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ABSTRACT : This article presents the results of design and implementation of an
air warning and defense system for tactical-level units, which includes battalion,
battery, platoon and fire units. The implemented system has shown to have a reduced
operation time and better availability of needed information such as aircrafts in the
area of interest, air warning and defense readiness condition (DEFCON) statuses and 3D
military maps that support terrain profiling from one point to another. The user can
filter and assign targets to each subordinate to suit the situation. The system supports
MIL-STD-2525Cstandard for internationality and ease of learning. To support military
exercises, the system has a “check mode” function to check the connection status of

all subordinates and also a track simulation feature.

KEYWORDS : Information Technology, System Analysis and Design, System Development,

C4l Systems, Air DefenseSystems
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ABSTRACT : The purpose of this research is focused on developing and

designing the bulletproof wall by using natural rubber compound material. The

bullet resistance tests were performed using natural rubber compound material with

the dimension of 50x50 centimeters and 1 centimeter in thickness. The test showed
that a bullet M16-Al penetrated through to the fifth layer of natural rubber com-
pound pad. The bullet cannot penetrate through the sixth layer. According to the
European Standard EN1522:1998, the natural rubber compound pad with the total
thickness of six centimeters has FB5 bullet resistance level. The results can be further

developed and utilized by the Royal Thai Army unit.

KEYWORDS : Bulletproof Wall, Natural Rubber Compound, M16-Al
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A Review of Electrohydrodynamics Application

(Based on the Mechanism Characteristic)
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ABSTRACT : Flow control is one of the leading research area of scientists and
engineers. By using an electrohydrodynamics (EHD) couple with a fluid mechanics, it
is the most efficient technique to control the active flow. EHD plays the main role
phenomenon which directly converts an electrical to a kinetic energy. This paper presents
a review of research works on EHD application and four applications are divided from
mechanism characteristic (increase flow, injection flow, inducing flow and mixing process). In
addition, evolution of EHD application is presented in this research paper. This paper can
be used as the first guideline for the researcher in using EHD application for mechanism
enhancement. Finally, this paper gives some recommendations for the future research

and EHD development.

KEYWORDS : Electrohydrodynamics (EHD), Mechanism, Application, Review
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1. Introduction

Flow Control is a fluid dynamics
technology which is being exploited to
improve the performance of aerodynamic
surfaces under widely varying conditions,
the data can be handled at an efficient
pace [1-2]. Active flow and passive flow
are divided for two types of flow control;
it is one of the leading areas of research
of many scientists and engineers in fluid
mechanics. Active flow control, on the
other hand, involves energy or momentum
addition to the flow in a regulated
manner. Passive control devices are
always in operation, regardless of need
or performance penalty. Active control
is more desirable than passive control
because flow can be manipulated in
various required conditions but involves
additional effort and cost. Electrohy-
drodynamics method is the one type
of active flow control. Electrohydrody-
namics (EHD) or Electro-fluid-dynamics
is the study of the dynamics of electri-
cally charged fluid. It is the study of the
motions of ionized particles and their
interactions with electric field and the
surrounding fluid. In general, the phe-
nomena relate to the direct conversion

of electrical energy into kinetic energy.
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2. General principle and theories
on EHD

The EHD refers to coupling of an
electric field with fluid flow. In this
technique, high-voltage with low current
electric field is applied in a dielectric fluid
medium flowing between a charged and
a receiving to the ground [3]. Mechanism
of EHD method is explained by Fig. 1.
When electrical voltage is introduced
to airflow, ions from a sharp electrode
move forwards to the ground electrode,
i.e. Corona wind [4], as shown in Fig. 1 (a).
As a result, the momentum of airflow is
enhanced. Meanwhile, shear flow effect
which is occurred by velocity difference
between charged and uncharged air,
induces the uncharged air to become

swirling flow [5], as shown in Fig. 1 (b).

(a) Mechanism
Plate of Electrode

'
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Fig. 1 Mechanism of Corona wind: (a)
Mechanism of high electrical voltage

(b) Corona wind pattern



The governing equation of electric
field is computed from Maxwell’s equa-

tion are shown in Eq. (1 - 4):

V-éE=q, (1)
E=-VV, 2)
7.0/ _
V-J+ =0, (3)
J =qbE +qii—D\Vq, (@)

where E is electric field intensity, 4
is the space charge density in the fluid,
gis dielectric permittivity, ¥ is electrical
voltage, J is current density, b is ion
mobility, ¢ is time, D, s charge diffusion
coefficient and u is airflow velocity.
The electric force per unit volume (/%)
performing on fluid flow can be

expressed as Landau and Lifshitz [6]

- N 1_| =,| O
=gE-—EVe+—V|E*| =

where P is density of fluid and T is
uniform temperature. Simply described,
three terms on the right-hand side of
Eqg. (5) represent the electrophoretic,
dielectrophoretic and electrostrictive
forces, respectively. The electrophoretic
force or Coulomb force results from
the net uncharged within the fluid.
The interactions within the individual
phases are typically associated with this

component. The dielectrophoretic force
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is a consequence of inhomogeneity
due to non-uniform electric field,
temperature gradients and phase differenc-
es. The electrostrictive force is caused by
non-homogeneous electric field strength
and the variation in dielectric constant
with temperature and density [7]. The
electric field increases proportionally to
the voltage below the corona onset, but
will preserve its value after the corona
is initialed. The threshold strength of
electric field for corona onset at the
corona electrodes is reasonably described

by Peek’s semi-empirical expression [8]:

E0=3.1><106[1+0'308J, (6)

N

where £, is onset electric field
strength and 7y is electrode wire radius.
The continuity equation (Eg. (7)) and
Navier-Stokes equation (Eq. (8) which
coupled with Coulomb force equation

are expressed as:

V-u=0, (7)

p{% + (ﬁ~V)ﬁ} =-VP+N%i+f,, (8)

where u is the inlet velocity of air,
P is pressure, and H is viscosity of air.
Strength of swirling flow subjected to
electric field is assessed through vorticity

(o)
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&=V xi 9)

3. Application of EHD
Electrohydrodynamics or EHD deals
with fluid motion induced by electric
field. In the mid 1969s Melcher and Taylor
(1969) [9] introduced the leaky dielectric
model to explain the behavior of droplets
deformed by a steady field. This model
was originally intended to deal with sharp
interfaces, contemporary studies with
suspensions also agree with the theory.
After that, Yabe et al. (1978) [4] experi-
mentally and theoretically analyzed in
nitrogen by a two-dimensional electrode
arrangement of a fine wire eletrode and
a plate ground. The electric potential
distribution in the space and pressure
distribution on the plate calculated
numerically agree well with the
experimental data. Actuators are at the
heart of active flow control implementa-
tion. Also they have been the weakest
link in the development of flow control
technology. The desired attributes of
actuators include light weight, low profile,
no moving parts, energy efficiency
and durability, ease of use, scalability,
high amplitude, wide bandwidth and
rapid response. EHD is the study of the
dynamics of electrically charged fluids.

The term may be considered to be
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synonymous with the rather elaborate
electrostrictive hydrodynamics [10].
Many researchers have been the
development of EHD and their imple-
mentations in various applications. From
mechanism characteristic, compose of
main four applications are divided: the
first, the second, the third and the fourth
applications are increase flow, spread
flow, induced flow and mixing process,
respectively.
3.1 Increase flow mechanism
The first mechanism, increase
flow mechanism was investigated for
EHD pumping [11-22] and biomechanics
[23] in order to drives the motion of a
liquid by a nonsymmetrical electric field
is used to move a charged liquid through
tubes. It is generated by the interaction of
electric field and charges in the fluid.
These pumps have interdigital electrodes,
which is regularly spaced along a
microchannel and require no moving
parts like impellers, bellows or valves.
The interactions of electric field with
induced electrical charged in the fluid
yield a force that transferred momentum
to the fluid. For EHD pumping, Stuetzer
(1960) [11] studied the behavior and the
efficiency of a simplified model of an ion
drag pump for insulating fluid. Supporting

measurements on real pumps are



reported. Cascading and paralleling of
pumping stages was investigated. After
that, Feng and Yagoobi (2006) [17] experi-
mental studied conduction pumping with
the heterocharge layers of finite thickness
in the vicinity of the electrodes, which
are based on the process of dissociation
of the neutral electrolytic species and
recombination of the generated ions. For
Fig. 2, EHD pump was installed between
inlet and outlet of a branch tube 1. This
research presented the successful control
of dielectric liquid flow distribution
between two parallel branch lines
utilizing an EHD conduction pump at total
mass flux levels of 100 and 200 kg/mz.s.

