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Abstract
Solid state IV semiconductor device technologies are well established
for high speed microwave and optoelectronic devices. Many approaches have
been taken to detect indium surface segregation at InGaAs/GaAs interfaces with
the purpose of improving interface abruptness. Such studies are not straight-
forward and the experimental approaches of many of them misinterpreted
indium profiles at the monolayer scale, producing unlikely surface segregation
models. The present study employed molecular beam epitaxy (MBE) for layer
growth and a novel sample preparation technique was devised which translated
vertical chemical depth profiles into horizontal profiles. The use of Time of
Flight Secondary lon Mass Spectrometry (ToF-SIMS) then allowed vertical indium
segregation to be observed and measured. Measured indium segregation profiles
are found to depend on the primary growth conditions, substrate temperature,
the As, to group Il flux ratio and the group Il growth rate. A rate equation model
was developed that incorporates the primary growth parameters, As, flux rate,
group lll growth rate and substrate temperature, to model the growth process
kinetically. This fits the experimental data, but only if As, molecules are assumed
to play a site-blocking role that inhibits the chemical incorporation of the group
Il elements and indium. This model successfully explains the interaction of the
group Il and V species on gallium and arsenic terminated surfaces in the MBE

growth process.

Keywords: MBE, IIl-V semiconductors, InGaAs/GaAs, Indium segregation, ToF-SIMS

Vol.6 Issue.2 (2018) ISSN 2287-0083
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Introduction

Indium segregation studies performed over the last 25 years mainly
involved growing INnGaAs on GaAs (100) substrates by MBE. Moison et al. (1989)
studied the surface segregation of group Ill atoms in InAs, AlAs and ternary alloy
heterostructures such as AL Ga,As and In,Ga,As (x=0.2-0.7) and found that the
segregation energies of indium and gallium were in the range of 0.1-0.2 eV and
that the segregation tendency followed the trend In > Ga > Al with negligible
aluminium segregation. Similar studies by Gérard et al. (1993), Gérard et al.
(1995), Nagle et al. (1993), Zheng et al. (1994), Bosacchi et al. (1995), Yamaguchi
et al. (1997), Martini et al. (2003) and Mishra et al. (2006), using a variety of
physical techniques, produced results in broad agreement with these earliest
studies. Since the surface segregation of indium is more obvious than that of
gallium and aluminium, Muraki et al. (1992) measured indium segregation lengths
in INg.126Gags7aAs MQW structures grown on GaAs (100) substrates and proposed
a simple model.

Most previous indium surface segregation studies have employed two
main methods. They were (1) to compare indium compositions averaged over a
layer of finite thickness with the indium composition in the surface and (2) to
measure indium profiles at the bilayer scale. The latter is generally a more useful
approach because the indium profiles can suggest the nature of the growth
mechanism and the dependence of the indium segregation process on the
growth conditions. Such indium profile studies require small sampling depths to
minimize averaging effects which may be of the order of segregation lengths
and can suggest that segregation is occurring even when it is not. It is therefore
important that sampling depths associated with a technique should be measured
experimentally.

The model of Muraki et al. is a phenomenological model which lacks

physical detail and therefore has no predictive capacity and offers no insights

U7 6 atiuii 2 (2561) ISSN 2287-0083
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into how the segregation process might be inhibited or prevented. This is in
contrast to the model developed here, which has a physical basis and accounts
for the dependency of the segregation process on the growth conditions such
as As, flux rate, group Il flux rate and substrate temperature.

The novel sample preparation approach, sample characterization by
High Resolution X-ray Diffraction and indium surface segregation measurements
by static Time of Flight Secondary lon Mass Spectrometry which were used here
were developed to obtain Indium segregation profiles and have been reported
previously (A. Loykaew et al. 2013). This paper proposes a new design of sample
structure to provide indium segregation lengths as a function of a variety of
growth conditions, presents a kinetic rate equation model todescribe InGaAs
segregation and describes a means of extracting Indium segregation lengths from

experimental profiles for both rising and decaying indium edges.

Material and Method

A typical structure which was grown is shown in Fig. 1.

S

Wedge cap layer
373-2369 nm GaAs g play

150 nm Al Ga,, As | Visualization layer

. 50 nm GaAs
5 periods

100 nm In, , Ga ., As | Layer of interest

50 nm GaAs

5 periods

}Reference InGaAs/GaAs MQW
100 nm In() 006030 994AS

85 nm GaAs buffer layer

GaAs substrate

Fig. 1 Sample structure containing a reference InGaAs/GaAs MQW, five InGaAs
layers of interest, a 150 nm AlGaAs visualisation layer and the GaAs wedge

shaped cap layer.

Vol.6 Issue.2 (2018) ISSN 2287-0083
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InGaAs layers were grown with a range of combinations of group Ill growth
rates, Asq flux rates and substrate growth temperatures and these combinations
are shown in table 1. The As, flux rates are specified by the multiplication factors
which related fluxes to the minimum (optimum under normal circumstances)

flux rate employed.

Table 1 The group Il growth rates, As, flux multiplication factors and substrate

growth temperatures used for the growth of the IngopsGagogsAs layers

of interest.
Indium Group Ill Growth Asq Flux Multiplication
Substrate Temperatures *C)
Fraction x Rates (um/h) Factors
0.006 0.20, 0.40, 0.6, 0.8 1,2,3,4and 5 440, 465, 490, 515 and 540
and 1.00

Table 1 lists the five multiple InGaAs layer samples that were subsequently
grown and the conditions under which the InGaAs layers were grown in each of
these five samples. The 5" sample which involved growth interruptions was not
analysed in the present study. The rise and decay lengths of indium in the wells
were measured across the transitions from GaAs to InGaAs and InGaAs to GaAs
for the five layers using a ToF-SIMS instrument operating in static mode with a
Bi+ primary ion total dose of less than 10" ion.cm” per pulse with typical pulse
lengths of less than a few nanoseconds. Measurements were made by running
across an 8 mm x 18 mm etched surface where the etched wedge profile cut

through the multi quantum wells structure.

U7 6 atiuii 2 (2561) ISSN 2287-0083
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A Kinetic Rate Equations Describing InGaAs Growth by MBE Including Segregation
As, processes — on an arsenic terminated surface
The equations which will be presented first relate to As, processes
occurring on an arsenic terminated surface. Since the only process open to As,
molecules arriving at a rate J45, is to thermally desorb with a temperature
dependent time constant rgesmd_ a rate equation describing the physisorbed
As4 population ﬁ;’hat steady-state is:

v

|4
— JI 19}154_
dt ASy

=0 (1)

v
Tdes,Asy

As, processes — on a group lll terminated surface
On the group Il surface the dominant As, process is the pairwise reaction

and a rate equation to describe the physisorbed As, population 15‘;;‘; is:

st Y2 o
= — 20D, (0 — = 2
2t Jas, 1 Asé( As, L e ()

where consecutive terms on the RHS describe the arrival rate 45, of Asq
from the vacuum, the rate at which two As, molecules meet and participate in
the pairwise reaction and the thermal desorption of As; molecules from the
group Il terminated surface. To explain some of the terms, g1 is a capture
number, D, is the diffusion constant of an As, molecule in the physisorbed
state on a group Il surface and Té‘gsmq‘ is a time constant associated with the
thermal desorption of an As, molecule from a group Il surface. It is assumed
that the two As, molecules produced by the pair-wise reaction immediately
chemisorb and the time constant for As, desorption is assumed different on a

group Il surface than on an arsenic terminated surface. The time constant is

large enough that the desorption rate is negligible.

