snvatundnsenisansian azdiiliaudduiivennisvieiintu 10% e
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ABSTRACT

In this work, we developed “Cooking Pocket” application for gathering all the
standardized recipes in the application. This application makes it easier for searching for the
recipe and able to calculate the ingredients faster and more efficient. This application will
group the recipe into categories which can search and calculate the ingredients which
consist of 83 pages using hybrid framework application development which reduce time to

implements and can use on both Android and iOS devices.

Keywords: android application hybrid framework ionic ios
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nsAanwtdenldmaianiswennsal 3 wella lawn wedansususeudndliwuudsawuy
e, wmadansusussuldndluiuulyadansa wavmatan1susuissudndlunuuBsasuuIumes
v o & L. A o & 1 aa = a ' = a
melusunsudnsagy Minitab i maveINMINeNIalusay BN UTsUTs UM ALRREAIURANAR
U 3 1 d‘ a o L 1 d' ¥V a LY L4
duysad (MAD), AMRAYANUNANAIANANERY  (MSE) kagARaY3I88a8YRIANUHANAINHUY T
(MAPE) iAtioefiaasitenisn1snensainmanzaudmsunisneinsaluanuiglusuian

HANSANWINUININSNEINTAIFELNATANSUSUS s U NS lUBuuLBsakuuIumes Tiaade
SevazvasanuRananduysel (MAPE) ffign Wudtanu1saanmNuaaInaaauaIniiy 37.27%
WROLNYY 4.24%

ANdIARY: N1SNEINIalanYIe AoneInsalusus UL AGlnLLLLTEa n1sNeInTaILUUIY

6

WS

ABSTRACT

The research aims to study the proper forecasting methodology for sales forecast of
“Group A” which are the product group. This is to compare and forecast sales volume in the
period from 2013-2015 to 2016 including with to bring the forecasting results to apply with
the future sales forecast in order to decrease deviation.

There are three techniques to be used in this research: Single Exponential smoothing
method, Double Exponential smoothing method and Holt Winter’s exponential smoothing
method. After comparison by using Minitab program, the program presents the less
forecasting value of each product by applying Mean absolute deviation (MAD), Mean square

error (MSE) and Mean absolute percent error (MAPE) for further future forecast.
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The result of this research shows that the Mean absolute percent error (MAPE)

displays the appropriate sales forecasting result after analyzed by using Holt Winter’s

exponential smoothing method. Since the method can reduce the forecast deviation from
37.27% to 4.24%

Keywords: Reduce Sales Forecast Deviation, Exponential smoothing method,

Winter’s exponential smoothing method
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A58 1: Msulangududn U 2556-2558 lngltinaila ABC

- - . | yaenduan | ygaenduan | yaesiduan yaa1duan %UDI . 5
HUARUAT il2s56 jl2557 jl2558 573 31l yaadaudn AR | Se=dal
Aud101 | 1,446,439,965 1,137,000,630| 1,266,316,001| 3,849,846,596 2061 A 20.61
Aud 16 801,675,867 716,282,622| 810,134,504| 2,418,003,082 1204 A 33.55
AUd 05 840,301,647 | 674,624,400|  750,089,660| 2,265,015,815 1212 A 45.68
dus 10 804,233,820| 505,334,700| 696,110,300| 2,005,6783,928 11.22] A 56.90
dud 04 612,055,816 501,653,733| 555,100,197| 1,668,809,746 803] A 65.83
Aud 06 366,193,285  275,343,436| 324,550,324 066,087,045 517] B 71.00
due 19 351,722,540 263,950,031| 303,052,718 018,725,238 4092 B 75.92
dudn 13 281,452,864 | 233,938,200 253,307,409 768,608,572 411| B 80.03
dud 07 272,142,733 217,978,495| 250,497,263 740,618,491 396| B 84.00
Aud 14 216,932,946 183,002,325| 203,023,606 602,958,968 3.23] B 87.23
Aud 02 187,534,617  155,383,402| 167,904,851 510,822,869 273| B 89.96
dusin 08 163,575,674 129,520,648 149,270,002 442,367,224 237 B 92.33
dus 03 118,288,782 94,295,399 | 105,155,393 317,739,573 1.70] C 94.03
A 11 96,381,518 88,033,952 91,310,172 275,725,641 1.48] ¢ 95.51
Aud 18 81,564,652 65,380,996 74,045,338 220,990,987 118] ¢ 96.69
Aud 09 68,175,956 53,636,052 61,689,645 183,501,653 09g| ¢ 97.67
Aud 17 60,101,081 41,350,319 46,835,337 148,286,737 079] ¢ 93.47
dud 12 50,161,936 40,620,655 45,684,877 136,467,468 073 C 99.20
dud 20 37,001,192 28,032,425 31,962,575 97,086,192 052 ¢ 99.72
Aud 15 19,555,524 15,734,020 17,762,871 53,052,415 0.28] ¢ | 100.00
521 6,065,582,422 | 5,511,186,648 | 6,203,804,223 | 18,680,573,293 100 -
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A15199 2: HAN1SUTHUMIEUALARIAAABUYBINISNEINIAIAUAINGY A

AYINAATALAABUNAINIS
Hiiadua AlAAISWEIASaL wmnsa
MAPE MAD | MSE[E+9)
ArsdsuEomangTiduuwmdoauuudin 18.62 | 17,111,500 | 601,127
aua 01 asdfussundnfiluuufinagadada 1937 | 17,215,100 | 623,784
arsUsuFoumdnflduuudnawuuiuinas 956 8,115,210 | 104,242
AsUsuamdnsTluunudioawundin 19.03 | 10,866,900 | 201,450
aua 16 asdfucaumdnfilnuufnagaiada 2042 | 11,223,200 | 220,455
AsdFuGaudntfiluuudsawuyivinas 1487 8,173,830 | 105,862
ArslFuFaud ndlduuuedaawuudin 2022 | 10,887,600 | 222,602
duan 05 msdfuEFaudndiluuudinagasada 2238 | 11,154,000 | 234,603
Arsdsudoumdndiduumdsauuuiunas 15.56 7,833,000 | 104,749
ArslFuEamdndidunudaawuudis 18.58 8,738,700 | 142,638
duan 10 arsdduBaumdndTluuudnagainia 18.96 8,799,380 | 143,531
arsUsuFoumdnflduuudnawuuiuinas 1857 8,673,150 | 109,789
AsUsuamdnsTluunudioawundin 21.73 9,226,640 | 123,330
auA 04 msdfuFaundarTluumdnasasasa 2291 | 8984130 | 112,948
arsdfudouandTluuumdoawuuiuinas 058 3,530,280 | 16,885
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Winters' Method Plot for duen 10
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A1519% 3: N1ANAINAANALAABUAINNITNEINSAIERRY8T) 59 AeASn1sUSUSsUENS UL LU A