Branch tube 1
a— = |
my

iy
—
Branch tube 2

Fig. 2 EHD pumping was installed between

two branch tubes

Lee and Lee (2010) [19] investigated
the flow characteristics of EHD induction
pumps by a numerical method which
adds an electric modeling to the
conventional CFD. The numerical result
made a good prediction about the

frequency-dependent characteristics,
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which were consistent with both the
experiment and the theory. The
micropump had a maximum flow rate
at an optimum channel depth due to
the flow instability at larger depths
and the flow resistance at smaller one
had an undesirable influence upon the
one-directionality of flows. Laura et al.
(2014) [21] studied the charge-transporting
activity of the Na* K™-ATPase. The result
shown that only the occludable ions
Na®, K*, Rb*, and Cs* cause a drop in
RH421 fluorescence. By RH421 detects
intramembrane electric field strength
changes arising from charge transport
associated with conformational changes
occluding the transported ions within
the protein, not the electric field of the
bound ions themselves. Dong et al. (2016)
[22] numerical analyzed a bi-directional
EHD pump for transporting dielectric
liquid. Multi-physics software was used
to perform numerical simulation for the
fluid flow, the electric potential, and the
transport of ion concentrations for two
kinds of electrode patterns. The result
showed the optimum distance between
two large grounded electrodes for
producing a maximum pumping velocity
at the diameter of two small electrodes
fixed at 0.3 mm. The efficiency of EHD
pump flow (7mp) was related with flow

rate (9), pressure drop (AP), electrical
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voltage at the tip (Vo) and current density
(1), as defined in Eq. (10).

VI

A general account was also given of
the basic ideas of electrode arrangement
for the enhancement of pumping.

For EHD biomechanics, Engin and
Tian (1984) [23] simulated electrogenic
Rb+ transport of (Na, K)-ATP by an electric
field. The applied electric field could
polarize the membrane potential
required for the electrogenic transport
of Rb+. The result showed that the
application of an electric field to a
red cell suspension activated the
Rb+ pumping activity (Na, K)-ATPase,
which may represent the membrane
potential sensitive part of the Na+-K+
exchange cycle.

3.2 Injection flow mechanism

The second mechanism, injection
flow mechanism [24-42] was investigated
for droplet [24-27], electrospray [28-
41] and microfluidics [42], which is a
procedure that relied on the electrostatic
force to break the liquid into fine drop-
lets. The Coulombic repulsion prevented
their agglomeration and eases the spray
penetration into the host gas medium.
For EHD droplet, Iribbarne and Thomson
(1975) [24] developed to find in which
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conditions this ion evaporation. It was
shown that the first process should
occur only when the drop reaches
sizes of the order of 10-6 cm. The ion
evaporation process must be operative
in the evaporation of highly electri-
fied cloud droplets when their solute
concentration was low. Hayati et al.
(1987) [25] experimental investigated
the effect of liquid conductivity, applied
electric field, flow rate and capillary
diameter on pendant and flowing drops.
The pendant drop of hexadecane was
distorted at increasing potential, as shown
in Fig. 3. The influence of flow rate on
the production of stable jets and the
subsequent atomization could also be
understood in terms of the inertial and
electrostatic forces which act in the same

direction.

a b c d e f

Fig. 3 Pendant drops of hexadecane at
increasing potential (a) 0 kV, (b) 1.0 kv, (c) 2.0
kv, (d) 3.0 kV, (e) 4.0 kV, and (f) 4.5 kV

For EHD spray, Cloupeau and
Prunet (1989) [28] investigated electro-
static spraying from a capillary which the



droplets were formed by the breakup
of a permanent jet extending from a
volume of liquid in conical form. Su and
Choy (2000) [30] fabricated CdS thin films
using an electrostatic spray assisted
vapour deposition (ESAVD) method from
water/ethanol solutions of cadmium
chloride and thiourea with different Cd:S
ratios. It could be seen that the Cd:S ratio
had very little influenced on the optical
property but had a tremendous effect on
the conductivity of the CdS films. ESAVD
technique can produce CdS films with
optical and electrical properties which
may be suitable for solar cell applications.
Bocanegra et al. (2005) [35] used for
electrospraying liquids in steady cone-jet
mode. This novel device had been
used for multiplexing cone-jet menisci
anchored at the rim of orifices drilled on
a slide, as shown in Fig. 4. The manu-
facturing process of high compactness
multi-electrospray atomizers becomes
much easier and cheaper if holes instead

of needles were used as emitters.

NIANTININTIATHULITDENTLRABUNAT
CRMA Journal

OO

SILIISS Z
rrrrsrs L

-

Fig. 4 Electrical effects in multiplexing

Kebarle and Verkerk (2009) [36]
considered an advantage for users
of electrospray and nanospray mass
spectrometry. The conversion of the ions
was presented in the solution to ions in
the gas phase. Neha et al. (2014) [40]
studied spray process under an electric
field in order to the deposition of zinc
oxide (ZnO) electron transport layer by
applying a DC voltage to the nozzle. The
nanostructure formed differed from that
in the spray deposited ZnO layer without
applying any voltage. This resulted in a
higher 10SC efficiency (~2.7%) and good
stability for a long duration (~105 days)
with only 20% degradation in PCE. On the
other hand, there was 46% degradation
in PCE of IOSC using spray deposited ZnO
layer without applying voltage. Yu et al.
(2017) [41] compared the performance of
piezoelectric and solenoid injectors. The

spray angle of kerosene and G50 were
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larger compared to diesel. The spray
volume and mass of entrained air for
kerosene and G50 were higher compared
to diesel, which indicates kerosene and
G50 could form better fuel-air mixing,
which was very important for the
performance of engine when fuelled by
WDF.

For EHD microfluidics, Feldman et al.
(2007) [42] experimentally studied
AC-driven electrothermal flow for
enhance the temporal performance of
heterogeneous immuno-sensors in mi-
crofluidic systems by nearly an order of
magnitude. Microfabricated electrodes
were integrated within a microwell and
driven at a frequency was 200 kHz and
10 Vrms. The results demonstrated the
ability for electrothermal stirring to
reliably improve the response time and
sensitivity within a given time limit for
microfluidic diffusion-limited sensors.

3.3 Inducing flow mechanism

The third mechanism, inducing
flow mechanism [43-61] was investigated
for electrostatic precipitator [43-56] and
EHD actuator [57-61]. The Induced flow
causes the total reaction to lean backward
in the plane of rotation. This also reduces
the perpendicular component of the total
reaction and reduces total rotor thrust.
The motion and precipitation of dust

particles in an electrostatic precipitation
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depends on the electric field, space
charge, and gas flow field and dust
particle properties. For electrostatic
precipitator, Yamamoto and Velkoff
(1981) [43] experimental and theoretical
studied the secondary flow interaction in
the wire-type electrostatic precipitator.
The calculated numerical results
demonstrated close agreement with
experiment. Luc et al. (2001) [46]
experimental studied by Particle
Imaging Velocimetry (PIV) in a wind tunnelin
order to determined the influence of a DC
corona discharge established between a
wire and a plate collecting electrode on
the properties of an airflow around a flat

plate, as shown in Fig. 5.

Plate cathode

-

Wire anode

(b)

Fig. 5 The experimental flow visualization
when u; = 0.35 m/s: (a) No EHD when a flat
plate at an angle of attack of 15° (b) V, = 18KkV

when a flat plate at an angle of attack of 15°
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Fig. 6 Schematic side view of the an ionic
wind influence on the airflow velocity inside a

2D laminar boundary layer

In case of no EHD (Fig. 5(a)), airstream
flow separates from the inclined plate.
In case of EHD (v, = 18 kV), and the
inclined plate at an angle of attack of 15°,
airflow remains attached to the inclined
plate, as shown in Fig. 5(b). The result
showed that the electric discharge was to
convert electrical energy into kinetic
energy inside the boundary layer in order
to accelerate the flow close to the wall,
as shown in Fig. 6. Nozomi et al (2007)
[52] studied an asymmetric surface-barrier
discharge induced a unidirectional gas
flow of several meters per second near
the electrodes. With the mean value
of the particle velocity (v) during one
period as the mean flow velocity, the
flow velocity distribution in the asymmet-
ric configuration. The mechanical power
of the flow (F) calculated by where is

air density and is the electrode length.
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P, :I;pumwy (1)
The larger flow velocity is observed at
the smaller y position. The momentum
transfer from positive ions to neutral
molecules occurs at the head of the
streamers, where the electric field was
strongest and the momentum transfer
during the negative-going cycle was
dominant, and the unidirectional gas
flow was induced in the direction of the
extension of positive streamers. Farnoosh
et al. (2011) [54] created to evaluated
the electrical and EHD characteristics of
a single spiked wire-plate electrostatic
precipitator. The EHD secondary flow
pattern and its interactions with the
main airflow in different planes along the
precipitation channel were examined for
different voltages applied to the corona
spiked electrode. Hao et al. (2016) [56]
were numerically analyzed the flue gas
using magnetic Mn-Fe spinel. Mn-Fe
spinel showed an excellent ability for the
simultaneous capture of S0, and Hgo at
the temperature window of the WESP
(i.e. 50-100 °Q).

