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Abstract

This paper presents a triple-band microstrip bandpass filter with a broad harmonic suppression based on
stepped-impedance resonators. This stepped-impedance resonator structure reduces the microstrip open-loop
halfwave length resonator filter's circuit size. The straightforward design technique is based on three
independently different bandpass filters combined in the triple-band filter form. The three independent filters
are designed at 900, 1800 MHz, and 2450 MHz center frequency. The excited coupling feeders have also
produced the transmission zeros between each filter. An acquirement of their transmission zeros between each
passband results in a sharp out-off band rejection. Simulated and measured results show a remarkable
agreement that the insertion losses /S,,/ inside three passbands are less than 2.1 dB.

Keywords: Triple-band, microstrip bandpass filter, open-loop stepped-impedance, microwave filter.

1. Introduction

Recently, the advance of Radio Frequency
(RF)/microwave communication requires a high
quality of transmitting and receiving the signal with a
small circuit component for multi-channel paths.
Dual-band and multiband filters play an essential
role in meeting these requirements of multiband
services. Various methods are suggested for designing
dual- and triple-band bandpass filters (BPFs).

Microstrip dual- and triple-band-based microstrip

structures are more flexible circuit designs with low
loss, small circuit size, and lightweight circuit layout
filtters [1]. The microwave dual-band filters are highly
desirable in wireless communication systems and are
discussed in many research works. A dual-band
bandpass filter has been presented in [2]; however,
the configuration still occupies a large area as a
cascade connection of a wide-band bandpass filter
and a band-stop filter. Dual-band filter design which

is tunable dual-band resonators, presented with

doi: 10.14456/rmutlengj.2023.1
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stepped-impedance transmission-line sections [3].
Cross-coupled filters with a dual-passband response
are designed as compact miniaturized hairpin
resonators, which are elliptic function type designs
[4]. Controllable fractional bandwidths of dual-band
bandpass filters are constructed by multiple
stepped-impedance  resonators and  parallel-
coupled microstrip lines [5]. Dual-band bandpass
filters (BPFs) with a simple design method are
suggested using two independently controllable
bandwidths [6]. Half-mode substrate integrated
waveguide (HMSIW) resonators are introduced as a
compact dual-band filter using the quasi-TEM mode
and the TE102 mode of the novel HMSIW resonator
[71. A Dual-band bandpass filter utilizing an
asymmetrical  stepped-impedance resonator s
designed as a high-selectivity response for a dual-
band filter [8]. The microstrip filters based on
stepped-impedance resonators have a compact size
and high signal performance resonator structure.
Two adjacent coupling half-wavelength stepped-
impedance resonators (SIRs) with a defective ground
structure (DGS) is presented as dual-band bandpass
filter [9]. Meandering stepped impedance resonators
(SIRs) exhibit a size reduction in a miniaturized dual-
band narrow bandpass filter (BPF) [10]. A coupling
configuration of the stepped impedance resonator
(SIR) has been introduced to design dual-band
bandpass filters with a small circuit size [11]. Dual-
and triple-band characteristics are achieved using
Coupling structures with both Chebyshev and quasi-
elliptic frequency responses [12].

Moreover, the dual- and triple-band filters are
fabricated on various materials such as metal cavities
and dielectric resonators. In [13], the dual- and triple-

band tunable filters in a single cavity are achieved

by putting two or three identical sets of metal-post

pairs. The manifold approach is used to design new
multiband waveguide filters as in [14]. Triple-band
dielectric resonator in a metallic cavity is
represented in [15]. However, the design structure
based on metallic waveguides is still in large
constructions. A triple-band filter has been proposed
in [16] with a half-wavelength resonator to design the
miniaturizing planar circuit. A triple-band high
temperature superconducting (HTS) filter using
coupled-line stepped impedance-resonator (C-SIR)
has been proposed in [17]. In [18], planar filters are
designed by using a multi-stub-loaded differential-
mode. Low profile and lightweight structures can be
designed by substrate integrated waveguide (SIW),
with a low-cost structure while maintaining good
performance. SIW- are represented in [19]-[21] for
dual- and triple-band resonator filters. All of these
multiband filters are focused on various materials
and structures. However, microstrip RF/microwave
filters provide a flexible design with a small circuit,
low loss, and low complexity designs.