Vol.6 Issue.2 (2018) ISSN 2287-0083
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As, sticking coefficient

As, sticking coefficients will depend on the rate at which As, desorbs
from arsenic terminated surfaces and the rate of the pairwise reaction on group
Il terminated surfaces. The net incorporation rate of arsenic can be found by
summing the incorporation rate due to the pairwise reaction on group Il
terminated surfaces and the loss due to segregation and subsequent thermal
desorption of As, molecules from arsenic terminated surfaces. If the fraction of
the surface that is group Il terminated is designated as @j;; then the net
incorporation rate can be found by scaling the incorporation or loss processes
according to the group Ill or arsenic surface fractions. The net rate of incorporation
14 of arsenic across a surface of mixed terminations is then given by:

2 2(1-8y1)N,
IAS = 461DA54-(19‘£22) lgjr” _41: gf;f (3)
seg.Aso

Gallium and indium processes

An understanding of the nature of the arsenic terminated surface is
required to appreciate the group Il kinetics which are relevant to the indium
segregation process during growth. For this surface it is assumed that arriving
gallium atoms chemisorb with a short time constant Tgq chem, the physisorbed
gallium population 9%, on an arsenic terminated surface is therefore:

dd¥,

_J{ _ ﬁga.(l_FAscl.:]
dt Ga

Tchem,Ga

(@)

where Jz4 is the gallium flux arrival rate and the second term describes
the rate of chemisorption of gallium atoms with a time constant Tepem.ca-
Fys,is a physisorbed As, blocking factor expressed as the fraction of potential
group |l bonding sites that are covered by physisorbed As, molecules. This

factor can be written as:

o
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0y, (0) = LinTchemin (1 + o ) 2(1+2) o

1-Fas, Ufn"‘.f{?a)"fseg,m ka

and Bm(ﬂ) = V¥iXg = z_l (6)

Rising edge

The rising edge equation can be approximated by:

=0 ~ {1+ ye %2t} 7
Xp

where:
y = —= (8)

Tk ka tha)Z—2k Kk,

The strongest effect in equation (7) comes from the exponential factor
e~ %2t with ¥ playing a lessor role in achieving a fit between this approximation
and the experimentally observed profiles. ¥ was therefore initially free to be a
fitting parameter less than —1 and following analysis of each of the three sets
of experimental data which will yield values for all the k parameters in equation
(8), an improved value of ¥ will be obtained and used in an iterative process to
see if the values for @3 can be improved upon.

Falling edge

The slow root @, dominates other than during an initial transient due

to the fast root and so falling edge equation can be approximated by:

L = Jeaat ©)
Xp
where:
§=2" (10)
da—ds

The pre-exponential § was found to be restricted to values greater than
1 and as for the rising edge data & was initially free to be a fitting parameter

and following analysis of each of the three sets of experimental data, an
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improved value of § will be obtained and used in an iterative process to see if

the values obtained for @, can be improved upon.

Results and Discussion

Extracting d values from experimental profiles

Figure 2 in which indium mole fraction in IngguGageesAs is plotted
against depth in bilayer shows an example of the ToF-SIMS data obtained from
one of five QWSs in a sample designed to measure the effect of As, flux rate on
the indium segregation process. The declining indium signal at the far left of the
plot is from another QW presented in the same sample and it is clear that indium
levels have declined to background levels before commencement of the rising
edge of the QW which is featured in the plot. The background indium level had
already been normalized to zero and the QW was thick enough that the indium

signal had plateaued before measurements were stopped. Equation (7) could

be compared with the experimental profile and the parameters ¥ and a;
adjusted to obtain a fit which was matched at the upper end to the plateau.
The fitting of the exponential to the data was suided by a least-squares criteria
applied over the upper 70% of the transition part of the data, corresponding to
the red exponential curve shown in figure 2. A similar procedure was used to
obtain the slow root exponent factor a, from the falling edge data by matching
equation (9) to the experimental data by adjusting the parameters § and a,

and the bilayer position at which the exponential should commence.
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Rising Edge ToF-SIMS Data
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Fig. 2 ToF-SIMS data for a sample which was one of a set measuring the effect

of variations in As, flux rates on indium segregation lengths.

Multiples of this minimum As, flux rate were obtained experimentally
using beam equivalent pressure measurements performed to determine the
relationship between arsenic furnace temperature and As, flux rates. The @,
and a4 data is also shown plotted in figure 3 from which, despite considerable

scatter in the data, the trends in the two data sets are the same.

a, and o, versus J,,

0.04
=2 o
& . . I
a .
002 * - * —m
Py *
0
0 1 2 3 4 5 6

Asy flux multiplier

+ alpha m alohad

Fig. 3 Plots of @y and @4 versus As, flux multiplier. The error bar associated

with these measurements is shown in the top right corner of the figure.
A role for physisorbed As, in blocking the incorporartion of the group |li

elements before they even have a chance of being more rapidly locked into

the lattice by the faster chemisorption of an overlaying arsenic surface.
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Identification of the As, site blocking role has successfully explained the
observed data and was the only process that was found to give this agreement.

Following a similar procedure as was used to analyse the As, flux rate
the indium profiles across QWs grown at different substrate growth temperatures
and different Gallium flux rates were fitted with exponential functions and the
values of a3 and a4 obtained are plotted as a function of temperature and

Gallium flux in figure 4 and figure 5, respectively.

o, and o, versus Temperature (K)

i

0.06 » I
oS .-

0.04 . +

iz 4 (57}

2
0

L) £ rag fol FBD By - F)
Temperature [K)
Fig. 4 &, and a4 values plotted as a function of substrate growth temperature

(K). The linear trend line is an aid to the eye. The error bar associated

with these measurements is shown in the top right corner of the figure.
Most surface processes occurring in MBE growth and similar material

systems are thermally activated therefore higher temperature provides more

energy to arsenic atom to segregate back to physisorbed state.
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o, 4 versus Jg,
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Jg, lemist)
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8

Fig. 5 a» and a4 values plotted as a function of Gallium flux Jg4

The main feature of the experimental group Ill growth rate data that
required explanation was the decrease in indium segregation lengths (increases
in o) with increasing growth rates. This behaviour was expected because higher
growth rates should result in growth of the next bilayer locking in the indium
atoms in the surface, thereby inhibiting the segregation process.

The segregation model was developed to explain the main experimental
outcomes of the indium segregation measurements which had been made.
These were that (i) an indium segregation process was clearly detected using
the experimental approach described in experiment, (i) indium segregation was
more likely at higher substrate temperatures, (iii) indium segregation was
suppressed at higher group Ill growth rates and (iv) indium segregation increased
with increasing Asq to group Ill flux ratios. The model has similarities with other
segregation models although the approach taken to treat group Il and group V
terminated areas of the surface separately and to formulate different sets of
rate equations on each of the surfaces was novel. This approach had the
significant benefit that analytical solutions to the rate equations were readily
obtained, avoiding the necessity to perform numerical integrations. One of the
most important differences between this and other segregation models has

been to include an As, site-blocking role, which inhibits the chemical
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incorporation of the group lll elements gallium and indium alike on a group V

terminated surface.