For EHD actuator, Artana at al. (2003)
[57] analyzed the modifications of the
near wake of a circular cylinder (2,300<
Re <58,000) when the flow was perturbed
steadily using an EHD actuator. The
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discharge produced an electric force and
changed the physical properties in the
fluid layers at close vicinity to the surface.
This plasma sheet diminished the base
pressure, modified the size of the mean
recirculation region and produced an
increase in the shear stresses of the
layers bounding the contour of this
region. Intra et al. (2015) [60] numerically
and experimentally studied for collecting
negative and positive ions in a coaxial
cylindrical electrostatic collector for a
mini-volume electrical PM detector.
Schematic diagram of the cylindrical

tri-axial charger was showed in Fig. 7.

Inner electrode —

Onter electrode

1/
/— Charging zone
J'

Corona wire

TR0

il ‘-
‘ L\\.J‘J‘I\? R

e

)

Delrin®
Stainless

Agrosol outlet

Fig. 7 Schematic diagram of the cylindrical

tri-axial charger

Numerical calculation resulted of
the ion trajectory in the collecting zone
of the collector in order to showed good

agreement with the experimental results
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of the total collection efficiency and
could be used to support the bettering
of designing in order to refine an ion
collector after the charger or ionizer in a
mini-volume electrical aerosol detector.
3.4 Mixing process

The last mechanism was mixing
process [62-109]; this mechanism is
developed in order to mix a particle.
The heat transfer and mass transport
is enhanced, especially with respect to
evaporators and condensers, has been
performed. It can use in boiling and
condensation [62-67], heat and mass
transfer [5, 68-94], heat exchanger [95-96]
and drying process [87-109]. The rapid
control of performance by varying the
applied electric field, the simple design,
and low power requirements are all
advantages of the application of EHD.
For boiling and condensation, Yabe and
Maki (1988) [62] were experimentally and
theoretically analyzed the augmentation
effects of an EHD liquid jet on convective
and boiling heat transfer. The convective
heat transfer from the plate electrode
was enhanced over 100 times by the
forced convection and the turbulent ef-
fects of the EHD liquid jet. The mean bub-
ble detachment period was decreased,
and the critical heat flux was enhanced
over two times. Sharma et al. (2013)

[67] numerically studied the effect of an



externally applied electric field and bulk
ion-concentration on the evaporation
rate of an electrolyte film in contact
with a wall. A mathematical model for
steady state condition was developed
to couple momentum, energy, and mass
conservation equations together with the
Poisson-Boltzmann equation that
describes charge distribution in the liquid
film. The results showed a non-uniform
volumetric heat generation due to Joule
heating that induces a temperature
variation along the film length and in the
direction away from the wall.

For heat and mass transfer,
Dulikravich et al. (1993) [70] used
mathematical model for laminar steady
flow. Numerical results clearly demon-
strated the influence that an applied
electrostatic field and the consequent
electric charge gradients could had on
the flow pattern, temperature field and
surface convective heat fluxes. Kasaya-
panand (2006) [78] studied heat transfer
enhancement using EHD technique for
channel installing multi-electrode bank
arrangements. The results showed that
the electrode bank arrangement which
obtained the best heat transfer perform-
ance was expressed incorporating with
the optimum electrode distance ratio and
the heat transfer enhancement was also

depended on the number of electrodes
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per length and the channel dimensions.
Go et al. (2008) [82] experimental studied
enhancement of forced convection heat
transfer using an ionic wind. Experiments
with different electrode gaps reveal slight
changed in both upstream and down-
stream enhancement but consistency
in terms of the location of maximum
enhancement near the corona wire.

In order to consider flow phenom-
ena, measurements were performed
to visualize the flow pattern. For the
past decade, incense smoke techniques
for investigating flow visualization of
the EHD had been applied, in order
to analyzed the modifications of flow
when it perturbed with an EHD effect.
But very short time exposure pictures of
Corona wind were captured. Recently, our
research group has tried to numerically
investigated Corona wind subjected to
EHD effect [5, 87-88, 90] in order to the

heat and mass transfer.

(a)

¥{m)

x{(m}

(b)

¥ (m)

x{m}

Fig. 8  Swirling flow when V=20 kV and u =
0.3 m/s (a) Ground wire (b) Ground plate
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Fig. 9  Swirling flow when Vy = 20 kV and
u. = 0.5 m/s (a) Experimental result of incense
smoke technique motion (b) Experimental
result of incense smoke technique motion

with vector form (c) Simulation result

Saneewong Na Ayuttaya et al.
(2012) [88] carried out on the numerical
simulation of ground arrangements
on swirling flow in a rectangular duct
subjected to EHD effects. The result
shows in Fig. 8, ground plate (Fig. 7(b))
was widely swirled and extended more
than that of ground wire plate (Fig. 7(a))
but ground wire could strongly induced
the swirling flow to the local place when

inlet velocity (u) = 0.3 m/s. In case of
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ground wire, the strength of local fields
seemed to be very interesting in the way
that the technique might be used in some
applications that required the local
strength of Corona wind and velocity
field, etc. Saneewong Na Ayuttaya et
al. (2013) [90] numerically explored the
influences of electrode arrangements
and the number of electrodes on the
swirling flow under electric field. The
resultd showed that the distance
between electrode and ground in the
horizontal direction become closer, size
of swirling becomes smaller but vorticity
was stronger. This was because of higher
and denser electric field intensity. With
increasing the number of electrodes,
electric field increased. This causes
swirling to be larger and more violent. For
Fig. 9, by comparing flow visualization,
simulation results (Fig. 9(c)) had good
agreement with experiments (Fig. 9(a-b)).

Tian et al. (2017) [94] numerical
investigated heat transfer enhancement
by EHD in a rectangular double-wall-
heated channel with an emitting
electrode pair. An advantageous elec-
trode arrangement in which one elec-
trode impinges on the top wall and
the other one impinges on the bottom
wall was proposed. Based on the
above superior design, the heat transfer

enhancement level by EHD was dramati-



cally improved, which was enhanced by
166.4% for the top wall and 242.7% for
the bottom wall compared with those
without EHD effect.

For heat exchanger, Wangnipparnto
et al. (2003) [95] presented a numerical
method to analyzed the thermosyphon
heat exchanger with and without the
presence of EHD. For the balanced ther-
mosyphon heat exchanger, the calculat-
ed results of heat transfer rate for water
and R-134a agree well with experimental
data. Lin and Jang (2005) [96] numerical
and experimental analyzed heat transfer
and fluid flow analysis in plate-fin and
tube heat exchangers with a pair of block
shape vortex generators. The results
indicated that the proposed technique
was able to generate longitudinal vortices
and to improve the heat transfer perform-
ance in the wake regions. A reduction in
fin area of 25% may be obtained if vortex
generators embedded fins are used in
place of plain fins at Re, =500.

For drying process, Lai and Lai
(2002) [97] studied the effect of electric
field parameters on the drying rate in
packed bed with wire to plate. The
results showed that drying rate could be
greatly enhanced when electrical voltage
applied. In the absences of inlet airflow,
the enhanced drying rate by electric field

could be expressed as function of the
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Sherwood number and EHD Reynolds

number , which are defined below.

sh=| |4 (12)
A.Ac )D
Re,,, =| - |2 (13)
pbA, |v

where m is mass transfer rate, d is
diameter of the wire electrode, 4, and
4, is surface area of sample that is ex-
posed to Corona wind and copper plate,
respectively. Ac =c¢, —c, (c,and ¢, are
water vapor concentration in air and at
the sample surface, respectively), D is
mass diffusivity, I is corona current, s is
distance between emitting electrode and
ground surface, P is density of air, is is
ion mobility and
Cao et al. (2004) [99] studied the drying
characteristics of wheat by a high voltage
electrostatic field (HVEF). The drying rate

increased when the voltage increased

is kinematic viscosity.

and the discharge gap decreased. The
power consumption was very small
with the current of a few microamperes.
A regression model to describe the
drying characteristics of wheat treated by
a HVEF was developed. Chaktranond and
Rattanadecho (2010) [106] experimental
studied the heat and mass transfer

enhancement in porous material subject-
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ed to electric field using ground wire. The
results showed that the convective heat

transfer coefficient and drying rate were

considerably enhanced with the strength

of electric field influencing Corona wind.