WUUIUMBS AuA101

. dudnol
Lhau

gaawannsal HETE ] HAG T (UMW) @1 error (%)
Jan 77,403,568 100,216,556 22,812,988 22.76
Feb 80,726,825 82,049,367 1,322,542 1.61
Mar 83,234,413 85,609,920 2,375,507 2.77
Apr 73,438,477 82,106,051 8,667,574 10.56
May 96,879,276 115,055,742 18,180,366 15.30
Jun 133,949,899 128,464,879 5,485,020 4.37
Jul 145,830,020 136,413,277 9,416,743 6.90
Aug 151,959,992 127,662,704 24,297,288 19.03
Sep 148,873,934 126,808,239 22,065,695 17.40
Oct 150,490,314 131,081,290 15,405,024 14.81
Nov 192,569,478 134,542,980 58,026,498 43.13
Dec 246,645,130 196,424,959 50,220,171 25.57
Total 1,582,001,426 1,446,435,965 135,561,461 184.62
MAPE 15.38

=] ! A ¢ a Y aa o < =
157190 4: N1SAIANUARIALATBUINNAITNEINTNEDAU1YU 59 ﬂ'ﬂEJ'Jﬁﬂ'WTUﬁ‘ULiEJUL@ﬂGZﬁULLuuLGUEJa

WUUIUMBS AUAI16

dud 16
Lhau
tlaawennani HAAAE HAaEa(un) WA (%)

Jan 61,511,220 63,517,536 1,606,316 2.53
Feb 80,726,825 59,827,663 20,899,162 34.93
Mar 559,943,738 57,797,560 2,146,178 3.71
Apr 43,280,368 48,481,668 5,201,300 10.73
ay 62,420,241 67,466,849 5,046,608 7.48
Jun 76,081,309 76,310,334 229,025 0.30
Jul 70,724,167 81,323,300 10,599,133 13.03
Aug 83,129,647 82,825,071 304,576 0.37
Sep 81,509,780 79,016,185 2,493,591 3.16
Oct 77,908,305 83,474,652 5,566,347 8.67
Nov 81,694,448 75,521,767 6,172,681 .17
Dec 122,146,572 116,113,276 6,033,296 5.20
Total 901,476,620 891,675,867 9,800,753 06.28
MAPE 8.02
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A1519% 5: N15A1AINAANALAABUAINNITHEINSlEanYeT) 59 AeASn1sUSuSsuENglUL LT A
WUUIUNBS FUA105

o ! A ¢ = Y  aa o I3 =
13199 6: N1SANANUARIALAFDUINNANTNENTUERAVI8U 59 @']EJ']ﬁﬂ']iUﬁULiEJUL@ﬂ"?ﬁULLUULGUEJa

WUUIUMBS AUA110

Audn05
wau
HaaweNnsal HARAGY HAaA(1) HAE (%)

Jan 51,022,163 56,460,032 5,437,869 9.63
Feb 83,234,413 46,580,109 36,654,304 73.65
Mar 33,969,222 49,540,766 4,428,456 8.94
Apr 44,626,475 48,481,068 3,855,193 7.95
May 68,130,963 63,282,858 4,848,105 7.66
Jun 61,799,415 59,840,478 1,558,537 3.27
Jul 70,942,420 78,699,968 7,757,548 9.86
Aug 77,399,523 74,106,643 3,293,280 4.44
Sep 73,211,856 72,643,916 267,580 0.78
Oct 83,024,206 87,387,527 3,763,321 4.31
MNov 81,855,280 73,617,857 8,237,423 11.1%
Dec 125,801,157 129,659,825 3,858,068 2.98
Total 875,617,533 840,301,647 35,315,886 149.70
MAPE 12.48
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. fAudn1o
LAau
Hannansal HARASI WA (LNW) WA (%)
Jan 52,460,503 42,345,024 10,115,479 23.89
Feb 50,612,854 47,007,450 3,605,404 7.67
Mar 60,050,388 52,148,174 7,902,214 15.15
Apr 42,964,346 42,616,950 347,396 0.82
May 53,927,902 51,776,884 2,151,018 4.15
Jun 74,353,053 66,428,420 7,924,633 11.93
Jul 77,389,899 91,816,629 14,426,730 15.71
Aug 71,216,871 61,651,745 9,565,126 15.51
Sep 82,594,511 73,918,371 8,676,140 11.74
Oct 79,642,728 71,736,029 7,906,699 11.02
Nov 101,126,852 83,772,044 17,354,808 20.72
Dec 118,837,566 115,016,108 178,542 0.15
Total 865,177,473 804,233,829 90,154,189 138.46
MAPE 11.54
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A1519% 7: N1ANANARANALARBUAINNNSNEINTAIEEAY18T 59 meASn1sUSUISsUENS UL uULT A
WUUIUNDS FUA104

. aur04
1Gau
HRAWHTASOL HAATED Hana(uIn) A1 MAPE

Jan 36,670,405 46,109 026 0,438,621 20.47
Feb 33,980,133 38,033,300 4,053,167 10.66
Mar 31,475,361 36,503,722 5,028,361 13.77
Apr 29,105,540 37,534,195 8,428,255 22.45
May 37,251,214 33,471,925 3,779,289 11.29
Jun 42.336,215 48,860,574 6,524 355 13.35
Jul 49,827,166 58 024,976 9,197,810 15.58
Aug 55,676,028 58,538,020 2,861,992 4 89
Sep 55,753,966 60,536,597 4,782,631 7.90
Oct 49,867,376 53 475,049 3 608,573 6.75
Nov 84,605,411 59,655,850 5,039,561 B .45
Dec 78,495,856 80,311,683 1,815,827 226
Total 565,135,071 612,055,816 64,558,445 138
MAPE 11.49

wdsaniheenvedildainnsneinsallaswmedansuiussudndlduuudsauuuiunes
YBIAUAINGN A 74 5 9183 wndTeuiisuiusesueiiniuass yasdauAIngy A Tul w.e. 2559
aylfmanunainAdeu MAPE agj‘ﬁ 5.98% lpaganuiedildainnisneinsel agjﬁ 4,789,408,123
UM Iu%mzﬁaamwﬁ]‘%ﬂagﬁ 4,594,707,123 U wandrafududiuan 194,700,999 U “se
Uszannd 4.24% dauanslumsisdeluil

a ‘:4 ~ a o av v ¢ v a o 2 &
AN5199 8: MsSeUTiusanuIEase NUEaRYIENlAIINNITNEINTAIMEWATANITUSUS8ULDND
TUk U gaLUUIUWas auan A U 2559
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. . AsWaIASOiE a6 . .