Conclusions

The use of a kinetic rate equation approach with separate equations for
each of the surface terminations was a novel approach and fortunately yielded
analytical solutions to all experimental observables of interest. The indium
segregation was more likely at higher substrate temperatures and higher As, to
group Il flux ratios due to As, site blocking role and thermal activation. On the
other hand, indium segregation was suppressed at higher group Ill growth rates

because growth of the next bilayer locks the indium into the crystal structure.
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Abstract

In this paper, a modified algorithm for an affine coordinate system is
proposed to speed up encryption and decryption processes in elliptic curve
cryptography (ECQ). In fact, inversion, squaring and multiplication are the main
processes for both point addition and point doubling. For three different
processes, the inversion process has the highest cost. In the related works, to
find 8P where P is represented as a point on curve, at least two inversion
processes are needed to perform this task. On the other hand, the proposed
method requires only one inversion process to compute 8. The experimental
results show that the proposed method can perform the process faster than
2(4P) method. In general, the method is suitable for computing 7 = kP, where
K= 8/+jand /is a small integer. Moreover, the proposed method also can be
chosen to apply with Ternary/Binary Approach which is an improved point

multiplication method to speed up ECC.

Keywords: Elliptic Curve Cryptography (ECC), point addition, point doubling,

inversion, Computation Time.

Introduction

Nowadays, Communication technology is grown very fast and users can
communicate each other very easy. Because, the communication channel is
insecure, the private message may be trapped during transferring via the
channel. Therefore, protecting the secret information becomes a major issue.
Cryptography used to protect information by using encryption and decryption
process is one of security technigues. In deep, there are two types of cryptography,
symmetric key cryptography and asymmetric key cryptography. Symmetric key
cryptography is the fast method when it is compared with the other. However,

the problem is about the way to exchange the secret key between sender and
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receiver. In 1976, W. Diffie and M.E. Hellman (Diffie & Hellman, 1976) proposed
the other cryptography, called asymmetric key cryptography (or public key
cryptography). The main idea is about using two different keys. One which is
disclosed to everyone is called public key and the other corresponding key
which is kept secretly is called private key. With two different keys, public key
cryptography can be chosen to solve the key exchanging problem. RSA is the
best-well known public key algorithm proposed in 1978 (Rivest et al., 1978).
This method is based on integer factorization. Although it is very difficult to
break RSA, bits length for RSA should be at least 1024 bits. In 1980, Elliptic
curve cryptography (ECC) (Koblitz, 1987) and (Miller, 1985) which is another
public key cryptography was presented. The advantage of this method is security
level which is very close to RSA, although bits length of ECC is very smaller
than RSA. For example, (Prasana & Reddy, 2017) 160 bits length of ECC has the
same security level with 1024 bit lengths of RSA. Therefore, ECC is well suitable
with devices which have limited storages and low processing power such as
smart phone. Furthermore, ECC can be applied with three different tasks, data
encryption, digital signature and key agreement protocol (Elbirt, 2009).

Additionally, point addition and point doubling are the main processes
to compute point multiplication: Q = kP, where Pand Q are represented as the
points on curve and k is integer. In fact, many techniques were proposed to
speed up point multiplication such as binary method (Amara & Said, 2011) to
compute Q = kP by converting k& as binary base for scanning bits of & from left
to right or right to left and non-adjacent form (NAF) which is the signed binary
representation having lower hamming weight in comparison to binary method
(Karthikeyan, 2012).

Assuming, P is the generator point to find © = 8A, usually three
sequence point doublings are required, Q = (2(2(2P))). First, 2P = P+ Pis performed
to find 4P = 2P + 2P. Then, the last is the process to find 8P = 4P+4P. That
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means, three inversion processes are included for the computation. In fact,
inverse computing is the highest cost in comparison to squaring and multiplication
computing. In 2006, the improved process for affine coordinate system to find
4P requiring only one inversion process was proposed (Ciet et al., 2006). Thus,
the process to find 8P = 2(4A) requires two inversions, one is for 4P and the
other is for point doubling.

In this paper, the new technique to reduce inversion processes of point
addition to speed up 8Fis introduced. The proposed algorithm requiring only
one inversion process is modified from the process to find 4~ in (Ciet et al,
2006). In fact, assuming /is represented as small integer, the proposed method
suits for Q = kP when k = 8/ + J Furthermore, the method can be chosen to

speed up point multiplication process because the inversion process is reduced.

Related Works
Eliptic Curve Cryptography

ECC is one of public key cryptography proposed by Miller and Koblitz.
This method has very high security level although bits length is small. Therefore,
it is suitable for communication devices which have limited storages and low
processing power. In fact, ECC can be applied with several sets such as real
number field, prime field (AFp)), p is prime number, and binary field. However,
only prime field is focused in this paper. The equation of ECC over prime field is

as following:
2 3
y =X +ax+ bmod p (1)
Where a and b are the constants with

42°+275 # 0 mod Yo, 2
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In general, addition between two points on curve is the main core.
Assuming P = (x;, 14) and Q = (x, 1) are represented as points on the curve. It is

divided as two parts, point addition and point doubling as follow:

Point addition: (P # O, R = (X, 15) = P+ Q

YoV
m= " (3)
X2 X1
X3 = m2 - XZ - Xl mOd ,O (4)
y3 = /77()(1 - X3) - )/1 mOd ,O (5)

From (3) - (5), performing a point addition takes 1 inversion, 1 squaring

and 1 multiplication.

Point doubling: (P= Q), 7= (x;, yu) = P+ P

3Xf+a
m = (6)
2)/]
X = M — 2x mod Yo, (7)
Vo = mx, — X)) — ), mod p (8)

From (6) — (8), performing a point doubling takes 1 Inversion, 2

squarings and 1 multiplication.

Improving point addition and point doubling

Recently, many researchers improved the equation in both of point
addition and point doubling to reduce computation time. Assigning I, S and M
are represented as inversion, squaring and multiplication, in order.

In 2003, the modified equation to compute 2P+ Q (Eisentrager et al,,
2003) was proposed by leaving some process to compute y. Generally, it
usually takes 2I, 25 and 2M when the process is begun with # = P+ O and is
followed by R+ P= 2P+ O, two point additions are included. Then, it becomes

U7 6 atiuii 2 (2561) ISSN 2287-0083



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

page | 20

taking 2I, 3S and 2M whenever 2P is calculated before computing 2P + Q.
However, the modified equation takes only 21, 3S and 1M.

Ciet et al. (2006) proposed the improved equations to reduce modular
inversion. Although, processes of modular multiplication are increased, one
inversion process is more expensive than many multiplications. In addition, the
improved equation to find 2P + Q, 3P, 3P + Q and 4P were also introduced in
that time. In fact, 4P takes 11, 9S and 9M.