A X
d A w
g%
. m M
5 10 15 20 25
Voltage (EV)

Fig. 10 Current-Voltage relationship

Ashutosh et al. (2015) [108]
investigated the EHD drying characteristics
of wheat and its effect on the conformation
of wheat protein using Fourier Transform
Infrared Spectroscopy (FT-IR). It was
observed that the drying rate of wheat
sample was significantly affected by
applied voltage (Fig. 10) and air velocity.
This study also showed that wheat
protein conformation was significantly
affected by EHD drying. Peak fitting
using Gaussian band shapes suggested
that exposure to electric field influenced
the hydrogen bonding pattern of wheat
protein resulting in shifts between low
and high frequency bands which further

supported these results.
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4. Discussion

From above literature review, initial
setup for application initial parameter is
necessary for application. The first group
of mechanism (increase flow) suitable for
low Re and low Vo the second group of
mechanism (injection flow) suitable for
medium Re and medium VO, the third
group of mechanism (inducing flow)
suitable for high Re and high A and
the fourth group of mechanism (mixing

process) suitable for medium to high Re

30 and medium V as shown in Fig. 11.
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Fig. 11 Comparison between electrical voltage

and Reynolds number of EHD application

In addition, evolution of EHD
application from the past until now is
showed in Fig. 12. It can be seen that
EHD is seriously studied since 2000. For
the first group of mechanism (increased
flow), the most researchers are studied

by the numerical analyzed, because



computation fluid dynamic (CFD) is suitable
for fluid problem. For the second group
of mechanism (injection flow), the
most researchers are studied by the
experimental analyzed because two
phase flow can not solved by CFD. The
third group of mechanism (inducing flow),
the most researchers are studied by the
experimental analyzed, because high Re
and high VO are installed for induced flow
so this phenomenon is clearly studies for
experimental analyzed. Many research-
ers are studied in the fourth group of
mechanism (mixing process) and the most
researchers are studied both of numeri-
cal and experimental analyzed. By the
several research, experimental analysis
is compared with numerical analysis in
order to comparison results in both tech-

niques are in good agreement.

5. Conclusion

In this literature review, the first
research group of EHD investigation is
Melcher and Taylor in mid 1969s and in
1978, Yabe originally described the EHD
principle. After that, many researchers
had been the development of EHD
and their implementations in various
applications.

In this research work, main four EHD

applications are divided from mecha-
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nism characteristic. The first mechanism
is increase flow mechanism; it is used
for EHD pumping and biomechanics
application. The mechanism of increase
flow requires a low Reynolds number
and low electrical voltage and the most
of researches are presented by numerical
study. The second mechanism is injection
flow mechanism; it is used in droplet,
electrospray and microfluidics applica-
tion. The mechanism of injection flow
requires a medium Reynolds number
and medium electrical voltage and the
most of researches are presented by
experimental study. The third mechanism
is inducing flow mechanism; it is used
for electrostatic precipitator and EHD
actuator application. The mechanism of
inducing flow requires a high Reynolds
number and high electrical voltage and
the most of researches are presented
by experimental study. The fourth
mechanism is mixing process; it is used
in boiling and condensation, heat and
mass transfer, heat exchanger and drying
process application. The mechanism of
inducing flow requires a medium to high
Reynolds number and medium electrical
voltage and the most of researches are
presented both of experimental and

numerical study.
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6. Recommendation

From this research work, EHD can
use in a several application. Some
previous researches describe the low
energy consumption for EHD mechanism
but it has not yet studied with
consumption of electric power and
economically optimal design for industrial
application. Furthermore, biomechanics
will concentrate in studies for many
researchers due to it is the study of
the structure and function of biological
systems in humans. For the military

coating technology, military paint system

is designed for external surface treatment
of military technology, coating technology
for vehicle applications, equipment
and material. This technology is related
with electrostatic precipitator from third
mechanism (inducing flow mechanism). In
the future, EHD receives a high education
so electrostatic precipitator maybe used

in military coating technology.
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ABSTRACT : With the limited and uncertain amount of allocated budget by the
government, the research and development project with self-dependency based policy
is considered as the key issue of the Royal Thai Army. This paper proposes the criteria
for performance evaluation of the military-armament research and invention projects
sponsored by the Royal Thai Army in enhancing the self-dependency policy in terms
of the manufacturing potentiality. This research implements a combined methods of
brainstorming and voting analytic hierarchy process (VAHP) based on the opinions of
the expert groups for criteria selection. The findings are principally four main criteria
consisting of the aspects on tactic, logistics, science & engineering, and comparative
standards including totally 15 sub-criteria. For performance criteria validation,
the evaluation form is developed using the obtained weights of the proposed
criteria and 0-10 scaling score for performance measure of the particular criteria. The
evaluation is conducted for the selected past projects. The comparison result reveals
the proposed criteria have a better discrimination of the project’s performance than

the current method.
KEYWORDS : Military research, Military invention, The Military-armament research,

Voting analytic hierarchy process method (VAHP), Research project

ranking
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Microwave Drying of Rice Herb Color Coating
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ABSTRACT : This paper presents the experimental study of drying rice soaking in Thai
herb with microwave. The purpose is to increase the value of rice and increase the
variety of products made from rice. Because Thailand is a rice farmer. Most Thai people
prefer to consume rice as the main food, and most consumers prefer herbs that are
beneficial and associated with the Thai people for a long time, where herbal rice is
another choice for consumers. In the experiment 3 herbs were yellow, red and blue.
The rice was dipped in herbal juice and soaked in water for 1, 3 and 5 min, respectively.
The moisture content was changed between 18-22 %wb. Then microwave drying was
performed to reduce the moisture content of the treated rice. Drying with microwave
power at 80, 240 and 400 watts. Drying time was 10, 6 and 5 min. After 80 watt microwave
drying. The final moisture content of the treated rice was 9 -13 %wb, microwave oven
240 watts. The final moisture content of rice after baking was 7-11 %wb, microwave oven
400 watt. The final moisture content of rice after baking was 4-8. %wb.For the specific
energy consumption 80, 240 and 400 W microwave drying were 83.81, 35.67, 35.24
MJ / ke of water evap., respectively.

KEYWORDS : Herb Color, Rice Herb, Microwave Drying
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The Design and Fabrication of Economy Nutrient Flow

Technique Vegetable Hydroponics Set
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ABSTRACT : The Nutrient Flow Technique (NFLT) Hydroponics is an innovative agricul-
ture. It saves time for culture but requires high investment structure of Hydroponics Set
costs and pump electric powers for nutrient solution flow through root of vegetable
for 24 hours. The objective of this study is to design and fabrication of economy NFLT
Vegetable Hydroponics Set and to compare the efficiency of Hydroponics Set in 3
models for hydroponics vegetable growth. The studying was designed the NFLT Vegeta-
ble Hydroponics Set of 20 channels that was 70 cm. width, 85 cm. length and 1.80 m.
height in 3 models. That had the height of dam varieties (5, 10 and 15 mm.). Its were
brought to trial of lettuce varieties (Red oak, Red puttavia and Butterhead) compared
the growth with NFT Hydroponics Set The study was found that the efficiency of NFLT
Vegetable Hydroponics Set by the growth of lettuce varieties was found that, at 15
mm.dam height in fresh weight of red oak and red puttavia were significant difference
from 5 mm., 10 mm. and NFT but in butterhead was not significant difference. The

average root length and number of leaves were not difference.

KEYWORDS : Nutrient Flow Technique Vegetable Hydroponics, Red oak, Red puttavia,
Butterhead
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ABSTRACT : This research aims at examining the current situation of wooden
handicraft business and developing a knowledge-based system for wooden handicraft,
using the case study among carvers in Hang Dong and San Pa Tong districts, Chiang Mai
province. The Quanlitative approach is applied via document analysis, participatory
and non-participatory observation, structural interview and in-depth interview. The
study results show that 1) The wooden handicraft and other handicrafts business in
Hang Dong and San Pa Tong districts still have been run by enterprise group, despite
continuously decreasing number of carvers and shops with smaller number of new
carvers. 2) Knowledge management has been conducted per Knowledge Organization,
using classification approach with main topic set up per the KM framework in
order to obtain the KM approach and theoretical concepts of KM system, resulting in
knowledge classification by groups such as equipment/tools, type of wood, carving
method/procedure, carving techniques, unique pattern for carving and name list
of expertise carvers (carver teacher) 3) The carving knowledge database has been
designed has been developed by using UML Diagram for user’s system assessment; using
Data flow diagram, Use case diagram, Class diagram and Activity diagram for database
system design; and separating users as common user and authorized user with identity
verification’s requirement in designing the user screen and the carving knowledge-based

system. The results of the evaluation were good.