HiladuaA1 HAAYUIHASD - - Haa (umu) @1 error (%)
JULvas

durAn 01 1,446,435,955.21 1,582,001,426.00 135,561,460.79 9.37
AU 16 891,675,866.77 901,476,620.00 9,800,753.23 1.10
duaAn 05 840,301,546.55 B75,617,533.00 55,315,886.45 420
duF 10 804,233,825.05 855,177.473.00 50,943,643.95 7.58
fuA 04 612,055,816.14 565,135,071.00 46,920,745.14 7.67
231 4,594, 707,123.73 4,7859,408,123.00 1594,700,993.27 29.92
MAPE 5.98
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Design and Build of Solar Energy Bike for Electric Generator
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Tnevhniseanuuuiassgaueaineslufiinssuanss (Dc  Motor) wu1m 350 g $1uau 4 §1  vu
NI 3 A8 U 2 AU YATTUUNGWULESRNRE  (Solar Cell) ¥u1A 300 FnA 71U 2 UK
yUszlnihasunnesivuin 24 Taad 150 uenuds wuin msdudnseundentudiuiu 2 fu
enEa 15-20 Alawnssiedalus azldnszualvlindusmou 13 ueuuds Tnandvuselaih
Uszana 9.30 9alus lethussleaisadfundsnuainuatenindagldnseualuilndudway 14
wouuUf ManAvuszaliiiuszann 11 $alus wazidlovinstudnserundeuduiundsauain
uasofindazlinszualiiindudiuiy 27 ueands lnanAvuszqlwihvszana 6 ¥alus Fadivane
sonslduruinvesivanuin 58 Jad $1uru 8 alusdetu nistudnseudssligunimsene

youfituudause uazdsldndsanlnilil4es

Adadny: $nseu ndanunasering nszualuiin nsfianeuies

ABSTRACT

This research aims to design and build of solar energy bike for electric generator by
self reliance, for electricity used to drain moisture in a solar drying plant. The design,
installation of the DC motor (350 watts x 4 panel of DC motor) of bike 3 wheels 2 cars was
installed, solar systems 600 watt (300 watts x 2 panel of solar cell) has kept electrical
current into the 24 volt, 150 amperes battery. The production of electricity cycling along the
two cars with a steady 15-20 Kilometers per hour generates electricity of 13 amperes by an
average of 9.3 hours, when solar cells from solar energy to electricity is 14 amperes by an
average of 11 hours and electricity from solar energy bike for electric generator electricity of
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27 amperes by an average 6 hours. The sufficient to operate a small load of 58 watts for 8
hours a day. The cyclists have health benefit and this system could generate electricity for
household usage.

Keywords: Bike, Solar Energy, Electric Current, Self-Reliance
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Zowth 24 H1 vuedends 20 T vuednseuiinnuniie 64 wuRiues 17 180 WwuRAT LAY
80 Lufiluns ffwdauseivhoman (1) usuddnsorudilasnwarainiudu (2) yawusniude
mueudefunt uazdunds (3) yanszhsdmiuddadeaiou (@) maugdmivldvesimmin
(5) WgiianinsnUFutu-adld (6) yaiflestutiudehiouaduriiugudnans 17 wufiuns Liods
Msduindouludailosinundsuiadukitugudnats 8 lwuflung seosvnsenitailesdu 52
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LBUALIAT (7) FENRIIUI8TYATINADAIUANKTULAUAINUIIINNIUMBUAN LN YBITNTEY (8)
LagN1YULTEITUARIUNa (9) Wudnseuimungdmsugnlidngnismsaiainliazande
nsldau

[y

JUN 1: Inseudusmiewivie 3 qe

‘UﬂLL‘V]‘L!ﬁ’]‘MTUEJGmﬂiEJ’]UVW’]EJ’ﬂ“Uﬂ’WﬁUEJﬂQﬂiEJ’TLW]’]WJEJIa'Viu‘U‘uﬂﬂaiJSUUGNﬂ YUIALEUNY
ﬁusﬂaw 2 m ‘mmmLUu%m&lmimﬂaswm’ma’mﬁuawma’m GI'JGU’WEJ@?IW’\]ﬂ'iEJ']UI%Iﬁ‘Wu%U@ﬂﬁ@J
‘U‘UGZNﬂ ‘UU’]QL?MN’]‘HﬂUEJﬂa’N 1 ‘Ll’] ‘Ll’]ll']L‘IJ‘L!?J‘UﬂiﬂjﬁLUﬂ'ﬁm\‘17{!ﬂiEJ’]UI%a@EJUu%ﬂIﬂix‘iﬁi’]\Wﬂi?ﬂ‘u
N@L@@ﬂWﬁ?ﬂ’i“LLﬁm’N (Dc  Motor) mmmaEmmaﬂmwaaaamamuaaummaawawmf\mimu i

Y

‘U‘Ll']ﬂﬁ]ﬁLLG] 24-48 Than LLa‘“ﬁ']ll'ﬁﬂﬂ']EJﬂ‘i"’LLﬁlWﬁﬁlﬂﬂausﬂ’NﬁQﬂ@@QLL@ 5-10 woNwUs vofa1unsn
mmﬂﬁ“aﬂmwahﬂu"LWMsaLﬂumamaﬂwmaqmmﬂu Imauwa@%’ﬂsmwmlmimmmmlﬂmmi
L‘UaEJUWLIaE]IWEJﬂ’]i']WUU’]@LEUN’]UFIUEI?]@’N‘UENGE]"\]ﬂiEJ'TL!‘VIG]ENﬂ'ﬁ LW@I%I@?J‘U']@“UEN@&IG@V]
mmuamamﬂﬁumu MaamﬂuumaawlwmnﬂmwﬂWﬁﬂmmmiammummmmﬂﬁmmmmu

waznsvualniindindnlalnevindudnsenutlulnle @sunw, 2550) m;;ﬂm 2

sUR 2: wanaweslviinsyuanse (Dc Motor)

v 9

sa o

YATLUUNTNULAIR17Rg  (Solar  Cell) LLmT,GUEhL%aawumﬂ%ﬁmummmﬁm 99.20

a

URAIAT 817 195 LWURIAT waze 4.5 LwURlIng ﬁummmanmmmawmaml@ 300 Yn6 D90 AP U
STPV-72 Cells amsummmuuuﬁummmimm]ﬂﬁmuLwaPﬁumﬁsuwawummLaqamma WJu
STUURANEIRINEULUUDETE (Stand Alone System) wsaszuueaunin (Off Grid) Jussuuiinge
Iwihanlsagadlasilifosdondessuuliinnniediming defvesszuudeliguneiussuy
gasmsluih slndiolniharnnisiihdu ssuuwaduasenfinduuudasednsdilniildauls doide
Yasszuuiinanfedeslduunnesiiiodsomdsulunsldnuneunatsiu (uasuns Suma, 2559
25)
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=) U