Moreover, the improved approach which is called Ternary/Binary
Approach was proposed to speed up point multiplication. A recursive function
is included in the process. However, kis divided by 6 whenever the function is

recalled. Assuming r= kmod 6, the result is distinguished as 4 cases as follows:

k
Case 1: r= 0 or 3, Return 3( g )P

k
Case 2: r=2or 4, Return 2(=)P

2
Case 3: r=1,
k-1
(=—
6
Return 2((30P) + P
Cased:r=5
k+1
(=—
6
Return 2((30P) + P
Algorithm: 4P
Input: P = (x,, y,)
1. /41 = Xp
2.8 =34 +a S
3.6 = Yo
4.4 =28, -8 A4C SSM
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5.8, = 3545 +16aC; SSM
6. G = B(GAC - A) - 8C) M
7. As = Bo- 8AC SSM
8. G = B(8A,Co - As) - 8CH SM
9.IF GG =0 then
10. Return @
11. End IF
12. /1= (4GG" Mi
13. x, = Asl SM
14. y,= G/ MM

Output: O = (x; »,)

Furthermore, in 2011, the method (Li & Feng, 2011) to reduce inversion
process to find 3P+Q was introduced. Usually to find 3P + Q, three processes of
point additions and point doublings are required, thus 31 must be also computed.
For Li & Feng’s method, although more multiplications and squarings are
required, only one inversion is implemented, it takes only 1I, 3S and 16M to

compute 3P+Q.

The Proposed Method

The aim of this research is to propose the new process to find 8~ by
reducing the inversion process. In fact, the proposed method is suitable for some
point multiplications which have to compute continuously point doublings at
least three times. In general, 4P using (Eisentrager et al., 2003) and point
doubling are required, in order. Therefore, 2|, 11S and 11M must be executed.
However, only 1 inversion will be required to calculate 8P for the proposed

method. Assuming Q = (x,, ) = 4P, R = (x, y,) = 8F, it implies that
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2
3xq+a

M =
qu

2
3Xq +a

2C5P)
2
3xq+a

_(2C3)/3
= (3)(;27 +a2a) (!

= (3)(2 +a26) (7Y

Because, /= (4C1C2)71, then (4C,G) = 7' Thus, it implies that
2 -1 3
m =(3x, +al2G) (4G G)

Assigning the values of 4, B, G, A, B, C,, As and G for the proposed
method are similar to all of them which are during step 1 to step 11 in

algorithm 4. Therefore, the remaining steps to find 8~ are as following:

Algorithm: The proposed method (8P
Input: P = (x,, 1)

1. H=4GG, M
2.)=2G

3. /= (H)' M
a.h=1, (h=0CGS)" M
5.h=1H, (,=QC)H) MSS
6. X, = Aol SM
7. Y= G/ MM

8. K= (3)(/2j +a)
9. L = K/Z
10. %, = £° = 2x,

= 0= »

R A
Output: 7= (x, y,) = 8P
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In fact, the computation costs in the remaining steps are 1l, 55 and 9M.
Therefore, the total costs are 11, 13S and 14M when they are combined with
the other parts during step 1 to step 11 in algorithm 4/~

Example: Assigning P = (31, 5) is the point on curve: )/2 = X +29x+ 3 mod 41,
finding 7= 8P using the proposed method
Sol: From steps 1 - 11 of algorithm 4R, A =31, B, =1, GG =5 A, =33, B, =
35, =35 A=3and GG =6
Therefore, the process to find 82 using the proposed method can be
performed as follows:
1. H=4*5*35mod 41 = 3
2. /=26 mod 41 = 12
3./=(3*12)-1 mod 41 = 8
4. 4 =8*12mod 41 = 14
5.4 =8%34 mod 41 = 33
6. x,=3" 142 mod 41 = 14
7. yy=6%143 mod 41= 23
8. K=(3*142 + 29) mod 41= 2
9. L =233 mod 41 = 25
10. x, = 252 - 2(14) mod 41 =23
11. y, = 25(14 - 23) - 23 mod 41 = 39

Therefore, R = (23, 39) is the result point requiring only one inversion

process.
In fact, assume / j € Zand jis a small integer, the proposed method
is suitable for the following equation: Q = &7, where k = 8/ +/, because,

8% P = (8(8(8( (8P))))

[
i
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Experimental Result

In this section, the proposed method (8A) is chosen to compare about
the speed to finish the process 8P with the compared method using 2(4A). 160
bits length of ECC is selected for the implementation. In addition, number of
times to compute 8P are during 1000 -10000. However, Java Language and
Biginteger Class (Deligiannidis, 2015) are selected to implement the proposed
method and the compared one. In order to control the same settings, all
experiments were conducted on 2.20 GHz an Intel® Core i7 with 4 GB memory.

The experimental results show that the proposed method can finish &
loops of 8P faster than the compared method. Furthermore, the average
computation time is decreased about 11%. In fact, if the compared method is
chosen to find 84, then the total costs which are for 4~ and point doubling are
21, 11S and 11M. However, the proposed method takes only 1l, 13S and 14M.
Although, both of squaring and multiplication processes of the proposed method
are larger than the compared technique. The costs are only a little in comparison

to the cost of inversion process.

Computation Time to Find BP

10000 20000 30000 &0000 50000 60000 TOOOD 0000 S0000 100000

Nme (mSec)

Murmnber of Time

W The Proposed Method B The Compared Method (2(4P))

Fig. 1 Computation Time to find 82 by using The Proposed Method
and Compared Method
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Furthermore, the proposed method can be chosen to combine with
Ternary/Binary Approach to speed up the process. In fact, some inversion
processes can be removed whenever at least three points doubling are
performed continuously.

For example, assuming 4 is equal to 52360, the beginning process to
find &P by using Ternary/Binary Approach is as follows:

Step 1: (52360 mod 6 = 4), 52360 = 2(26180)~P

Step 2: (26180 mod 6 = 2), 26180 = 2(13090)~

Step 3: (13090 mod 6 = 4), 13090 = 2(6545)P

In fact, for the first three steps to find 52360P by using Ternary/Binary
Approach, three points doubling are required continuously. Therefore, if the
proposed method is combined with Ternary/Binary Approach, then three points

doubling can be replaced by the proposed method as follows:
52360 = 8(6545)P

Therefore, only one step is required instead of three points doubling.

Conclusion

In this research, the modified equation of affine coordinate system to
speed up 8Pis introduced. The key is to reduce the inversion process, although
both of squaring and multiplication processes are a little increased. The reason
is that inversion process takes very expensive cost when it is compared with
squaring and multiplication processes. In fact, number of squarings and
multiplications are larger than the compared method (2(4P)) about 2 and 3
processes, respectively. In addition, the experimental results show that the
proposed method can finish process faster than the compared method. In

deep, ECC is more suitable than RSA to be chosen to apply with low power and
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limited communication devices, because it uses only small key length with high

security level.
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Abstract

This research aimed to investigate the quantities of bioactive components
(ascorbic acid and polyphenol compounds) and antioxidant activities (DPPH,
FRAP and ABTS' assays) in honeys from longan, lychee and wild flowers and their
extracts. The degree of a-amylase inhibition of the extracts was also determined.
In this study, longan honey had a significantly higher ascorbic acid content, total
phenolic compounds and DPPH inhibition that those of lychee and wild flower
honeys. However, no significant differences in levels of total flavonoids, FRAP and
ABTS" inhibition values were observed among honey samples. The amounts of
bioactive compounds and antioxidant capacities of the three honey extracts
appeared to be similar to the honey samples. The difference in a-amylase
inhibition capacity of longan and wild flower honey extracts was not significantly
different. However, they were higher than that of lychee honey extract. Therefore,
it can be concluded that extracted polyphenol compounds from longan and wild
flower honeys displayed better antioxidative properties and greater a-amylase

activity.