KEYWORDS : Knowledge Management System, Knowledge Base, Wood Handicraft
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ABSTRACT : The objectives of this research were to study land use and land use change
in the Thai-Cambodian border area at Phra Viharn Temple by classification of land use
from LANDSAT-5,LANDSAT-8, and THAICHOTE satellite in 2005, 2010, and 2015. This
study also analyzed changes in land use by comparison matrix. The study found that
para rubber area increased by 128.83%, followed by rice fields, oil palm, cleared land,
and villages and building, respectively. In addition, field crops were the most likely to
decrease. Most of the area was converted into other economic crops such as para rubber,
rice, oil palm, and orchard and fruit trees. In the area of natural forest, the evergreen
forest, mixed deciduous forest, and dipterocarp forest tended to decrease slightly due
to expansion of agricultural area such as para rubbers, field crops, and rice fields. Land
use change in Cambodia during 2005-2015 showed that mixed deciduous forest and
evergreen forest declined by 53.29% and 32.38%, respectively. Most of the area was
changed to be field crops, cleared fields and rice fields. The villages and building had

increased significantly in 2015.

KEYWORDS : Land Use, Land Use Change, Geo-Informatics, Thailand-Cambodia Border
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Abstract : This research paper aims to study the factors that facilitate the knowledge
sharing and transferring to value creation of Small and Medium Enterprises or SMEs.
The research question is what are key success factors for SMEs can create value to
their business. This research is qualitative research and using phenomenology research.
The selection of the key informant using snowball sampling technique by researcher
asked a courtesy to the president of the Northeastern of Small and Medium Enterprises
Association to Nominated entrepreneurs with the following features : 1) To be
member of the Northeastern of Small and Medium Enterprises Association. 2) To be Thai
business owner. 3) Export company only . 4) The business is awarded by private en-
terprise or government agencies can be considered a successful business, which have
selected seven types of businesses and have chosen two organizations per types of busi-
nesses. They have comprised of 14 owners and 19 permanent staffs and data collection
using in-depth interviews with key informants and the researcher talked unofficially too.
The question used in the interview was based on literature review and related research
in the knowledge sharing concept of the SECI Model of Nonaka & Takeuchi [14] and the
knowledge transferring concept of Karl-Erik [17] and the value creation is the goal of
the organization in view of three areas: 1) Customer value 2) Products. 3) Competency.
They have been used in in-depth interviews to collect information to cover the issues
they want to study, as well as to open up unspoken dialogues to gain access to the
phenomenon. Subsequently, the results were generated, and categorized as in-depth

interviews with key informants. The question was raised until the category was created.
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The data is stored and analyzed in the same process. The researcher analyzed the data
and collected the data to be processed together.

The results of this study showed that the factors contributing to knowledge
sharing and knowledge transferring into create business value of SMEs are two types:
1) The internal factors are four types : 1.1) The business goals; 1.2) Act as a role model;
1.3) Motivation; and 1.4) Acceptance of knowledgeable employees 1.5) The use of
information technology to direct and transfer knowledge in how to work in production.
2) the external factors are five types : 2.1) The relationship of the founder's business;
2.2) The mutual benefit; 2.3) Accepting external networks who have more knowledge

than themselves; 2.4) The organization that support the founders of government; and

2.5) The use of information technology and communication.

Keywords:

Factor Enabling, Knowledge Sharing, Knowledge Transferring, Small and

Medium Enterprises, Value Creation.
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ABSTRACT : The purposes of the research were to developed a Screening of Chronic
Kidney Disease Patients System Based on Data Mining Techniques, compare the
performance of algorithm of predicting disease and evaluate the performance of
predicting disease system. The main functions of this system included the management
of information of patients and medical personnel, physical examination, prediction of
kidney disease, assessment of predictive result, model management and other various
reports.

The research findings showed that the Random Forest Technique that utilized
the dataset containing Oversampling Data had the highest accuracy value of all the
information was 97.29%, precision value was 95.76% and F-Measure value was equal to
97.44% and this (particular) data mining technique can be used to develop a model to
predict the occurrence of kidney disease. The result of performance evaluation for the
prediction of kidney disease by the system found that (the system) is able to predict
the new data as correct as correct as 95.71%. It can be concluded that the techniques
and model can be applied in the development of medical support systems effectively
in the future.

KEYWORDS : Screening patients, Chronic Kidney Disease, Data mining, Predicting kidney
disease.
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ABSTRACT : The research objective is to develop an application to assist and
encourage elderly Thai people to use mobile devices for the purpose of reading, and
to evaluate and provide feedback in regard to the application. The application enables
elderly people to use smartphone applications to read text messages from the Thai
drug label. By evaluating the accuracy of the application, a test method was developed
for 7 different Thai character sets. The accuracy for this application was determined to
be more than 70%, with a maximum accuracy of 92% from the letter TH SarabunPSK.
With regard to the Diffusion of Innovation theory: DOI, the application was evaluated
by 5 experts, with an arithmetic mean of 4.32, with a standard deviation of 0.48. This
indicates that the application to assist and encourage elderly Thai people to read
on mobile devices was accepted to be brought for the dissemination at a high level.
The application was then distributed to 30 elderly people in the Angthong Province.
Subsequently, the application efficiency was measured by using the theory of Unified
Theory Acceptance and Use of Technology: UTAUT, the arithmetic mean determined to
be 4.58 with a standard deviation of 0.49. This indicates that elderly users agree to use
the application to assist and encourage reading on mobile devices at the highest level.
User satisfaction with application was evaluated, and it was found that the arithmetic
mean was 4.67 with standard deviation of 0.47, indicating that the users were satisfied
with the application to assist and encourage elderly people to read on mobile devices
at the highest level. The findings from this study indicate that this application is an ef-
fective method for the elderly to read Thai.

KEYWORDS : Optical Character Recognition, Thai Text, Mobile Application
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1.1 Aawnariasisiiietusdnuuey
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e

1.2 sonwuuseUndiaduiieriouay
duasuniserunwinedmniulgeenguu
gunsalytiannm

1.3 WanueUndinduiiotiouazdaasy
n1seuM s nedmivdasenguugunsal
gRannnTianunsastenmleuazyhausey
seUUUURNsuaUASaEs (Android) a3ty
5 1 0uduly

1.4 Usziiiudseaniaimaiuainugn
FosvsuaUnainduiiorlsuazaasunis
grunwinedmiudgeenguugunsaiyin
nAmIudaLaNAaBUAI8NYs (Font) 913U
7 sqm(?f'aé’ﬂmﬁ@mﬁu 19kA TH SarabunPSK,
AngsanaUPC, BrowalliaUPC, CordiaUPC,
Leelawadee, FreesiaUPC gy EucrosiaUPC

1.5 Useliuuss@nSnmeienguinis
WeLNIUINNISU (Diffusion of Innovation:
DON) vesweUnAlTuiorIouazaLasuNs



g1unwinedmsuggeenguugunsaivin
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WA laedWedvgy Il 5 vinu dadugd
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1.6 kNI waUnaLaduLitey e uay

duasuniseunuwnedmiudgeenguu

gunsalgdannniunngusiedreimduygs

a

018@9iony 60 TIulU Fanevsuasvds
Fafdnuaensueadulussiuunifianunse
waaiulinenlamselduiunivegs
o1giifiangnienn $1uau 30 vinu Tudwa
Ui Sunawdles Sminenames Fadungy
Fregrsonanatnswuvaiaslaniusiuiud
Teseteusy Welinsweunsuoundindu
ity udh asvhnsmadeunsadagae
miwmaauamagmﬁw T-Test Dependent
Samples 91NAZLUUAIINYNADITINGY
feogseuaaineinenilagldldieUunaia
Fufunsenulagldieundiadu

1.7 Yszillunausgsdnsninniengu
nssausunsitmaluladansaume (Unified
Theory of Acceptance and Use of
Technology: UTAUT) Taengusnegnadiiiy
HasengBeiony 60 BiulY Aldidhiameusy
LN ROUNBAT ot euardLasunig
g1unwinedmsudgeeneuugunsaivin
WANIAINUD 6)

1.8 Usziliuuseansnnauanuienel
weundirduiiiotisnardnasuniseunw
Inedmiudaserguuaunsaiviiannnilag
nausegsiiulasengdsdiony 60 Viuly
FlgdnsaneusumeunsweUndnduiiote
wazduasunIseun W inedmiudgeeny
uugUnIalstinnnn1aInte 6)
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2. nudTeiiisadas

n1siau e UnALAtuLiieyouas
duasuniserunwinedmiulgeenguy
gunsaivdannmléFnuiAgiunsuszana
AT

21 n15UseuiananIn (Image
Processing)

nsueaiuresywe Judsddny

wazfunalnnsfunniidudeussnanils nm
fanudidgid ueg19uindiusunns
doarsmisnisuendiudesanidilale
g nszviunsulasteyaninlvieglusy
wuuteyafdvia (Digital Format) 1Uun1s
Tipoufiames lun1sUsENlIana 350151
N1sUTzINANG WU N15uUasnIn (Image
Transformation) n15deIunIN (Image
Description) 151589017 (Image Filters) N9
AUALAIN (Image Restoration) N15U5UUS4
AMAINYBINIW (Image Enhancement)
NswUININLarNIIIYeUTnglunIn (mage
Segmentation and Edge Detection) whag
miﬁuéjmﬁi’ljamuamw (Image Compression)
Dudu 4, 9-11]