YAAIUANNITYIFAUTEY (Control Change) 1ATBIAIVANNITYITIUTERTUTIIU 12-24 Taad

q
a

YA 30 WeNkUs Ju LD2430 ¥ila PWM (Pulse Width Modulation) 31u3udunnainunsleaiead

q
L3

1 Bune tewinpdmiuseludauunned 1 ewima wazlnaaldeuily 1 10vime Tnendnnsiiau
YouAIIAIUANNITIIFIUTERD LASDsmIANNITIITRaTde s Iaunalraad UL UALADS LAY
Tvan Tngazimuasussiulninioglusuameslimnzay dvneglussiuiinnnindfifmunli
Lﬂ%mw@umsm%aﬂisa}%v‘hmsﬂamiwamaaﬂmﬂszwﬁuﬁ (Load Disconnect) titetoeriunns
AaeUsEgreILURWBITINALlULar o eI doNan Ty Tasruiavouaoiniugy
miﬂszqﬂsw,alw% Astvuaiunsrualiiivesmalwaeas (UASUNS Suna, 2559: 78)

yadunefnes (nverter) dmiuiasunszualiiininnszuanss (00) Wunszualwihady
(AQ) flAusaduil 220 Thad msvhauvesdunesines e mssundenuliihnszuansatnginies
Funosimesfunnuumned uirdsinnasivihaeluedodunesinesdsagimihilunisuas
wssiulvaduiulusnsgninsanusedndfiduuanuazavaulmdundsaulnihidulvnssuaady
Tnefisruaunafiaduluanuiiify 50-60 afstedunit (aud 50-60 Bsnd) Tnewededldluinfindnuas
Tfusgludsvmealnelnevhluaziussfuliinssuaaduogdl 220-230 Taad Aud 50 18509 Tne
Judunesinesuuu Pure Sine Wave §u XSP-2000 (24 V) iilosananunsnaiisndudngiamis
T lalndAseiuln AC Aldnutu viilkannsolddugunsallwildnnaiia (uasuns Suwa,
2559: 73)

YAUUALABS (Battery) YuInvRsUUAADSITITTvUIN 75 uouuds 12 Taad v Shimastsu
$u NP75-12 wusisesiviia Deep Cycle iununmmeiifinnuannsalunsudesausyqlnlihlsnn
fedoray 60-80 vesUszaliihTmTiaun wazilorgnisldeuiiennuiuniiszana 810 U luvmed
wummeIsneusiiluiuasdiauannsdlunsudesauseylnihldidissdesay 10-20 vosUseqluih
suamuauaziiogmsldruiidundide 1-2 Jwidu Ssanusafulsslildunuagannsodielsl
Idegnsseitlos lnsnsdeuummesuvueynsuazfunsifinsziunssiuliiuiledgliiulvan diu
nseuuAmeTuULTLLIz U afinnszualnih Sndidadumafiudiaugresuunagd (Ah)
dietnglitulvan TneAussiulnihiidiseeninasiidwhiuins (uadund Suwa, 2559: 10)

doufl 2 Anweenuuuyalassaisdnserudusiufundsnunaeniing wazeenuuuyn
AUANTZUUNAANTZUE LT

2.1 drsfiuiinsaidnssudunufundinuasefindvedsadou iowdoufiuilunig
findta gunaal Vinaiuiidmivdnainddsafuinseutulwihnufundinuaeiinddusguina
sundslsseunridsnuuasending fagui 3 delddudunisdaaiisliilel we. 2556 Folasanns
BUUATUINANULAT NG

[ '
=K%

a P 1) 2 W
E'U‘VI 3: NUNINFTNDIATEAUINTYU
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I’NE]ULLVNW@N'WULLﬁﬂE]'W]G\EJ@J?JH’]ﬂﬂ'J’]@Jﬂ'JN 4 16T 817 6 LUAT ey N 2.3 1105 Aninau
"ZJUW]L%UN’]U?MEJ?]@"N 10 ‘L!'J Tgvunausenulai 220 Tad AU eInAsIN 40 106 WU 2 §n
VI’]%H'WIU’]W’W’YJ’]QJ‘UUV]EJEJQWFﬂiﬂiﬂﬁ]‘U°’l DONUNTIVIIUNTBUDN

2.2 ’e)@ﬂLL‘U‘U%@I?"INﬁiNﬂﬂiﬂﬂu{jufmu’l‘u 2 AU FIAUNSIULEID 7RG I@S‘Uﬂiﬂiﬂai’%‘l
?J@Q"\]ﬂiﬁl’lﬂﬂﬂﬂi”LL?{VLW‘W'Wﬁ’l‘ua’lﬂ‘?]aﬂ‘\]ﬂiEJ’]WUN’]G]ﬂ’J']@Jﬂ'J’N 110 LWUALLAT ANET 113 LYURLIAT
LaTAITNE 30 LEUU(FILLIGW Lﬂ@ﬂi”ﬁ')ﬂﬂ?’]&lﬂ’ﬂﬂ%ﬁ mmm’maaﬁmmamaﬂﬂamumﬂmmmau
N’mﬁu&mﬁ’lﬂ 1 ‘LJ’J LW@LW&IWJ’]@JLL‘UQLLiﬂ‘lﬂﬂ‘UGﬂIﬂNﬂi’N ﬂﬂi‘l.h/l a ﬂﬂiﬂiﬂﬂiﬂ"\]ﬂiﬂ’mﬂ?ﬂwﬂENﬂ‘U
W‘NU‘U“ULNUW L‘UBN@@ﬂUNN‘U@QIﬂiQ’di’NWﬂ a4 HU LW@I&JI‘VILﬂ@ﬂWTUEJUG]’J‘Um”ﬂu"ﬂﬂiﬂﬁu Iﬂiﬂ?ﬁ?ﬂ
ﬁ']‘Vii‘U’J’]\‘i‘Uﬂ%ﬂiﬂ?ﬂi‘éﬁﬁ%“‘ﬁﬂﬂﬂﬁﬂﬂ?%ﬂ?ﬂLﬁuw’mﬂu&ﬂaﬂ 2 m G 30 LUURLLAT LUuaUﬂscﬂu
ﬂ’]3(§lﬂ’§]ﬂ38’llﬂ,ﬁa@EJUu‘ljﬂiﬂiﬂai’N‘\]ﬂ'iEﬂu‘\NU’Ju 6 M Imammwmwmaaﬁmsammu’;u 2 "i](ﬂ
‘?J’l(FNa'Wii‘UEJG]LLﬂNﬂU%ﬂiUWU@WUﬁaQQWU’JU 4 R iﬂiﬂiﬂﬂi’lﬂ"ﬂﬂiEJ’]HIMLLNNﬂU‘U']GNWAEJIa% ﬂiﬂ
WA