This paper presents a triple-band microstrip
bandpass filter with a wide harmonic suppression
based on stepped-impedance resonators to offer
low loss, low cost, and good rejection responses.
The independent three resonator filters are
combined using the same coupling feeder, which

helps reduce tuning resonant frequencies.

2. Materials and Methods

The basis of the stepped-resonator filter design can
be explained in this section. Microstrip stepped-
impedance resonator can be represented in the form
of a half-wavelength shown in figure 1(a). The
stepped-impedance resonator configuration consists
of two lines of different characteristic impedance Z,

and Z, admittance Y; and Y,, and electrical lengths

Volume 8 Issue 1 January - June 2023
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6, and 6,, respectively. The ABCD matrix can explain
the non-uniform stepped impedance structure like
the following matrix.

(1

0y

cos 62 JZ,sin 0, |cos 29, jZ,sin 0 [cos 6, jZ;sin 6,
e ool e e ]
2

cos 0, cos 0,

The input admittance V;, of the symmetric

stepped-impedance can be expressed as;

2(K tan 6,4+ tan 6,)-(K— tan 6,- tan 6,) (2)
K(1- tan? 6,) (1- tan?0,)—-2 (1+K?) tan 6, - tan 6,

Yin=fYz

Where K'is the ratio of characteristic impedances
of Z,/Z,=(Rz <1). At resonant condition, Y;, is zero, then
the first mode and second mode frequencies of the

stepped-impedance resonator are explained in [22].

tan 0, =Rz cot 0, (at f=f,) (3)

Where R, is the ratio of characteristic
impedance Z, to Z;, and the electrical length of the
resonator is denoted as 0, and 0, for the first mode
(f). The second mode (f,) can be calculated as

cot B,=-R, cot B, (at f=f) (4)

When (R, <1), the resonator has a small size and
wide stopband by selecting a ratio value of R,.

The triple-band stepped-impedance resonator
can achieve by using the filter design based on an
independent filter. Firstly, the filter is designed
independently at the center frequency of 900 MHz,
1800 MHz, and 2450 MHz. Based on the coupling
method, the input/output external quality factors,
Q., and the internal coupling coefficient between
the adjacent resonators, Kij can be expressed in the
following equation.

_ 9001
Q. = 2% (5)

-FBW
K..:

U (6)

Where FBW is the fractional bandwidth of the
bandpass filter, element values g, and g, are 1.0, and
g, is 1.4142 for Chebyshev lowpass filter elements
[23]. The proposed triple-band filter for the center
frequencies of 900MHz, 1800MHz, and 2450MHz with
fractional bandwidth (FBW=6.6% at 900 MHz, 4.4%
at 1800 MHz, and 3.5% at 2450 MHz), respectively.
The corresponding external quality factors (Q,) are
21.23 for the first band, 31.85 for the second band,
and 48.49 for the third band. The coupling coefficient
Ky, is 0.046 for fundamental resonant frequency f; =
900 MHz. The coupling coefficient K;, is 0.037 for the
first mode f; = 1800 MHz, and K, is 0.029 at 2450
MHz, respectively.