Keywords: Honey, Antioxidant capacity, a-amylase inhibition
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Abstract

A nutritional supplement using spinach powder in butter cookies is the
focus of this study. The spinach powder was prepared and substituted into
wheat flour used to make butter cookies. Physical analysis of product was
performed. Powdered spinach was added to wheat flour at four ratios, 2:98,
4:96, 6:94 and 8:92, respectively. Sensory evaluation was done using a nine-
point hedonic scale and ANOVA analysis. The mean values of the parameters
under study were compared using Duncan’s New Multiple Range test. The
process of producing spinach powder involved placing the leaves in boiling
water for one minute and then soaking them in cold water. Then they were
placed on a tray and dried in a hot air oven at 60 °C for about 1.30 hours. The
resulting material was passed through an 80 mesh sieve. The optimal ratio of
spinach powder to wheat flour was 6: 94 and 15 ¢ of this mixture was used to
make butter cookies. The color, smell, taste and crumb texture were examined.
Physical analysis of cookie color showed that cookies made using spinach
powder were less bright than basic butter cookies made with wheat flour only.
Their hardness and fracturability were not significantly different. The appearance

of the butter cookies remained the same.

Keywords: Butter Cookie, Spinach Powder, Physical Analysis
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Abstract

This research involved development of a classroom attendance recording
system using RFID and QR codes and to determine the efficiency of the system.
The research methodology was: 1) to design a time recording system using RFID
and QR codes that consists of two parts: a computer program and a time
recorder, 2) to develop this system, and, 3) determine the effectiveness of this
tool. The resulting program had eight menus: main, student record, student
information, teacher information, subject information, classroom timetable,
results summary and author pages. The computer display was controlled using
Arduino UNO R3 microcontrollers for data processing. The chip executes the
instructions and displays information on a computer screen. The system has a
RFID tag reader and camera to read QR codes and transmit the tag or code to
an LCD screen. The system was used in four classes where it correctly made
832 readings with no errors. Hence, the error value of the tool was 0% and its
performance was 100%, which indicates that the RFID and QR readers were

effective for recording attendance.

Keywords: Study time recorder, RFID, QR Code
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Abstract

This research aims to investigate comparing the thermal efficiency of
fired oven chicken consists of the fired oven chicken without insulation, insulation
and the earthen jar to modify for the oven. The temperature results were
confirmed by thermal image. The oven diameter of 50 cm. and height of 100
cm. Eucalyptus charcoal was used as a fuel for heating. The chicken weight
about 1 kilogram and baking of 5 chickens per time. The results showed that
the maximum thermal efficiency occurs as fire oven with insulate was 0.365.
The baking time was 34 minutes, 300 grams of eucalyptus charcoal at the
temperature of 280 oC. The thermal image was demonstrated the surface
temperature of fire oven with insulate lower than fire oven without insulate and
earthen jar to modified when the thermal diffuse around both oven with high
temperature conduce to high heat loss, long period of time and high energy

consumption.
Keywords: Thermal efficiency, Fired oven, Thermal image

uni

[

Iidudninauisainluwdsglemslivatsegne nislumyidday way

<

'
' = o @

lasuanullenfie lneudediauuwansineainuyegeadu iWesnaunsatlaneg

o

auldluasaufen Faraserduaunsalyinamnsiilinuseulanatatnaluileln uag

(%

29Uz ndanda9u Tnelanized1948351UeINTNAI0UNAIY 9 AIROATI BaRe3

e

AuFemdnu warnadusgiann wneuiflflutlgsuiivarsuuuidy Aan g
(2549) Tgnasaunaseningluniseulnlduninszanvuin 7X6 wns (n31axe) 4
AsEANIWIA 3X5 147 (1519X812) $1uIU 1,000 WNY QQQQQWﬂﬁuﬁu 50 LYURLUAT
wHINSEANTeAInmalnyUsEaa 6 wns luian 15 wiil eamgil 312 ssrwaldua,
F5rans AmAS (2559) @S1am1aulnaunulag@uuln 200 anT VUIALEUKIU

¢ a a = o = =
@uﬁﬂaw 56 LGUNLUNT ﬂ'ﬂ’]ll'sjﬂ 90 LYUALUAT FIUINAN1ITNAFBINNUSTULNEU

Vol.6 Issue.2 (2018) ISSN 2287-0083



MsasIngmansuazmalulad uninendesusigenseni

v

win | 69

fun1seumiglii wazdrsiaeau Inemseumelnihldaumgd 177 ssmwaldes
na1ey 50-60 Uil vauzTieulnfivinandsaunulaaruau LA T gungT
\dufie 225.6 psmwailea 1dnateuuszana 35-40 WiFt warnnsenssedldld
gaumaiigegad 107 ssmwaldoa nafldluniseu 120 urfl angUUUANTEUT
nenndefunslindsnuuaseiindanunsoandunuidomadfiiuened winns
aufiUSinannuarlutiefilifivasenfinddansinldonn Tudruniseudelniiimn
suldvanefazauldemnuduetiann waededdmlnihaunalngdedsan
a9 uidmsunseulaeldmdrududinliarudouduideie Tusunudemas
ffon Mnandu warldatu iesnndrulimudeunaziiiulinensuidilifnaty
niunen wiegalsiin mseulaeldimaliauseuduivarnuansuuuigy
weulss waznreudnulasandaidiy 200 Ans Fadavrndoyanisiingzsing
MIPUNTaFEANTOU WazUsEansaImnIeALTeu
FehunadediitngUsrasdiitensieuiflouusyans nmideeueues

q

wiauln Anszinan1aiiunsagdsninuseu wasiiauemaliaNITIATIEing

nanuseulagldnimaenisanuiowiioilutoyadmsuBudunanismeass 1Wu

wunemsidentdanumisulanuuag o sl

ad o a a o
FJALuUMNSIY

Tunuadeilldmeula 3 wuulunismeassdie wisukuulivuawIu LUUY
AU LATLUUAALUAIINIBIAINSDUAIEANEY WaNSUSsuguUsEansaIn

a b a a (2 dy
FUIATINUTOU UINYALLBYAAIU

YDV ALNIAULYN L0

< a & ! v o |
E‘U'VI 1 nsAnRamaunUmIaULA

o

U7 6 atiuii 2 (2561) ISSN 2287-0083



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

page | 70

Uit 1 neuladpudasandaiiduruin 200 dns wuuliuauay Sidu
HIUANENAY 50 LWUAWAT WagAIINEY 100 WuAWAS Auvuausallaild uay
soviorua 2 dandudesntu Fudraagzeuin 20 wuRwng dmiualuady
iy Tneduasweanlvidestidhagiuuends Womedluariuainduuonidien
ol umMatestidn dnumedigui 1

wuuit 2 iumevlAfaudasands 200 805 WuReIFURUUR 1 uALAnsns
funssfimefuauiuaumin 1 @ seudifieu i uasUdesatu