2.2 n9iavia (Digital Image)

AndesRdIvarduniniiiinain

ATTUIUNTITNILES (Optical Process) R
Aannndsnuaduuivantii (Electro-
magnetic Spectrum) #a1g9 Y9
LAsIIUAT S9Flenese (X-ray) $93Duq uay
Bunssa (Infrared) 1udu wagndsnuides
W dans191ud (Ultrasound) annsenuing
waazougUsTamIuivesyed W
A1 Y vi3egUnIalngIadu (Sensor) UITY
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a

534@LﬁummauhLawwzwnww%al,ﬁmmﬂLLm
S35uURITY BRI Ao Tladdy 2
1R f(x, y) U9IANTUVBILES (Intensity)
Tnedl x waz y vosilefdu f o fuvis
(x, y) ln9 awiludadiuiuanuainsvesias
ol suvvetiu [14] Tnganunsautsuseiam
AMwiBsAIas

221 A W@ (RGB Image) Aluusiay
Wnwa (Pixel) V09N IMEAUTENDUAILLINADS
(Vector) fiuansAvesduns (Red : R) &ife
(Green : G) wardiniu (Blue : B) otsay
8 U [10-13] fatiu RGB Image 1 finwaay
Usznaulugesuaudniemun 24 Jn viils
AT uER Tl aun 167 &1ud

2.2.2 AMNEWT (Grey Image) Anlu
LARERNYATDINNELNIAG AIAINULNVDS
LAl uslaziuisvosusiafiniea Jsazer
lugUves Grey Scale (Grey Level) Funey
msulasndlidunmseaum vlaleey
wensaudusiaziiniwasenainiuluguuuy
3 RGB 9 nifuarthend RGB wdgannis
Wemuameadimazinailaluunui
nfinwaiiy Tnodualdanaunsi 1
[12-13]

G'=0.3R+0.59G +0.11B wie (1)

, _ R+G+B
=773
Taeiuualn

G' A9 ANSEAUAWN
R B ANSEAUALAY
G fp ANSEAUARNEND

(%
v a o a

B A A1SEAUALNNY
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223 ameen (Black and White
Image) AllulsazingarasnIna1InaEley
Wies 1 On Seasdimniiiuldldaesenfo 0 (@
A) hag 1 @) Wi Sumeunsudasnin
dimlvinanaidunmenam agsiliaiunsa
wening (§nws) venaniiundild lasendeTs
nsissalan (Threshold) [16] t53alan
BBl lunsudasamddng 4 Teglugy
WUUTRINNIEAUITIAN Tagldaissaluanii
n53uuNTRg uaziundseeanantu minga
Tolunmidusimarudutosninassaluas
niufargnuiuliduden widhgela
TunmilarruduannninAissalyan Nay
gnusulimdude

MIAnfdnYIN T INgeanaNeNas
AwBsAdTaEunA TSNS
i (Scan) ilouvadlyiegluguuuuves
BNENINMNERTTR taviignisuseana
nan Tnedduneu nsuvasnmalniy
AMsEAUWT Asulasnmszaumi iy
AINVIIAT NIFANTAFYYIUTUNIU N3
FIMUNUITNATDAIIY WAZAITIILUNG
Snus0naNUsIIAtaAIY nadnsTld
ffio gUamidnusnlnediniemiuing
NILUIUNTIAMENWETLAY [14]

2.3 nN15A19ndgg1045Un34 (Noise
Reduction)

dleldnmasudavenuindad
duiuioglunm Vildnmdudslifanm
Tatau e001AUITNITMARFYQIMTUNIU
ganannN HadnET ezl Ly
Bty Tnedsnsidndyaiusuniu
anunsaviladeissolud [12, 15-16]



2.3.1 Morphological Image Processing
Dunsilaseade 0 vio 1 vueanialy
MIvuA TRt aziwitsuunmarldnng
oyIuEmANaTEnInslaTaad et uA i
ogldlasaaing Idnadnsunusuaiidums

1u Morphological #insvinaueg 2 wuusail

1) Erosion Aia NM3fAAT8UNNINIL
ibiingianas 1 finwa

2) Dilation A® N15LALYATOUVEUING
an 1 finwa

#1nYi1 Erosion wagyinsianae Dilation

a ] . & ° Yo A &

9213831 Opening v v stiingiiantiu
gnindneenluasueningieuseiumiedy
U199 98n31nAY MNUuIWhIiingiivwe
Ty veuiteuIu naansazlaingilvwn
WinLANMINII Dilation wagyvinsasae Erosion
9gi39n71 Closing 51809 7199 Neguuing
o > Y X U q
% a @ v o Y I Y
Tuaggniduiunmuainliingneglnanu
WNgnweNseiu NUuINlingiSe iy
HaaNslaTngasdvunminey

2.3.2 Text Noise Filters 1Jun15n509
FYEIUTUNIUTDINNIATIFIS N YTUUA N
= T X A a a'
fanudaldidsuluiuiivun 1 finea 9
Usinglang Wugnialudiuiiuusenun
azasadevlalasldlassainuuin 3 x 3
a dy d‘d‘d 1 1 a ¥
Anwa fAunidvuialvgniai 1 finwa lgns
NTIUU kFill asaanula@s kFill Wunns
TelAssasnsuuin k x k inwadsusznau
mgdunegnsinatsiivug (k- 2) x (k - 2)
a ¥ = 1
NNWALATAUTOURNTINA9DN Ak - 1) WU 3
x 3 9RTINAN (3-2)x(3-2)=1 Nnwa waz
foUTAUME 4(3-1) = 8 Ninwa Tudiunss
nansvzgnivuaalimileuiuvua (Fill)

NIANTININTIATHULITDENTLRABUNAT
CRMA Journal

\Ju 1 (ON) %38 0 (OFF) M3HaNTaUAN
{u ON (w38 OFF) affaaginnimilarumss
nanwvedlassasivegdendu 0 (nie 1)
Fovmnuazdouludstuagfuaosiaus 3
filsanavesfinisaludiuiidensevay
Fleannnsi 2

(c=1) and {(n>3k-4) or [(n=3k-4) and (r=2)1} (2)

Taemuua i
& ° a | v Ao

n usuunnwaludIunasusaundl
Aty 1 (439 0)
) 1 a d'd 1 I~ d'

¢ uunguresiineaniialu 1 Neg

Y

Ansteuludiufidausou
r Sruufinwadiogyuiidandu 1
(30 0)
2.4 0159 UUNYITINTAI LAY
TMUAFTITNHTOONDINUTTATDATIN
dleldamdifiaanudaiauainnis

o

MdndyeIusuniuead azdiguandng
JUNDUNITIUNUITTNATDANUBALIIUN
FDNWIBINIINUIITNAVEAINY 198ld35n13
lUsiaAtu (Projection Profile) u35n159
ﬁ'mm@amaﬂgmﬁﬂﬁﬂssmuﬁ’mﬂuﬁaé’ﬂm 9
aa [ 35 1 I~ aa
aﬁmﬂﬂmﬂmuummmLLmaamUu 235
mu [12, 17-18]

2.4.1 35M5IUSHRATUANLLLILDY
I aa d' LY [ I
RN GRERE AL R PR R R RIAIRIA
U397iALe LngAIUINgnanvseaiiniga
d'd 1 I3 d" = 1 d'
PRANTY 1 MULUILIY X FINUN8D9EIUTN
Wuddnwsmunuivau wavzlseanunlu
sUraINTMBalawnsy (Histogram) 439709

‘WﬂL“Uﬁ%lmu@’]@ﬂ‘l%uu%”Lﬂ@ﬂf@\‘i’ﬂ\‘mu 7N
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AULANANIHI 91U e AsIE T