A beginning design for the miniaturization of the
filter structure is used to be the beginning structure
of these triple-band stepped-impedance resonator
filters, as shown in Fig. 1(b). Typically, a symmetric
feeder placed near the center of the resonator has
no attenuation poles. In contrast, an asymmetric
feeder, including the feed placed near the
resonator's edge, has two attenuation poles beside
the passband, which has sharp cutoff rejection near
the passband. However, the feeding position is
shown in Fig. 1(b) still has two attenuation poles
between the lower side- and upper-sideband.
Besides, the wide harmonic suppression can be
improved at the upper side-band. With the help of
topology in Fig. 1(b) and the frequency response in
Fig. 1 (0), the location of the feed line (t) can be
selected to meet the high performance of wide
harmonic suppression on the upper side-band of the
operating frequency band. Harmonic suppression is
reduced by adjusting distance (t) from the beginning
point of the center (t=0) to (t=20 mm) of the

Volume 8 Issue 1 January - June 2023
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coupling feed line, as plotted in Fig. 1(c). It has been
found that the harmonic level is less than -20 dB
when TZs are located between the passband filter.
The relationship between the external coupling
factors (Q,) and the gap (¢) is shown in Fig. 1(d). The
coupling coefficient (K;) is depicted in Fig.1 (e).

6 g 6 | & | &
- === 7
z A A T

Fig. 1 (a) Basic layout of the stepped-impedance

resonator (Rz<1)

Port 2

Port 1

Fig. 1 (b) topology of the filter by changing feeding

location

04 ——1t=0 mm
| ——1t =20 mm

104 ,

20 4 .
-30 4 .

-40 4 .

Insertion Loss:S,, (dB)

-50 .

-60 -

LI T T T T T T T T T T
06 08 10 12 14 16 18 20 22 24 26 28 30
Frequency (GHz)

Fig. 1 (c) TZs and wide-band frequency response

90 T T T T T T T

—— @900 MHz #
- - - @1800 MHz A T
-~ @2450 MHz 2

@
o
1

fey [ =
o o o
1 1 1

External Quality Factors (Q,)
S
o

T T T T T T T
02 03 04 05 06 07 08 09 10
Gap (g) between resonators and couping feed (mm)

Fig. 1 (d) external coupling factors (Q,)

0.10 T T T T T T T T T
—— @900 MHz
0.09 -
) - - - @1800 MHz
P -~ @2450 MHz| |

0.07 4

0.06

0.05

Coupling Coefficient (K;)

0.04

0.03

0.02

T T T T T T T T T
02 03 04 05 06 07 08 09 10 11 12
Spacing (S) between resonators (mm)

Fig. 1 (e) coupling coefficient (Kj)

3. Results and Discussion
3.1 Dual-band open-loop stepped-impedance
resonator filter design

The filter was designed separately from each
other and then combined to form dual-band and
triple-band, respectively, to demonstrate the dual-
band as the first example in this section. The
input/output (I/O) structure is used to couple
between microstrip lines and stepped-impedance
resonators. An example of a dual-band resonator
filter is operating at the frequency of 900 MHz, and
the second resonator filter is designed at the
operational frequency of 1800 MHz. The IE3D

program is used to develop the filters with dielectric

- Volume 8 Issue 1 January - June 2023
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substrate height h= 1.27mm and relative dielectric
constant &, =6.15.

Fig. 2 (a) shows the dual-band filter's schematic
structure, designed in the form of two bandpass
filters independently. The dimensions of the filters
are listed in Table 1.

Table 1 The sizes of stepped-impedance dual-band and

triple-band resonator

Dimensions F1=900 F2=1800 F3=2450
MHZ MHZ MHZ
Resonator widith (w;) 6mm 58mm 54mm
SteppecHimpedance width (w,) 4mm 4mm 4.29mm
Feed width (w,)
The gap between couplingfeed and Imm Imm Imm
stepped-impedance resonator (g) 025mm 031mm 06mm
Spading between resonators(s)
Feed length (U
Resonator length (Ly)
Resonator length (L) 0.73mm 093mm 107mm
Resonator length (L)
Distance between resonator fitter (O,) 75.13mm
Distance between resonator filter ©,) | 29.67mm
144mm
96mm
546mm 546mm
589 mm 589 mm

Moreover, Fig. 2(b) and 2(c) show the density of
current flows on the resonator's metallic surface at
the center frequencies of 900 MHz and 1800 MHz,
respectively. When the dual-band operates in the
first resonant filter (900 MHz), The current flows from
the input port to the output port at its resonant
frequency band at 900 MHz, not for the second band
(1800 MHz). On the other hand, when the second
resonant frequency band (1800 MHz) is operated,
most electric current flows via the second resonator
at its resonant frequency. The independent design
can work adequately in its resonant frequency and
cooperate very well when combining in the form of

a dual-band filter.