Uil 3 neuladinudasainldawuia 200 dns @ushugudnanaduuuyin
189 50 lguRlung Lavad1uge 100 WuRUAs AU 3A1UE11833U0 20

wuwes dmsvasenaudily wndanaldasdusiueeliou dagui 2

< a & . v o .
E‘U‘VI 2 nsAnALAIaUNRURBULA

dmsunmsmeassdunnesealivindmiveu 5 ddeseu dniinlasiade
sasafte 1 Alanfu vnsdaiminvedlinndududeyaneusy dwsudmldany
foulddnuliyandudadudomas fidanudou 18,668 kike (93125300 guuia,
2553) qalulidufaudinsadufoudnisifudiundousnaglddugiunm 300

n3U uawlinduATiay 100 n¥U winaduluanlnavun faguit 3

Vol.6 Issue.2 (2018) ISSN 2287-0083



MsasIngmansuazmalulad uninendesusigenseni

wih | 71

nau

oo
oo

iAFastiuinguu)i

LD

a

a ° ' U e
JUN 4 sRUaNISUUNND AN

v q Y

UL LAWY 5 FIuU wazUnN w1 vT'lmiﬁ’uﬁﬂammﬁﬁw

westufingaungfiBsie Lutron-BTM-4208SD enaruAamuAieu 0.1 °C dausdi3y

Y
| [

Tanufeuauliandunaliandesues lnediyaduynamngiife T1 As gungll

0]

0, T2 A Ao mﬁmmmumau (C) T3 A ammﬁé’ma'wma‘u

9

FIUVULADU (

Qdﬁ v Qdﬁ

CO), T4 #o PUNAUNHINTUVULADU CQ), T5 e DUNAUNHINANLADU C0) wa

Y Y

T6 fio guuglifiiaraney (O Wesmmgilumeuasivinisaieamanuiou
fendesanenmauioudiie Flir su E5 anueaiandeu +2 “C wetluinsiei

Wiguilgunavesgaumgiinliainiasesduiinuagamgll wagnan1InNIEaN8ves

ada 9 PN
guNINRLAOU PaguN 4

o

U7 6 atiuii 2 (2561) ISSN 2287-0083



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

page | 72

wanntinsaqdeainuiouiiuniareuniaulasdiulunginainnism

ANUSDUNRINUUBNVDNABU AUIIAINEUNISHBLIUN (Yunus, 2002)

Qloss = hA(Ts _Tw) (1)
e Q,, As ANUTauayF (W)

a E a a Y 2
A A9 WunEUNdydeA1uTeU (A=nDL, m)

a Aaa o
T, A9 guuuvIveneu (O)
T, fie sumgiwinden (CO)

= o a £ 1% 2
h Ao duUszavnsniswiausau (W/m” °C)

1A UUSEANTNITNIANUSBUAIUUBNVBILA1BY N1LAIINAUNS

Auduiusvesansiauieu (k) vuaduriugudnaiuniau (D) uazeia

Zhe 2

wandauas (Nusselt number, Nu) #4

h=—Nu (2)

whly

[

! LY 6 s ¥ dy
- Anarariuues laanaunis (3) MU

1/6 2
Nll = 06 + 0387(Ra)9 168/27 (3)
[1+(0.559/Pr)”"]
LAy
3
Ra= 8T -T) b, (a)
A%

WMo Ra A9 AWsHALNLUDS (Rayleigh number)

Pr  #8 ALnsusLiataiuas (Prandtl Number)

b

v 2
Ao ALssluuaedtan (m/s)
& U

Ao JUUsEaNSN15818RIUSUINS

= = ¢ 2
v A8 mmwumau%awaﬂwa (m/s)

Vol.6 Issue.2 (2018) ISSN 2287-0083



MsasIngmansuazmalulad uninendesusigenseni

v

win | 73

Usgdndnimnisainuiou (Thermal efficiency) vastmnouln nildann
Auduiusvesnuiouiaewmliernanslumievaudonmniigdiu ausoudn
ibinludilissmesen anuseuniagdy wazauiouilannideindseu (sue

losvur wazAne, 2013), (algwaseg 1A, 2560) Mlaanauns (5)

~ mC,(AT)+mL- Qe
m,(HHV)

2 Uszansndemnusauvausiauln

g

©
=

)Y

o))}

9 128Y99917¢ (ko)

@
b

8 AALgANSeuT g (k/kg C)

8 AnuLAnAYatgaglionaseuluiuazenmasusuluds (C)

>
—3
o))}

¥ o
9 WavesfszrgeanaIndala (kg)

o))}

—
o)
®

ArnuSeauasvasnisnatadule (kizke)

1navasn Ul ueInds (kg)

=
Ny

o))

©

HHV #o Arpusouvesauld (ke/k))

NaN1TIvBLaTaAUTIgNE
drusumatinn1nanen1eALsauLarNSIUSsULBUUSE NS A WLTIANY
Youvoamaula 3 uuufe eufidauUasandsuuia 200 Ans wuuvuauiu liv
auau wavlsei Avundeulunismaasdeatuie ladiiuneuindnads 1
Alan3u suntas 5 & ldduasies 300 N3y Snanisneaodsll
mﬂgﬂ‘ﬁ 5 wane@unInElueay (T uen) $88HIVBBABY (Totace oven)
fifuyasandsuuin 200 ang wuvliviauiu wuinely wasiavesdslugisnns

avarflonmgiwdefio 171 °C way 109 °C mudwiu

o

U7 6 atiuii 2 (2561) ISSN 2287-0083



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

page | 74

60

—— Teurace ovn
304 4 —i— Tin oven
250 1

200 LN agth)

Ay

B

Temperature {°c)

>

L] 10 20 30 40 &0 B0 mn B0 80 100 Mo

Time (min}

< a a v %%
E'U'VI 5 qmugmms’tmmauLLazmmuuaﬂmmLmamwulmwmmu

mﬂﬁu’uqmmﬁ%aﬂm esnnaruursdiusunatedudn JuUNI
melumeu wasfiianasinfudwanddmiiuiinudounesluwmevandiasly
ausovhgamnilinnninifnvesddld Snialndaldandunnandesuendunsyan
nuaudou sesnfudendudulunismeaesiiiuasias 100 ndu wdNEREY
aungilunougadu Tagldszernanlunisou 100 wiit Wdwluivau 400 niu Tu

wiazn1snaaesdvedlnfianudiavinnulnaidesiu Asgun 6

JUT 7 wansn1naen1aaduiauveunsuiiiawlasandsuuin 200 ans

wuulivuauiu Mruaduysednsnisunssdnnusou (emissivity) windu 0.85 lu

n3a18AImINAuaNTRvYe7an (Table of Total Emissivity, 2016) Wu3nn1wane

Vol.6 Issue.2 (2018) ISSN 2287-0083



MsasIngmansuazmalulad uninendesusigenseni

v

win | 75

neanuSounansmaumgiiniiveumeulndifisaiunisindieinsesingumgil uag
melumauiinisnszatevesauieundagainianieuinliinnisaydeaiiy
$ouigeuwnnIINNAlNNITNIANUTBULUUSTINYIATOU 9 0By Beanuioungade

anunsamlaanaunisinauwaatisdunuInauseuanids (Q,,) Wiy

735.88 e UszanSnmmieausou (n) veun1oufe 0.294

1244

] - <
FLIR2623 jpg FLIRES 63986648
323

o ' v K%
E'UVI 7 ﬂ’]Wﬂ']EW]Nﬂ'J’]ﬂJi@U‘U@QLW]@ULLUUVLQ.J‘V!MQU’J‘U

913U 8 uansenmginelumeunaziveaneuiidaulasanduiin
200 dn5 wuuvau nuiaely waziaveunluraniseuasiigumgiindsie
270 °C waw 48 °C muddu Tnsgamgimelusevasiivgstu uasiivsfigumnd
asiilsianasegsnaduuumeviilivuauiu iesnmsuauiutisdesiunis
aadeannieu warludugnmpinfiveswianeuiigungimnitmeuiilsivy
awy vhlilwmeulnfifnuseuasauunnuavdisUsendndu tngldsseviaaluns

aulA 34 wit Waulushean 300 nfal

o

U7 6 atiuii 2 (2561) ISSN 2287-0083



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

page | 76

350

—A— Tin oven
300 —O— Tsurface oven

250 -

200 +

150

Temperature (°C)