De

v v

vmg@Léué’uLLasagmauqmsummaﬂwnwiaz
UsSVIRLA
2.4.2 FanslUsAtuAILLIRg
Juannsfianuisanensasnusuiazdaly
wAazussTmeenaInAula 1aeisnisAIuIn
AREAUNTTIUSIOATUALLLIUDY LEILA
Lﬂﬁaumﬂmiﬁwmzummagmﬁﬁﬁmml,m
wnu X ludunsewnmeangadaimunug
uwnu Y wafildeensnazegluguvesdalaun
SUWUNU LarazldAULANANYDITDIINg
AAnTuandeilififsnuslunsinse
myaiF ULz AAuAATISNYILAALE
19 [19-20]
2.5 M3397938Nnw3 (Optical Character
Recognition: OCR)
ns3iddnualunseuiunisly
ASLUANINYDAINNAINNITREUNIBAINATT
funluduteruiianunsaudlulalnenies
Aeufinned Usznauludedunoudsil (5]
251 msUszananatudy (Pre-
Processing) Huduneulumsuduusiuay
Janseudoyalivunzauiunszuiunis
Sluduneudold nsUssaaanatuiy
Funeuiinudfsoussansamlngsou
¥9458UU wnflaufiawanaieduludiud
avdsnansynuludagiudaluveassuunie
annsauvadudunoudoslawad
1) nMsnsesdeyaunsndeu
(Noise Filtering) \Ju n1sannaudiuves
sUnmdndudlsifisszasdniniAnain
AN MYBINNFURTUERNLY
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2) n1sUSuunadeya
(Normalization) tJun1susunimaasnus
Teglusuuuunfeans wWu n1susuwun
sUMdnes MsuUasdsy nien1sususm
Y o o 2 v
anwsaedlvinge WWusu

3) nsdauUsnunldauy
(Cropping) +Jun1sfinuantonaniznn
Ushuguidnyseaninanamauaty

4) nsannanyuzdfgy
(Feature Extraction) 1dunsaaelaseasns
Nugrundfguesfidnessonun Loy
lasasnenugudmsunwling 019imun
9N yIn1w Ineisnualsznounig
LHUATY (WIAIMTBRUIUDN) LEULDEY T
(29nay) @iulAe @i euanAe a6
Jusiu 3alpssasandrdguosidnusasgn
lldlutuneunisidsiely

2.5.2 M3331 (Recognition) Tumeou
o Vo1 [ Y Y o v v
Hdelainduiilavesnisidndidnus
= [J ! = v a ! v v A
Wesniludiunagdnduiiguiidnusids
£ [d v v v = aaa
Wnllusiadadnusesls @ad3sn1snain
wangdeudunle

2.5.3 vuumsUszaianatulang
(Post-Processing) 1 UuTunaunaIaINNIT3
31 druidnazianufeliunisngiagsy
AUNABIVRINITAENAAILAY I8N Tl
My lagdnaglinauiynsuunglslunis
nIvdeumAndIaann il dnludfivie
WARILATBINNNBUNBE I NOUDN NIV
Aranane1aligndes Ingaunsonsiaaey
Tensalluszaudseloals

Yo v v [ =

n133ddsnusidunalulagsluuy

nilanglunisatvayunissudisnwsla



Qﬂéfad Juntanasub Wa¥ Sureerattanan
(2005) wusIsnYsoRMUUAaNYUIA 5X5
ufien iletudinnudazanvesgan il
AnauuAsvoudarudon antaldn
AlAEnesHAELLG (Hausdorff Distance
Technique) lun13331dAugNABY 92%
[23] ®9u" Leelasantitham Wag Kiattisin
(2010) taweIEN1s3ISNLIHAMILaY 10y
AsABUTLInURIEIS NS HAT AL ULAAE
falutuuin 40x80 finwa (3,200 Anwa)
MnnialiARNsTAsweUsTamMiTLLuULng
ﬂﬁumm%u (Three-layer Back-Propagation
Neural Network, BPNN) Imiu%u@uwmﬁ
3,200 Tyun Tutugousl 100 Tvua wayluty
winmil 54 ua anllun1s3an danugn
A9 97% [24]

Renuka Devi llag Kanagapushpavalli
(2011) Wnauen1siTurutenzidouse
voeduiiy n15331Uenzleu (License

Plate Recognition) +Jumaluladfigqely

FZUUABLNILADTDUNNIBLaINZLTEUTDI
PIUNINULIINAINAINDA LA SN IULRA
Usenause 4 tumeu eun Pre-Processing,
Segmentation, Normalization e Optical
Character Recognition ﬁaﬁ%ﬁumi
Morphologmal Usy EJﬂGlﬂUﬂ’]‘WL‘W’eJi U
fumisantuuszanananimdesiy Tag
Tdweallansusuuasdalaunsunazdanosiy
Meaning ¥ Morphological gnlddmTuuus
fsnusuazkadndilinnnsuszgnUiu

wskavassalUdediuves OCR [25] n153

I1inuslEIsnsWdgsUwuy Martinez-
Carballido wazAny (2011) LEWRITAITIAN

NIANTININTIATHULITDENTLRABUNAT
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lnzsaavlaenslguinuy (Template)
VOIAUAY VU 5x7 Wnwa unaziinigadl
A1 0 uae 1 NM33ailalaensanuuinves
Aiavasliiludovun 5x7 Ainwa uazily
Wisuisuusinuy 3adanugndedunis
S9PIAY 97.3% [26] Uag Bouazizi uae
Ay (2013) BiauaLA3RIE U0 MSY
WUU Standalone 14 TTS (Text-to-Speech)
way OCR (Hurenfursfiadsduluiai
Tdnuhedmugunanseamsasn lngan
sansiuisanasnuenatsiiulng
amtdgseuu OCR uiadldnmlidu
IWdsnus druvessyuu OCR Sdunaudene
@A Character Recognition, Segmentation,
Pre-Processing, Feature Extraction,
Classification Wag Post-Processing #8430
N19YNUVRIIEUU OCR 9gld Text File 11
whdszuu TTS sald ludiuvesssuu TTS
Ao 13t Text File Ailduvaadudes 3
Supoudes 5 leA Linguistic Analysis, Text
in Machine Friendly Language, Speech
Synthesis Wag Speech Wave Form [27]
n15338nwsluniwilng lnena
gousaidn (2555) ladaueitnisiansd
snwinw lneluwiuihenzidousosud lay
nsudsngudnysbilungudeslagly
ANUULLAUVDIFIONYT hazUIFIONYILARY
smuuvaduudonauin 5x7 vden waitu
AAnulagauvesgnnmifiaiaauidg
dluusazudon teliduduwnlvitussuy
391 Tuszuunisidnevldlasengsezam
ieurlaunsndudtu nansmnassenansa
sImdnuskavduavludensilousosud
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I¥igndos 96.04% [3] 2l wiiks uazdnhnne
Farssaing (2558) ldvhmsideiieatuns
STWngRYERINAULUSTTUIREMSURTNS
Tngldinauadunouidnisidmaneiany
aaniuuyasaua wagimuiaunaiadu
TuA1381UMIIELaTLAEATIDTINTAlAEN
101 Tesseract OCR Engine 11Uszandly
feusznausedunoudad 1) n1sufuuss
(Adaptive Thresholding) 2) N153LATIZ0IA
Usenau (Connected Component Analysis)
3) MsndudeniuLazvuneay (Find
Text Lines and Digits) 4) N3331vianeiay
(Recognize Digit) N15YNUUD I UNALATY
Hunsawnumneiay 6 wdn antusiinig
3BT UaZLARINANITITHIULEFYS
NuATelaiinismeageukeUndiatuiuy
Alpha uag Beta dalfaanfuntsiguia
Uszelng 91w 50 lu Judeyalunis
nAdy Kan1IUTTUUIEENININYBINS
39U4aEN130539519TalITeEATANYNADS
90 uag 100 Mseay [5] WAS ANy
o uazlnsdnd 1w (2558) Iemunnis
WinUszAnBamszuusifsnysfeuas
nwlnglagldmatia TF-IDF wavnasiaves
ARSI YT WAITEUUIINMSN YA
uasdusunwlve (Thai Optical Character
Recognition) Tnggjaitfuluiimsiannszuy
Uszaanagunin (Image Processing) i
TgaenuIsng 4 legediussansnim ud
Tadninvean1suszananagunmaslEiig
lunsussananagunnuuriliilidanunse
Usggndldaulaluunaeundiatuiideanis
muIndlumaihnuilensuausansld

180 Tt 15 (2560) VOL.15 (2017)

suesld InerhiaueIBnafinyssavsnm
spuuiddnusieualiliitnisuszana
Hagunn Ineuszendldisnig TF-IDF uazna
AN9VBIRILULIAIONYS (Text Position Dif-
ferences) HANTNAGBIAILTZNITINAIAY
gNApeiug111n53 U (Precision-Recall)
wagnuIdAgnApsiug lunsiTAnw
Inefindu 72.88% WanSsuileufunanis
FISNYIIBUAIUULAY [6] Malhar Uay
Az [30] lauuaundinduuuaunsnliu
hauuuszuu§oRnmIueunsesdiitete
Tiinvtesfisrannsadieninnuiudes
nniade g wuwues tenaislsausy
wazn1swUasanaiiu lag OCR uUssend
idleutanwiiudlodidudonuiiiu
awvessemavastinvieaiiodld 22 n1w
26 NQWNNITINGUNTUTHNTTU
(Diffusion of Innovation Theory %39 DOI)
nguinismewnsuianssudy
wqwﬁﬁugmmaé’mm?mm (Sociology)
vhiauelng Roger faustt o, 1960 [21] dwu
TdAnumsmeunswIinnssu 11l Moore and
Benbasat [28] lausulduuimnamuanuue
Y9UInN5U (Characteristics of Innovation)
NN ufN3TUIMenuaudR (The Theory
of Perceived Attribute) duifiundliluad
Usznaundndilduanuduuiniigaves
il DOI iefnwinisseniunaznisly
wAlulagvausiazyAna YiEaNNIIAMAN YL
yosuinnsau uandiiiuinuinnssudude
Neran1TeaNTU AIsHAMENYME 5 Usens
il