UM 4: Tassadedmsunsdnseutunssualih

drulnssadedmsusessuunsleanisad aaen15119uungIAe1AsRuTnseutiulni
SNUEVAIRIUTATH DT0IULNIIYaLTARI I 2 WK gnmggunsaldmiuduEaundleaaad
Lwa{]mﬂumimaaw Lsuamaawlw%maﬂmﬂmﬂLLmT,ézjmLszjaaammﬂaaqmmmmEf[,ummi
msU‘m 5 mmﬂmmamsaswmmsmUﬂﬂiawuiwmuwuﬂu‘[ﬁaauLLm Taglisreenasyningennnsg
FUIN 3 1AT WariifuTioIASININANNAIS 3 RS TUIRANEN 3 WAS Lasmiiuusnalaeseu
YUIAAUNTIY & RS LATIUINAINEN 4 WS Woliaunsadmadulagsouawin 0.5 wns

E'Uﬁ 5: lassad1amasmuiainginsuinnaleaigad
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2.3 aamwumm%mm‘uL,LalWﬂfmfmmifju%’ﬂimuﬁmﬁ’uwé’wmuaqmﬁmé N1508NLUU
JEUUAIUANNITYISIUTEY wialwdead LLumLmai warsruukUasissauladih lmmunsauiuaiiy
Foamslindanulniheadlsous saentuiade 8 dalus Tngldfuinaueun 20 ’mmmmu 2 61
dmsuiheiniresngnieuen waoalrlifiouasainwuin 18 f0s S1uIU 1 wiaen  HONITEONWUY

ssuUliUssannderay 10-25 Im&smmammmm (UASUNS Suna, 2559: 70-91)
Aaaliln (Power)
P=VxlI
dlo P = mdalwil Snd (W)
V = usesuleldn Tad (v)
| = nszualndn wouuys (A)
WUl (Energy)
W=PxT
dlo W = ndsaulndia Sas-d2lus (wh)
P = maslniln Tms (W)
T = pandildlndi 4219 (h) )
dlonsumdnuliiwazndsnuiidesnisae uudvhnsiuwammeas 219engUNInlasil
2.3.1 MIATUINMIIUIAVDDULIDIINDS
Pinv > 3 x Pac
5o Pinv = Adslifihgsgavesduosines fnd (W)
Pac = maalnisinvesgunsalmulninssuaadu Jnd (W)

2.3.2 MSAUIUMVUIAVDILUALADS

(Ws x Day of autonomy)
(Vsystemx DOD)

Battery Capacity =

\ile Battery Capacity = A1ANLVBIUUAADT LoNLUS-Talua (Ah)
Day of autonomy = Sunutuidesnslsivanmdlaihgsawinmuldnn

Felaitimswanluihanlvanead dusufiuiivhluiian 2-3 fu e etinuasiu 5 u
Vsystem = S¥AULIIRUTRITTUU 1Iad (V)
DOD = A1sesiuAuannIsaeUsey Seeaz (%)
Ws - p&aulihsumesszuuiildnuse 150 Yad-9alue (Wh)

2.3.3 NMIAUIUNITUIAVBINITAIUANNITNAIUUTZY (Control Charge) wazduILLHILY

aean
2.3.3.1 nszualninidasnisannupaleaiewad

(Ws X Oz)
(Vsystemx PSHx f_dirt x f_tolerance)

do Ipv = nszuabiliihfideanisanuasleanead wouuds (A)
Ws = waaeuliihsmmesssuuldnuse 150 Snd-9alue (Wh)
Oz = Over Size Factor Waamfiiiososay 10-30 d13UNTOBNLUY
f dirt = mﬂiv?m%mmﬁaﬁ?qaﬂﬂiﬂLm‘v Seuaz (%)
f tolerance = mmmﬂmmﬂaaumammamLﬂuﬂﬁaaav + (%)
PSH = Peak Sun Hours L’Jmmimmw 1,000 W/m Gli’ﬂm (Hr)
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2.3.3.2 nuuurdleanwaaviseansandevuuliaan

(Ipv)

Nsmax_per parallel =
(Imp_pv)

e Nsmax_per_parallel = 91U3UaAATIAVWINALEAER @733 (String)
lpv = nsgualiinidesnisainundeaiieas wonlus (A)
Imp_pv = nszuageanvedndleaiead weuuus (A)

2.3.3.3 Suuurdlgawaaviselunaidosynsulign

(Vsyste m)

Nmax_per string =
- (Vmp_ pv)

s Nmax_per_string = 9uiukudlgangaanseounsulaaan (uga)
Vsystem = SEAULTIRUEEAAUUIT1IV00ATBINTD 13ad (V)
Vmp_pv = wssdugsanurdlaaad 1aad (V)

2.3.3.4 TIUULNELYELIARTINUANH Y505
N_Pv_max = Nsmax_per_parallel x Nmax_per_string

= ° i sa 1 a s s

e N_Pv_max = duiuusdledwadfidedunnvesininges (uga)
Nsmax_per_parallel = 91UUaRTINVUIUTUEEA @734 (String)
Nmax_per_string = S1uiuuxdlganeadsosynsulagn (uga)

2.3.3.5 9u1AveInTeudliinrewisa9039ReIns
| charger > 1.25 x Nsmax_per_parallel x Isc_pv

o | charger = nszualWinvesw13919959A99n15 wouuUs (A)
Nsmax_per_parallel = 91uiuansafivuuiugagn @n3s (String)
lsc_pv = NTELATAINIVDILHILYALTAE LouwUS (A)

[

2.3.4 ANSALINLSITN MAdLazUTEaNSNINvaILawasiiinnsewanss (NasAAng,

2556)
w33Um (Torque) T = FxR (N.M.)
udildnnusdly 1 JOUNMIVYU = W3 X TEUENN
= Fx2pr (Jule)
&R (Po) = Fx2prxN/60 (Jule/s)
= (Fxr) (2pN/60) (Jule/s)
SomnuiFudam V. = 2pN/60 (Rad/s)
FaurdiiAnTy (Po) = TxV (Jule/s, W)
maalnidn (P) = Vxl (W)
Uszansnn (h) = (Po/P) x100
do Py = mM&u Output
P = f89a1U Input

G 294



v
o

ndsvgaArn1sseAus Aty gyadast asei 7

2 fguieu 2560 aantunsdanatioyonada

NAN5IBUATAAUTIENE
1. HamsAnwamdnvazgunsallunisinairednseuduiuiundsuuaseiindiia
wannszualWiuuuRanauLeS
1.1 wansAnwdnseuitlddmiulasaniside
nnmsAnudnsendilddmiulasinide wui lassadednseuiidediuu 3 de
dloduldonthdntididelududmanefigdulfens dudondsinihiituidmindduiidy
meifleadudusonlusailostudedundsiogfanarvesdnsewiliiAanisiadoud vun
aundlunmstuldemfivangan 1520 Alawnsdetalus (nguay Sundng wazame, 2558 35)
desniutseuiiiaugalunisldon Wedesnmgasaliminisrasnuifwierinisiuse
fefuusavesiidnseuwandieddafiaunddivhnsldnssiaiieddyrandsasiou
1.2 wan1sAnweanuuuyarannszualWinannasuLEaing
IINNIANYITLUVBBNLUUYANEANTERALNT WU ssuuwaduatefinduuudase
(Stan Alone Systern) 3a353UU Off Grid \Juszuuindnlnihanunsleanvadlneiilidoudouse
fuszuulnihannnmslaiin Taunseenuuumsesnwuuliangauiunislandenulnivesldan
TneiAvteyaifiudeyanislindsnuiaddetuil 8 $1lus gunsaluszneumesinauyuia 20 Yad
$1uru 2 f uaznaenlviilouasainaung 18 ad $1udn 1 naen davimseiumidslin
wazndseniliAld o uluszuu Off Grid Ténainisned 1