100 -

50 -

Time (min)

A a a v
U 8 ammuma‘lwma‘u HASNIVDUATDURUUNHRUIU

Caft

U 9 uamanmanemanuFeuvesmouidauUaIndauuin 200 ang
LUUTHAUIY MuuaAduUsEAvSnsusedanudeu (emissivity) iy 0.05 lu
nsaneAININAMANURVe TR (Table of Total Emissivity, 2016) #1U31310
amdensanuFeugumgiseumeuiianin wuiinnuFeugadsindy 364.70

98 Useansnimmnemnusauvasn1aufs 0.365

S/BI2017 11:32:18 AM

FLIR2771,jpg

A U ¥ ¥
E‘UVI 9 AMNAIYNN AIUIDUVBUATBULUUNNAUTU

Vol.6 Issue.2 (2018) ISSN 2287-0083



MsasIngmansuazmalulad uninendesusigenseni

v

wih | 77

350
Taunisces own
M1 | —— finovn
5 20 PrLRUEY
19
& 200 4
2 .
- A .
E 150 :.'r.l‘ .“'%‘:"*":""“k-'.:.
E J'\'.-::;‘.'.h‘.::lh':“-' TRy, r'l- =
= 3 UL LR RS LT
100 - I' aﬂg‘.___m..u-'L“'u.-..-;;,-lq-_._.“E.ﬂﬁ':': R
A
.
50 7 A7
S
]

o 10 20 E ] 40 50 80 0 80 90
Time (min]

o - - :
JUN 10 gaungilnnglumeu uaziiaveumeules

9n3UT 10 uamsgamginneluwey uazivesmeulss wuiinelu uas
Aveamlutisnssuariigamaiiindefe 160 °C wag 100 °C muddu iilelnm
Feusvezlaan 45 il gaumgiingluwiivanmgivesriales uanadngugisuly
fr3sfafnmudlusuildimunie 400 s nefmedewihuaniuhlii
laagaduauiowilisseziatlunsifuaiuiininaevwuuliinauiy neld
szazaluniseuln 85 unil Gseulfidniumeuuvuitlivuauiy Wesnwey
nlesianyhanAumniimsavauaiuiouing: uiogslsifviouiivihantanfumn
wwgaduausoulditeafunulussernafieuliun anufeuiiavauludefumn
danaliguupilumeudiivetnemiaiga uatlinaeuiisiniginiumeuiliduauiy

U 11 uamanwanevnannafouveameules Auunadilseansniaus
Fedanufeu (emissivity) wiriu 0.9 Tunisarenmanauaudivesian (Table of
Total Emissivity, 2016) WU IMEIeANSeunandliiuTinivesls winiuseu
arauuaznszagegseu 9 lnslamizuinuiuuy deeiliAansgadoans
Souldunnuianudeugaidsuiniu 671.96 Tad UszAnsamnieminuseuvedni

aufD 0.21

o

U7 6 atiuii 2 (2561) ISSN 2287-0083



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

page | 78

O/ 112U 4USET FVI

FLIR2715jpg  FLIR E5 63986648

30.0

< ' v a '
gﬂ‘VI 11 amaeneanuseunglumey wariivesniaules

< 1
M99 1 aquamwmaaumaum 3 Wuu

FUATBUNIDU
KRNIV MIBULUUTY weuwuuliivy ,
. 3 . Y waules
QUAUAUAUSDY auIuAUAIINSoU
UsgAnSndeanusau 0.365 0.294 0.21
srggnantunIsau (W19) 34 100 85
USunaudamasaunly (nsv) 300 400 400

ajunan1sINY
NNaNITNAasIfnyLnaianIng1enI9ANTouLarn 1S B ULy

UsyAvEnmdsannudouvonmeuld agulddsd
WneuULTRUILUA N Feul A sEAVE A mdeugaiigade 0.365

fiennsgaydernuseuniignfe 364.70 Jad Tdszeziarluniseulndiuau 5 dusa

LTRE]
'
=

fianfio 34 w19l duldondandsaiuly 300 nsu lneddunulunisviuauiufe
250 um
R4 a1 a a b d‘ 1 oA
weukuuliviuawuiimyUssansninnisanuieungandtuuulssfie 0.294
waz 0.21 suadu tnemneunuulesdomunginanglufisindife 160 waz 17109
Wwalged MU 911910 Tanuedlssinunnfundagaduainuseuliuin

gaunginngludsininmeuwuuldviueuiu wazliszaznaifidesfiuaiuiiionis

9 Y

Vol.6 Issue.2 (2018) ISSN 2287-0083



MsasIngmansuazmalulad uninendesusigenseni

v

win | 79

wisghdlsAmmeounuulsadleduauudiiusnazteiuasdoulumlifg sdamalik

szezalumseulidiniuuuliiueuiy
amdnemsauFeunansliifugumaliing uazsuluUMINITINveInN

Soureumouusazuuy TnslmeunuuauIuaziigamgifinigs wazmieunuulyl

Viuawuilgunginiigaian Feaenndesiun1sinaninsesduiingumall

finAnssuusemA
AIdevevaunm iigITeimInTsunisauieukassruuvesiva (TEF)
A1913FINTTUASRING AMERANTTULasnAlLlaE uminedemalulagsivuing

AU MY UVAANAUAT FINIAFNAUAT

LONANTONB

Taiesws e, (2560). MsUsuidiuuszavsnmmndatesnniBgauiumili,
91381579115 M IIaA uasnAlulad a1 Ine 188 1971uAAITIA, 49),
37-49

a1 an13n. (2549). wevlnnduaveringlsai. davansedng dununses.
Fuil 15 uns1au wa. 2549 V9 11 athudl 149.

SLA twevUy, Nurn3evy 913 way Udg1 vadasiy. (2013). MIANYIUSEANT WD
ANNSDUVDNAIVIRNTERUATITOU. 275875 A 18R suazAlulad
UMIINGI1FEUNIAIAN, 32, 626-630.

SsAans amnEs. (2559). w1augialanlgalanusouainwasaulnidi, 275875
Tnenmansuasinaliulad unIne1ses1vsinenssi, 1, 35-61.