The implementation of the dual-band second-
order resonator filter is shown in Fig. 3(a). A circuit
board plotter produces the dual-band filter
prototype. The network analyzer is used to measure
the reflection and insertion loss. The dual-band filter
frequency response at 900 MHz and 1800 MHz is
portrayed in Fig.3(b). The insertion loss in both
frequency bands is better than 1.8 dB, and the
passband's return loss is greater than 20 dB. The
frequency responses demonstrate the emergence of
the transmission zeros on both sides of the passband
at 900 MHz and 1800 MHz, improving the filter
performance. Most of the losses are due to the SMA

connectors and fabrication process.

Port 2

Port 1
Fie. 2 (a) Layout of the dual-band filter at 900 and

1800 MHz

Port 2

_
[ EE

—— —
=== High current distributions === Low current distributions I

Port 1
Fig. 2 (b) Current distribution of the dual-band at the

[]

first resonant frequency at 900 MHz
Port 2

o ] [ ]
[0 ) [ —

=== High current distributions === Low current distributions

Port 1
Fig. 2 (c) Current distribution of the dual-band at the

second resonant frequency at 1800 MHz
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Fig. 3 (b) Frequency responses of the simulated
results and the measured results.

Moreover, the principle of dual-band filter design
can be proved by another dual-band frequency. Here,
the dual-band filter at 1800 MHz and 2450 MHz can be
introduced as another example. The dual-band filter
structure was designed and simulated by the IE3D
program, as shown in Fig. 4 (a). All dimensions are
tabulated in table 1. Fig. 4(b) and 4(c) show the electric
current distribution over the designed dual-band filter's
strip conductor surface at the center frequencies of

1800 MHz and 2450 MHz, respectively.

Port 2
L
W, -
[N e
s |
—L,— '_Lz_'
Port 1

Fig. 4 (a) The filter at 1800 and 2450 MHz

Port 2

== High current distributions === Low current distributions I

Port 1
Fig. 4 (b) Distributed current at 1800 MHz

Port 2

=== High current distributions === [ ow current distributions

B
=

Port 1
Fig. 4 (c) Distributed current at 2450 MHz

Fig. 5(a) displays the dual-band filter
prototype at 1800 and 2450 MHz operating
frequency, respectively. Fig. 5(b) shows the S-
parameter responses of the dual-band filter in which
the insertion loss inside the mid-band is better than
1.8 dB at 1800 MHz and 1.92 dB at 2450 MHz,
respectively. The return losses are greater than 23
dB in both passbands. The filter exhibits two
transmission zeros between the first- and the second
frequency bands, improving the cut off rate of the
filter response. The out-of-band rejections of both

filters are more than 35 dB.

Fig. 5 (a) Fabricated dual-band filter at 1800 and 2450

MHz
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Fig. 5 (b) Frequency responses of the simulated results
and the measured results

3.2. Triple-band stepped-resonator filter design

The triple-band filter geometry comprises three
independent filters, as illustrated in Fig. 6(a). The
design technique based on three filters with different
frequencies is joined to form the triple-band filter. A
coupled line is used to feed the signal between the
input and output ports. To achieve the triple-band
filter, the numerical simulator (IE3D program) can be
used to simulate the current density and the S-
parameters results. Fig.6(b), (c), and (d) show the
distributed current flows of the designed triple-band
filter at the center frequencies of 900 MHz, 1800
MHz, and 2450 MHz, respectively. All associated
dimensions of the microstrip triple-band filter are

detailed in Table 1

Fig. 6 (a) The triple-band resonator filter

Port 2

O wwl
AN [®m

=== High current distributions === Low current distributions

00 e
LN @

Port 1

Fig. 6 (b) Distributed current at 900 MHz

Fig. 6 (c) Distributed current at 1800 MHz

High current distributions === Low current distributions |

Port 1

Fig. 6 (d) Distributed current at 2450 MHz
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Table 2 The comparison with some previous triple-band bandpass filter (NG: Not Given)