A157199 1: USunaumadstuinasndsanuladrildauseiuluszuu Off Grid

adud | wedesldln S | Walusldon | Mdsluin | Adalndiean | wasnulnind
(Q'ty) (hr) (P) (W) #@3n15 (Wh)
1 WAALANDINA 2 8 20 40 320
2 viaonlWiloou 1 8 18 18 144
334 58 464

nA1597 1 ansednszinistdmdslniihsumesdsiounimadsunasonfingle
Wiy 58 36 uazndanulniindigeansianundeuiidwingu 464 Sad-dlas serunsesulaiing
NzANTeITEUY Off Grid Ao usesu 24 Taad Wesanidusesuiivhlinssualunisvsanummeia
dwmalvvusvesanglvilvunndnas uazanudeuiiintulusyuu ddudiuseiunsadudangnn than
T UTEUULTIRUUDITNTITULALTEAULSIAUYBINSIIIUINLAIDINY YN IATTEAULS IAUYBITEUY
Wuwwa 24 Tad
1.2.1 wan1sAnwIYAduLIasiaas (Inverter)
PnmsAnyIgRBunefined wuh wwedunefneiaisiivuindusii 3 whves

AMAINN5U (58 T9A) V9IAINUADINITVDILSIDULMINA I ULEID NG TaeTvuInAINUADINTT

(% '
v o

Fuendlvun 174 a6 vise 200 Fad vuin 24 Taad wensldnugunsallniingu q vwinduesines
Jawiniu 2,000 T Lagmsiudunesinesiuu Pure Sine Wave Wlpsananunsnasismaudeynio
malihlalnaldesiuln AC Aldaudnu vilvianunsaldivgunsallwillannuia
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1.2.2 Nﬁﬂﬂiﬂﬂ‘lﬂ’]%’l‘ﬂﬂﬂﬂ‘dmLL‘UGILGIE]% (Battery)
NNMSANYIVLNIATBILUAADS NUTT WuAREI Iz audmiunsldauang

HununneIuUY Deep Cycle Luaqmﬂmmmmwsuﬂl”ﬂmmu annsadnensglniiliegseiilos
fvunavesusiunzMinuiniuazseunsuiafiuinnit TasuuiaveauunnesivuInAIALg 5
vesszuuidu 72.5 uouuvs sendanuliingiuvesszuuidesnisaenieiu lneidenlduunine’
yunn 12 Taad 75 ueaus lednauunimeiiiunsdesynsuiuazlfsuaumiiiu 2 gn detan
AunanuaweIitderuuiuazlds iy 1 gn Wethumduunuvesunneiilily
szuufaaaarlddaunummeiduiuiiusiuiu 2 gn wasilovhnnieszuvagliuunneii
thanseeynsufuduiuindu 2 gn wagduiunumneiithunsevunuiuazlidiuiumindu 2 gn
INTILUUUALADITIUIL 4 gn YuATIdU 24 Taad 150 wouuUs

1.2.3 HANTSANEIYARIVANNITYIFAIVTEY wazduIuuNalgaad

NNMIFNYIUIATEYAMUANNTITaUTE] WU nihTivesiAdesaiuaunng
y$Usrgaryhnsuamdsnulriihnssuanssiildanundedisadiiiedrlumununisnia sz
muaulosiuliliuunmeimnsalrinniuly Tasidenlduuy PWM (Pulse Width Modulation) lned
yunveanszualiinidosnsanusleausadiiosoidirivensanodivindu 5.20 wonuys 1
Twanwadvieanssiinevuuldgeaniiiviifu 1 anss Sruuundeawaduiolugafiriooynsale
awan 1 luga ashlildsunuunsleansadiomaiideriaaesivinfusun 300 fadduau 1 Tuga
wazrasnsrualniives faeiiidesnistusiisniiiu 11.25 woaudd uanidleviniaile
seuUarldunsleanieas 300 106 31U 2 UK ABLiIiuAIUANNITYITIUTEY 30 LauuUs
1.3 HaN1SANYIaNLUUYANDLADS IWANNTZWENSS (Dc Motor)

nnmsnwmeweslufiinszuanss wui1 uewmeslufiinszuanss (DC Motor) e
thanlduasindiogiiaudnansvesdeviequiouinadondiwesinseu Suasdquautilunis
yhanlasduldimomeuanaostuinilunesieatu Svuedud 24-48 Tiad uazanusode
nszualiitldroudragefedous 510 wouuvs weweslwihnssuanssitaunsandnnszualily
geanidudiuan 350 Fad uazilosnnnsldnuaiawemesiuiinssuanseayliannsonanindsay
Iegsgavinlidioaioduunemesliiinszuansslifdinu 2 f dednseru 1 fu Faazldddsliin
iU 195 Sad fouseiu 15 Tad nszualiin 13 wouuu$ uaziflednseruiauneuiuse
uels 4§ aziiised 30 Taad nszualiin 13 weauds mnandalumstuldauiivnzas 15-20
Alawmssiodalus dednsen 1 #u edmnadngeiu 2 duagldmaalwihssintu 390 Sad

MANANNTIATIZIMN Az BuanuanyuzyosgUnsaifitiuseIi1fussUUNER
Tl N aweiuANABINTURIL T U WU AaENwMzaUNTlUsENaUMY WHelea1aas
1A 300 T9d 3117U 2 Tea YARIUANNITYISAIUTEY (Control  Change) wuu PWM 4w 30
uesus (ilemslinusiufuvesssuundsnunaiefindfunstiudnse) yrdunosinesiuu Pure
Sine Wave 9@ 2,000 ¥as wusmaesiimungand nsunsidnuandusunmeduuu Deep Cycle
1 24 1aad 150 wanhUs 91uu 4 gn wewmasiiiinssuansednua 4 gn vwingnag 350 nd
thgunsaifsvumnidendensasiifin (Drawing Diagram) JU 6 mumsasiBenuaznadnumsves
gunsal Jaildaddldauais a lsaSeueyuiainiznasely
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Solar Cells 24 V 300x2 W
4