261 uianssuiuideldiiey
nI9iUaANIN (Relative Advantage) A® A3
Suhufanssuiuainsoldonldfninfiae
Hunou

2.6.2 1860n15ku (Fase of
Use) Ao mssuiiufmnssuniuldanldine

263 @runrsadainatiule
(Visibility) @8 mmsaé’ammﬁuqﬂﬂaﬁ'u 9
Tussansldauszuvansaumals

2.6.4 ANNADAARDINTOMUNT AL
fugldau (Compatibility) fie ANNEBAARDS
AUAMUADINITUIBUTEAUNITIVRINGY
AudAnenmlunseenuninnssy wae

2,65 wadwsannsouandliilii
rould fie wadwsiildannsliuinnssuiy
IzA0sasaTuRRdle dunalauazanunse
a1enanla

27nguinisgeusviaznisly
wnlulad (Unified Theory of Acceptance
and Use of Technology : UTAUT)
nquiniseausukasnisiy
wialulagunauslay Venkatesh uazany
[29] wann1sueenged UTAUT 1lunns
AnwingAnssunisldinaluladflasuuse
Jundouanenunilauanmgingsa Tag
Yaduiidsvsnanerusdlauananginssy
uaznUantszduauduTuslnensase
austlauay/v3engAnssunsld anunse
Juunnquiladeld 4 nqulvaimuuuanig
999 Venkatesh wazandy [29] laun

2.7.1 anuAandsludseansnm

2.7.2 anuaanisluanunensy

2.7.3 dVENAVRIIAY LAY
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2.7.4 anwdsneaazaIniy
nsldanu Tnsenadnuiiadefifadusiug
Inedounonitunilonaz/mienginssu
nslilutadeduddmundy 3 Fuldun
1) firuadfidonisltinalulad (Attitude
Toward The Technology) 2) Aoy
Yaldau uar 3) ANNIANATIA (Anxiety)
dmSuimnysiasu/Mmiunusasiidnuiu 4
AuUs Loun e 91y Uszaunisal uagalny
adnslalunisldan [22]

Nndgmaanenvesigsengiidama
NI MUTOANUNYINEUALAIINAINT
mamaluladnsiddasnus fedulentan
Aflazldiannueundnduiietaeligeny
annsaldinsdniaunsalviuluniseiuniw
Inedneq iiletqelvidgeongamnsadion
auadls afemnuningiitakasinaslaly
uAggeeny iuvinuslunsSeusinalulad
s UnAAduiiamL T uuuInsdwsiaun
solnu dwaliliiduniszvesnseunsiuay
depy masnIuaINnTaNIsiINaNITITe Y
veeRauazatgnenmalulaglvinkaeny
wazyanafierumilsdelillfudamnsndla
AnuvsevesfnLdesdieginyseimeadie
Tlge
3. W/ANLUNITIY

mMATensiaLeUndIAd et
wazdwasuNITeIUN I InedmSulgeene
vugUnsaisdannm S38kdunsidessd

3.1 msfinwIvayaionals

N13ANYY ATIEN kagIIUTI
TJoyaniwilny lagdIdedLiun1sfne

I 15 (2560) VOL.15 (2017) 181



NIEANTIVINTLSATHULETDENTLRABUNAT
CRMA Journal

WATIEN warTIuTINYoYainYzLaY
nMsdounwilng Feusznevlufe sedu
IIIULNA TTAUATEUY TEAUNTYIULNTD
ATENAN UATIEAUATEAN WATANUALYDY
YIVOINTYBUL [4] SNWULVDINANIITIVD
WIYTUY ANWALALRUIYDITIUIUNAY
WIYBUL TIUIUNNAY SNYULVDIAIIUYN?
NNTLAVUTINAUNAUULALZANY dNwaITaY
NINVOINTYVUL LATANYAULAIIUYIIVD
seendnuamndyruy [ Uudu

3.2 M1590AKUYLBYNEIATULTIDY Y
uazauaTUNITO MWW NET M T VLI 1Y
vugUnsalydannm,

nseanuuULeUNAIAT Bt IuaY
deasunseun I ned vl geenguu
gunsalyiannng iAdeivhnsineinis
g1u79A11UN155UUTEN U UNRAINEN
amwlngliunggeeny Inenisitauves
woundnduusenauluiig 3 druaumdn
Ao daudl 1 nsfudeyaaansndunmn
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Development of Gac fruit Ice Cream Mixing with Lactic Acid
Bacteria from Kefir Milk
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ABSRACT : The objective of this research is to development of gac fruit ice cream
by mixing with lactic acid bacteria from kefir milk. The ratio between fresh milk and
kefir milk were prepared at 100:0, 75:25, 50:50, 25:75 and 0:100 (w/w). The physical
characteristics indicated that high ratio caused increase of the over run, consistent
decreased of the melting rate (p<0.05). The 9-point Hedonic scale was used to
determine a quality of the final products. The ratio between fresh milk and kefir milk
was at 75:25 (formula 2) which had the highest score of color, odor, texture and overall
acceptable sensory by 50 consumers. This product showed pH, total soluble solid (°Brix),
titratable acid (%), total fat (%) and crude protein (%) of 4.73+0.06, 18.73+0.23, 0.35+0.02,
1.70+0.32 and 19.04+0.34, respectively. Furthermore, the study of the microbiological
qualities of gac fruit ice cream mixed with lactic acid bacteria from kefir milk (formula
2) showed total bacteria, lactic acid bacteria and Coliforms bacteria as 1.79x10° CFU/g,
1.32x10° CFU/¢ and less than 3 MPN/g, respectively. The investment cost of this product

was 4.83 bath/ 37 ¢ (1 cup).

KEYWORDS : Ice cream, Gac fruit, Kefir milk
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ABSTRACT : The purposes of this research were to (1) study charge and discharge
a combination of supercapacitor and an AC power source in storing and supplying
energy (2) find the efficiency of the supercapacitor. (3) study supplying power for a
computer by a supercapacitor and (4) Determine the effectiveness of the alternator with
supercapacitor power.

The results show that a renewable energy source can be reused more than
1,00,000 cycle and reduce pollution. According to the behavior of storing and
supplying energy, the supercapacitor can be charged at a high current but not
overvoltage while battery cannot. Voltage change becomes transient and current is
constant. As charging time depends on currents, the higher current. In contrast, a low
current causes longer. A supercapacitor’s efficiency in storing and supplying power by
using specific high voltage and low current is high 95.20%. An analysis also revealed
that charge time of super capacitor is less than 199 seconds; that of a combination
of super capacitor and battery is 604 seconds and that of battery is the longest 1,080
seconds. Analysis of the discharge time used as a backup power to the computer. The
study found that, discharge time of a combination of super capacitor and battery is
more than 56 seconds. Discharge time of a battery and a supercapacitor are 54 and 41
seconds, respectively. The design uninterruptible power supply using supercapacitor as

a power source. The supercapacitor will time to store energy faster than the battery.

KEYWORDS : Supercapacitors, Energy Storage, Uninterruptible Power Supply
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The Polymer/Zeolite Composite Net for

Entrapping Ammonia in Water
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ABSTRACT : Ammonia is an important problem adversely affecting waste water.
Various methods for removal of ammonia from wastewater have been applied. Among
these methods, adsorption by zeolite is considered to be the simplest way. Zeolite can
reuse by incubating at high temperatures. However, it is difficult to separate zeolite in
large scale water treatment. In this research, the polymer/zeolite composite net for
entrapping ammonia in water was studied.The objective was to create the ammonia
adsorption net which can be easily used and can be reused. Two composite fibers, CA/Z
and PAN/Z, were produced by wet spinning method. The results showed that CA/Z was
more capable on ammonia adsorption than PAN/Z and pure Z. The quantity of zeolite
in the composite fiber (CA/Z 4:1 and 3:1) were also studied. The results showed that
different ratios CA/Z were not statistically significant different in ammonia adsorption
efficiency. Finally making the adsorption net experiment was studied. The composite

fibers were knitted though the square frame and were tested. The results showed that

the nets increased the efficiency of the fibers on ammonia adsorption.

KEYWORDS : Zeolite, Cellulose acetate, Polyacrylonitrile, Ammonia entrapping
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