Reference Resonator type Circuit size (mm) Order 1%/2™ /3%passbands (GHz) IL (dB)
[14] Waveguide resonator 3 11/115/12 06/26
[15] Dielectric resonator NG 3 38/4/42 036/041
[16] Shorted-dircuit steppecHimpedance resonator 2 349/4.13/557 4.15/4.18/45

High-temperature superconducting fitter using

[17] couplecHine stepped impedance resonator
Microstrip stepped impedance resonator 15X20 2 157/35/55 0.1/02/066
This work 80X30 2 09/1.8/245 1.75/18/192

A photograph of the fabricated triple-band filter is
pictured in Fig. 7(a). The designed triple-band filter
was also measured using an HP network analyzer.
The measured performance is shown in Fig. 7(b). The
microstrip triple-band is designed at the operational
frequency of 900 MHz, 1800 MHz, and 2450 MHz with
fractional bandwidth (FBW=6.6% at 900 MHz, 4.4%
at 1800 MHz, and 3.5% at 2450 MHz), respectively.
The passband insertion loss (IL) is less than 1.75 dB,
1.8 dB, and 1.92 dB. The return loss (RL) in three
channels is better than 20 dB in the passband, as
shown in Fig. 7(b). The losses are mainly attributed
to the conductor loss of copper. The transmission
zeros are located at 600 MHz, 1100 MHz, 1500 MHz,
2000 MHz, 2300 MHz, and 2550 MHz, improving the
selectivity of the triple-band filter. The microstrip
triple-band filter can enhance the out-of-band
rejection of more than 35 dB between each band.
The comparison with some reference triple-band

filter has listed in Table 2.

11
Jaj_gL 5

Fig. 7 (a) Fabricated triple-band filter at 900, 1800,

and 2450 MHz, respectively

S-parameters (dB)

—=—Measured S;;: RL —— Simulated S,: RL

—— Measured S,;: IL —— Simulated S,;: IL

T T T T T T T T T T T T
06 08 1.0 12 14 16 18 20 22 24 26 28 3.0
Frequency (GHz)

Fig. 7 (b) Frequency responses of the simulated

results and the measured results

4. Conclusions

This work presents the ease of a triple-band
bandpass  filter  utilizing  stepped-impedance
resonators with coupled-feed lines. A compact
triple-band high-performance filter is easily realized
to design with multi-frequency bands. The triple-
band filter is achieved by using three independently
resonant filters combined input/output coupled-
feed lines. All six transmission zeros are also
continuously produced. As a result, the triple-band
filter's out-of-band rejection performance has been
greatly improved by more than 35 dB. The measured
insertion losses inside the three passbands are lower

than 2 dB. Finally, this proposed triple-band filter can

achieve ease of structure and fabrication process.
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Jumsuszendldnmsesnuuunisveassiewaianisesniuudiulseaunand (CCD) naawsnsiasgmideata wui
wisflweifimnzauveanszuIUNSNARaINAINGDY 7 1dU Ao A1wFsaIn 12980 kg uazgumgd 376 °C Wloth
wisfwesimnzaunldlunsruiunmanaimuin ansouiuussandidenalunssuiunsndnaedinden 7 &y
Ididusndu dud wsefaRigad 250.6595 Alafiaiu usaisgegn 277.4124 Alafiaiu uazmsiai 5.1985 %

(% a a

AEnARY aInANGEed 7 1 audRleng n1sesnwuudinysvaunan (Cco)