Control Change 12/24 V30 A

Invertes 24 ¥ (DC) 2000 W

-

1 ] ocMotor 24 v 350 W

T

s | e

wanzy - funs +, A -

Battery 24 V 150 Ah

winay 220 v (AC) 40 W

JUN 6: Yapurunsvialiihannstudnseusuiundsuaoning

2. wamsaanLLUUﬂ;ﬂiﬂsaa%’wﬁ'nsmuﬂuimﬁ'uwé’emuummﬁméuazmsaanu,‘umgﬂ
AUANTTUUNAANTZUE LWAN
2.1 nansdnadrednserudusiutundsuaseniing
wansdnadrednssuduimiundanunaending wui dilassadsludiugiunig
Snspudildviniseenuuutazdnadralinvhnsnaiiesessudnseruiuwuu 3 &0 vuindent 24
1 wazdendsvunn 20 §7 Falvuinaunineweslasiadne 110 WURAT ALY 113 LWURLINS

AU 7 Wonlimansmeaindey aftuaty wazunUasesioumedusouturiniuii

UM 7: Tassadednsenudunssualnin

2.2 nan1sdnadrenmsinserutudaufiundsnusasanding
nansandalasiadiaunslsaeadiiofundsnunaoniing wui lassadisenans
FnseuTuUAIULVEIANILIAAINNANE 4 AT LAYULINAINET & RS NuRidindunundle
AuwadsINFaInsiuTivuInnILN3Ie 200 WURWAS 812 195 LWURLAS WAZge 4.5 [URNg 319
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Tuirde) fiyardaquans (NPV) wirfu 428,51 &ruum Tuvaigil madeniiaes (nMsad1andadudn
amsutwes) dyartagiuans (NPV) wiiu 530.35 d1uum uaﬂmﬂﬁmqLﬁaﬂﬁaaaﬁmﬁwu
otfit 2 U 7 ey uaziidnsmanouunlunisamu (IRR) wirfu 87.06% 7 Discount rate Wiy 8%
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ABSTRACT

Due to the fact that the case study company is facing with high quantity of storage
items while the storage area is limited and not adequate. The company has to storage the
over quantity items by using affiliate service providers that come with high transportation
and service charge costs. Therefore, this research aims to conduct a comparative study of
investment in building in-house chilled foods warehouse versus using affiliate service
providers. By collecting all related costs, the financial analysis is conducted by using Net

Present Value (NPV), technical analysis, internal rate of return (IRR), breakeven point, and
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sensitivity analysis throughout project life of 30 years.

Obtained from analysis, the first alternative's (using affiliate service providers) NPV is
428.51 million Baht. Whereas, the second alternative's (Build in-house chilled foods
warehouse) NPV is 530.58, breakeven point is 2 years and 7 months, and IRR is 87.06% at
discount rate of 8%. Therefore, the investment in building in-house chilled foods warehouse
project is financially feasible because it has more NPV than another alternative and it has IRR
more than 8%.

Keyword: Chilled Foods Warehouse, Financial Analysis, Net Present Value
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2 | 2558 | 853125.00 | 8,736,000 52,489,125.00 87,360,000 34,870,875.00
3 | 2559 | 878,718.75 | 8,736,000 52,514,718.75 87,360,000 34,845,281.25
4 12560 | 905,080.31 | 8,736,000 52,541,080.31 87,360,000 34,818,919.69
5 | 2561 | 93223272 | 8,736,000 52,568,232.72 87,360,000 34,791,767.28
6 | 2562 | 960,199.70 | 8,736,000 52,596,199.70 87,360,000 34,763,800.30
712563 | 989,005.69 | 8,736,000 52,625,005.69 87,360,000 34,734,994.31
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HaUsElelansNPY) 301.16 GRITITaNY

naUselil 759.16 AUV

AT 458.00 AUV
HaN13ATIERlUNSEIN Discount rate 7 12%

HaUsElevdgns(NPY) 278.76 AUV

naUsell 702.37 AUV

AT 423.61 AUV

HANTTIATIEIN 1IN TRUTRLlATINIINUTIAENNRTILATUTIETU-518918 AAWAEUTN 1-30
(W.¢1.2557-2587) Wuin Discount rate Bedaeranauunulun1Iamueagy

mudend 2 msieseisuruluiiunisaiieeddaiivaududiu tneazdsenauluse
! J o/ 2/ [ o/ = o 4 14 ! !
AUsEInansieas e sddunseunIasdnsiazgunsal laun 1ue1Ansyadt 19,152,000 um,
nuipuduyani 20,613,265 umuazuasUlnALaA 5,400,000 UM AaLaATtUAITIN 2

M19199 2: MsUsznaMsneadwipsduniouasesinsiargunsal

GRIQY 579N15 | v YA
UDIANT
1.1 vlaseaiauaznuaninenssy 2,112 | w5 | 18,002,000
1| 11 enlihuaguasadng 1 Y 550,000
1.2 uUssIlasuEnIAuIg 1 S¥UU | 600,000
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a9y 519N15 | e YA
sauavan 19,152,000
NuUTpeLduy
2.1 veufunazinioshanuiy 1 7949 11,750,000
2.2 viosauluan 1 TRN 1,901,500
2 | 2.3 %99 Anti Room 1 N0 2,289,209
2.4 WRINnyUN, Office LaLTadhAgs- 1 P09 4,078,380
2.5 Ussapiondu (dmsusanaumiues) 1 U0 594,176
sauavan 20,613,265
uansUlan
3 3.1 syuuliiuseas 1 YA 4,500,000
3.2 sswiﬂﬁ%ms%asﬁmuam 1 YA 500,000
3.3 SEUUNAY 1 SYUU | 400,000
SIUTINA 5,400,000
sugUnsalifenfunisuuds
4.1 saendu Fork Lift Tl 1 Au 3,700,000
4 | 4.2 wwan, nen3n, Hand Pallet 1 U 1,134,735
SAUTIUA 4,834,735
i'amdammuﬁ 1-4 WJuku 50,000,000

ilesananiumsalinsugiafiliniuey §idedaldinmesideyanuanziasugialaguls
FumuSRIInENLEY 8%, 9%, 10%, 11% wag 12% siad mami"?meMmmhmaﬂﬂiﬂmsﬁﬁ%’auﬂa
AldaesunisiduinisnduidaivlupdadiiusnmslueSovest w.e 2557-2587 wWisuiisuiiv
nsheasendsdumesutiiu lnensinsizsinagsuunaulssanunels s1e91ennee inlady
foyalumsdiasgimediunaiu Tutsilasinsdiiiunisfissesnat 30 9 lnsasinsesiiou
W.A 2557-2587 e?fqmﬁ’aﬁé’fagaﬁ'ﬂﬁé’fﬁhaﬁmmﬂs{’fﬁmirﬂ’mﬁuﬁﬁ@Lﬁuiuﬂé’ﬂ;ﬂﬁu‘%mﬂum%aLa?ﬂla
52.95 81U/