9319550 GUUAD. (2553). WAWIUNAUYIY: QTUSAUYY. NTUNNUNIUAT: NTY
MEIFNEANTUINT.

Table of Total Emissivity. @UAuAN: https://www.omega.com/temperature/Z/
pdf/z088-089.pdf [16 WewnIAU 2561]

Yunus, A. C. (2002). Heat Transfer: A Practical Approach. 2" ed.

o

U7 6 atiuii 2 (2561) ISSN 2287-0083



UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

page | 80

Vol.6 Issue.2 (2018) ISSN 2287-0083



MsasIngmansuazmalulad uninendesusigenseni

v

wilh | 81

ANUtutureRIuAsUsumluUInamMiunneglulisdagasum
wazsneudduyana luwn sneules dmingassiil
THE CONCENTRATION OF BLACK CARBON AEROSOLS IN THE URBAN

TRAVEL AREA USED BY MINIBUSES AND PRIVATE CARS IN THE MUANG
DISTRICT OF UDON THANI

e e
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Abstract

The research aimed to (1) study the concentration of black carbon in
Urban travel areas used by of minibuses and private cars in the at Muang District,
of Udonthani and (2).develop a database of air quality management planning
for Udon thani. The area for data collection started from the traffic light at the

Baan Chan Intersection and continued to Udon Thani Bus Terminal 1 (Udondutsadi
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Road) The research focused mainly on determining the concentration of black
carbon, temperature, relative humidity at specific times. Measurement were
made during the rush hours of 06.0-09.00 in the morning and 15.00-18.00 in the
afternoon. An Independent-sample t-test was used to statistically analyze the
data. The results found that the concentration of black carbon produced by
minibuses on the weekends during 08.06-08.10 was the highest 5,881 pg/m3 At
this time the temperature and relative humidity were 30.05 °C, 81.47% respectively.
Whereas private cars produced the highest concentration of black carbon,
271,277 pg/m3 from 08.14-08-20 when temperature and relative humidity were
39.60 °C and 72.17% respectively .On weekend (afternoons) from 16.06-16.10
minibuses emissions were the highest 5,681.67 pg/m3 when the temperature
and relative humidity 33.50 °C and, 65.87% respectively. The Private cars
produced the highest emission of black carbon from 16.12-16.15 32,737 pg/m3
when the temperature and relative humidity of 34.62 °C 56.23% respectively.
The highest minibus emission on weekday (mornings) 8,834 pg/m3 was from
08.17-08.20 when the temperature and relative humidity were 30 °C and
83.60% respectively. The Private car emission were the highest 38,617.33 pg/m3
16.12-16.15 the temperature and relative humidity were 33.90 °C were 78.16%
respectively. The Weekday (afternoon) minibus emission were the highest
34,985 pg/m3 from 16.15-16.15 the temperature and relative humidity 31.67 °C,
83.63% respectively. The Private cars produced the highest black carbon
emissions from 16.15-16.20 when the temperature and relative humidity were
40.60 °C and 71.21% respectively. t-test results showed that, there were no
significant difference in carbon emissions during rush hours on the weekdays

and the weekend, (P>0.05).

Keywords: Minibus, Private Car, Black Carbon, Udon Thani Province.
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LIFT OF AGING IN UDONTHANI PROVINCE
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Abstract

The purposes of this study were to study relationship between the
physical activity and quality of life of the elderly in Udon Thani province. The
study was descriptive research. Consisted of 400 elderly subject in the Udon
Thani province. The random sampling is Accidental Sampling. The data were
collected by using questionnaires of physical activity and Questionnaires of
quality of life. The data analysis by using percentages, mean, standard deviation
and Person Product Moment Correlation Coefficient. The results found that the
most of elderly physical activity and overall quality of life were moderately
level (x = 1.63, x = 94.69 respectively). The physical activity had a low level of
a significant positive correlation with quality of life (P<0.01 respectively). The most
of the elderly have physical activity at moderate level, which is very useful for

good quality of life.
Keywords: Physical Activity, Quality of Life, Aging
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Abstract

This research paper presents the results of risk assessment for accidents
in a private school in the Muang District of Nakhonratchasima. The population in
this research was grade 4-6 students studying in an elementary school. The data
were collected using sample survey questionnaires. Data analysis and risk
assessment for accidents in the school were carried out. The results from this
study showed that most accidents occurring in the school were falls. The severity
of most accidents was mild. The accidents mostly happened during the lunchtime
period. The primary accident location was the playground. The major cause of
accidents is the lack of skill in accident prevention. Moreover, the results of risk
analysis showed a high level of risk. This suggests that moderately severe accidents
can occur frequently. Management guidelines require that risk needs to be
controlled. Finally, this work summarized plans to control accident risks and
suggests an approach for risk management in the form of the Deming cycle.
Furthermore, safety management that includes three qualitative components,

structure, process and output, was suggested to the school administration.

Keywords: Risk assessment, Accidents, Elementary school
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Abstracts

The study of socio-scientific issues can develop ability of argumentation,
analytical thinking, and advanced thinking as well as enhance a sense of
responsibility for the democratic society. As such, teachers should use
appropriate teaching styles. The purpose of this research was to study and
compare the argumentation and critical thinking about socio-scientific issues
using a brain based approach supplemented with Integrated learning and
traditional Instruction. In the second semester of the 2559 academic year,
eighty students from two classes were randomly divided into two groups of 40
students (cluster sampling) as experimental and control groups. The research
instruments consisted of (1) a 3-hour lesson plan for a week on socio-scientific
issues such as surrogacy, charcoal power generation, organ donations, and
growing economic plants as renewable energy (only a posttest was done), each
issue was addressed by three lessons, (2) an argumentation ability assessment
and analytical thinking ability test. The data were analyzed using a paired t-test,
F-test (two-way MANCOVA), and F-test (two-way ANCOVA).

The results of the research were as follows

All students, both male and female students, in both the experimental
and control groups showed developments in argumentation from the 1" to the
4" test, Also, they showed overall gains in analytical thinking in three subscales
from the before learning period (P<0.01). The male students showed more
argumentation but less analysis of relationships than the female students
(P<0.01). The experimental group students showed greater overall analytical
thinking than the control group (P<0.05). However, both groups had
argumentation ability and analytical thinking that was not statistically different.
The interaction of gender and learning method on argumentation and analytical

thinking was not found to be significantly different in all three aspects (P>0.05).
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In summary, this learning model based on the brain model can be used
to develop a student’s argumentation and analytical thinking. Instructors should
be encouraged to apply this model to teaching and learning about social issues

at other levels.

Keywords: Socio-scientific Issues, Argument Abilities, Analytical thinking,

Learning Method
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win | 155
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\em... {TH Sarabun 15 pt, f535UAN, IANTENGUUUIMN cvveeeeeeee

ayuNans3de {TH Sarabun 15 pt, fvun, I0Ta€e)

\Haw... {TH Sarabun 15 pt, f5550A7, INTENGUUUING oo

ASINUIENTA {TH Sarabun 15 pt, AU, 90TALe}

)

fim
\em... {TH Sarabun 15 pt, #555UAN, IANTEIGUUUIN cvveeeeeeee

LOAANSO19BY {TH Sarabun 15 pt, fInwI, AT}

$78N1591984 1... {TH Sarabun 15 pt, #5550, I0NTZAVUUUUINE oo

o
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