{]f«a%’wmﬂﬁ%ﬁmﬁmiwﬁﬁﬁaﬁ

® AaInsIaLAU ; AdsRUMBIMTWE A uaInsalunsiAuSnw 180 Fiu

® U5 : ASAUAIIMSLTEUARSElARlanSUaY 20 UMW

o uaufgiuseiu-mee@nuiEnnidunsddnw)

TedeeUsAufouasiuudsoaud i 1-30 A

S1eP10ASINURATT 1-30 WuTuTes 3%

519978 Al A AlnsdmiuazAmdnveydudti 1-30 WinTuday 1%

sedeethgsnwLesesdnaRaudti 1-30 asdl

s19l@nlAsINSRaLATR 1-30 AsiiRlansuas 20 Um

ﬁunuﬁué’wmﬂimqmié?m,wi‘ﬂﬁ 1-30 1inTuday 1%
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HANITIATIEINNITRUTDILATINITANUTIRIAUURFINAIUTIHTU-518T18 AAUsISHTN 1-30
(W./.2557-2587) WU

TNy 1,127.74 AUV
seldssiaay 2,620.80 AU
HARDUWILANTTIY 1,493.06 AUV
JUEIAAUUUTENN 2.32 v

nan1sliegiiasugiaveslassnisiniuszeznadiliiagesd 30 Idaue w2557
.¢1.2587 T 3lAT18i @ 1uNS8UT Discount rate finsiasundaslufl 8%, 9%, 10%, 11% uwag
129% sio¥ aguldwsd wuin

Nan15ILATIZALUNSEIT Discount rate 71 8%

BNTIHANDULNUNITAINU(RR) 87.06 %
HaUsElevgns(NPY) 530.35 AUV
naUszlovi 1,011.63 AUV
AT 388.28 AUV
srgghaIAunUUTEIIN 2.61 Y
NaN1FIATIZRLUNSEIT Discount rate 7 9%
SNTIHANDURNUNITAINU(RR) 82.96 %
HaUselevdgns(NPY) 423.35 AUV
naUszlovi 822.93 AUV
AT 307.58 AUV
srgghaIAunUUTEIIN 2.68 Y
NaN1TIATIZILUNSE Discount rate 71 10%
SNTIHANDULNUNITAINU(RR) 81.63 %
HaUsElevdgns(NPY) 380.05 AUV
naUszlovi 746.05 AUV
Algane 275.00 AUV
srgghaIAunUUTEIIN 2.71 Y
NaN1TIATIZILUNSEN Discount rate 71 11%
SNTIHANDULNUNITAINU(RR) 79.93 %
HaUsElevdgns(NPY) 345.70 AUV
naUszlovi 684.90 AUV
AT 249.20 AUVM
srgghaAunUUTEIIN 2.75 Y
NaN15IATIZIALUNTEI Discount rate 71 12%
SNTIHANDULNUNITAINU(RR) 78.73 %
HaUsElevUgns(NPY) 313.34 AUV
naUszlsil 627.24 AUV
CRISERE 224.90 AUV
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srggaIAUnUUTEIN 2.79 iy
nansAszinemaiureslasamsmuiitiauuigudusesu-sedns dudizudi 1-30
(9./1.2557-2587) wuh Discount rate Batiosnanauunulumsasmudsgedudsualiszonatluns
AuyuBadaunniude dwiuanuinamuvedlasinisiinuii nisld Discount rate 71 8% i &
mmmmzamﬁq@ wagld Discount rate 71 9%, 10%, 11% way 12% mudsu Inenisdenld
Discount rate latfuiuogfuundsiunuuasdannendelusasiinldimualifsanusadrsdean
suIAswsUssmnenenle

Gl

9

nnsngIdeliinnsfnwiwasiiudeyasnissnuiilunsdfne wazlddrdoyaiild
msfneuazIvedunausieg iy wudtlassnisneadeasdudeimsudiuldiulunisamu

[V 7
Y

TulasesnmsnsdifldsinaifuGiownidunfuivsennsddnuinfueguds) Andudundu
¥

50,000,000 U (PIFUAIUUINGIU) LasdnITAIEULRFIUATULATYTAERSaEN1T U TEm
nstinwldludnsndinan 8% lagarunsoasunare AuszezIaIAUNUYedlATINITh 2610 &9

agfunulu 2 U 7 Weuilaiedsdumensutifuaiaiouiosfoniglud we. 2560 wag
war1tlagtuans (NPY) 7 53035 &1uum Tnedl NPV > 0 viefididuuin uansilasamsifiau
mmsamﬁ%amu nauselevl 1,011.63 Emum alldane 388.28 d1uum uaadlidiuinlasansd
fanumngauuazdualunaasvgia lumsiudasmanevunilunisamu (RR) tuazogd
87.06% wandliiuinlasmstiamuimnzanuasdudiinamumansegia (RR fAgauazgandn
Snrmendevdeandelonalunisamy) dwludunsiinsedanalmui 148nsdman 8%
fudlosnmnzantunisamuunniian uazersidondnaidiuand 9%, 10%, 11% uaz 12%
AUAAY

anUTENa/TalauaIuL

doswnlunsinunanuideluaded IHTeudfisunmsamuaineadduiomnsudduiuns
Tliudnsusinlueie Famsaiundedumidaivemsuiduiesodueliiuand Tnsanide
Haillgsridetnddumlunmsinfivaumauldnomn Tnedmsuadduidnfivaumindug dosdl
sudsiuiilunsdafvaudlniian

LONET591994

nawn udsden. (2551). nisAnwinagnsTumsanduyumsuuss nsdfnyy UM Sia msni
(Usemalyeg) 9779, INeANUSENVIAUEIAINTTUANERS UMINYITENDNIIATINE.

Asws Buvedinena. (2551). msdnwitiymuasimunnagnsiieanmltoieuazivszansninlu
AI59ANITILUVYUAY. INYNENUSAIVIALIAINTIUAEAS NN erenIsANe.

5801 1W3ayia. (2551). MsAnvIuasTIIUANAYNSNIsaRdUUNIsTUAuTaa R lsiUSeuTuns
UINTUYEIUTEY Wiplea NTIUUDTH TIA9. INYITNUSENVIALIAINTIUAIEAS UN1INL1SE
wean1sAlne.
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ARt Fsvdnsianl. (2554). n15dnwinudululdveslasenisasulugsivindinuie
inseasuemaluaiiuys. Inendnusavasugmansnisians aminedoriuaiunsd
&Y
o5ym adla. (2556). msAnvIadenieldinSeaysueiniavedl miuazveudulngIsauaniuyy
29397 (Life Cycle Cost, LCC) n3dlfinw) umIngaggsnavasing. Ineriwusany
wialalulagnisdnnislueians angdmnssuamans uninendegsiadudng.
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