Abstract

The objective of this research is to study the optimal conditions of mechanical properties on 7-wires strand, to
comply customer’s need of mechanical properties conditions respectively; the yield load > 234.6 kN, the
breaking load > 261 kN and the elongation > 5%. At the present, the mechanical property of 7-wires strand
does not conform to the customer’s specification, which was caused by parameters of 7-wires strand process

inconsistency, e.g. tension and temperature. The proposed improvement was applying the Design of Experiment
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(DOE) using Central Composite Design (CCD) technique where statistical results of optimization indicated the

tension of 12980 kg and temperature of 376 °C. When the appropriate values of these parameters were used

in the process, it was found that the mechanical properties were increased e.g. the yield load was at 250.6595

kN, the breaking load improved to 277.4124 kN, and the elongation was developed to 5.1985 %.

Keywords: 7-wires strand, mechanical properties, central composite design (CCD)
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Yield Load = 1190 - 0.0311 Tension
3.39 Temperature- 0.000000 Tension*Tension
+ 0.00256 Temperature*Temperature

+ 0.000087 Tension*Temperature (1)

M1TNN 3 NANITIATIZI ANOVA YBIuIImagal

Source DF SS MS F-Value P-Value
Model 5 294.031 49.005 19.31 < 0.001
A 1 190.744 190.744  75.14 < 0.001
B 1 97804  97.804 38.53 < 0.001
A*A 1 0.391 0.391 0.15 0.699
B*B 1 0.940 0.940 0.37 0.549
A*B 1 3.645 3.645 1.44 0.244

Error 21 53.307 2.538
Total 27 347.339

N193LATITYNARTIAIAIEN A1UITOUAAINANTT
Anszvidadeiiinadoussiagean (v2) lddsmnsed 4
dlovihnnsiansandviswandn (Main Effect) wuih A
feaam (A) efidnsna eg1afioddey 7seduany
Wi oiTu 95% 1l esa1nileAn P-Value < OL #38 0.001 <
0.05 Hutes Feuansliiiuinanuiisaindwnninavili

LLiﬁqqaqm (Y2) anad AagunIsn 2

Breaking Load = 440 - 0.0079 Tension-
0.27 Temperature- 0.000001 Tension*Tension
- 0.00108 Temperature*Temperature +

0.000077 Tension*Temperature 2

M13NN 4 NaN1TIATIE ANOVA UBILIIAIEEn

N1STLATIEYRNANITEAR D 1NITOLAAINANT
nseiiadeiifinasonsias (v3) lswmnseit 5 Tag
dlevhnsinsandviswandn (Main Effect) wuin A2l
faan (A) uavgungil (B) d9wSwasgrsitudAy
fiszunudesiu 95% wesanian P-Value < o 3o
0.001 < 0.05 Yutes euanslfifiuinnnufsadnuas
qquﬁ&“fﬂmnﬁmaﬁﬂﬁmﬁmﬁa (Y3) i uanTy &

AUNSN 3

Elongation = -234.2 + 0.01545 Tension
+0.674 Temperature-0.000001 Tension
*Tension - 0.000855Temperature

*Temperature+ 0.000000 Tension*Temperature (3)

A1571997 5 HAN15IAS1Y ANOVA 89n158ns

Source DF SS MS F-Value  P-Value
Model 5 6.17573 1.02929 97.95 < 0.001
A 1 408225 4.08225 388.47 < 0.001
B 1 019378 0.19378 18.44 < 0.001
A*A 1 174258 1.74258 165.82 < 0.001
B*B 1 0.10475 0.10475 9.97 0.005

A*B 1 0.00005 0.00005 0.00 0.946

Error 21 0.22068 0.01051
Total 27 6.39641

Source DF SS MS F-Value  P-Value
Model 5 419.347  69.891 29.07 < 0.001
A 1 386.622 386.622  160.82 < 0.001
B 1 13.754 13.754 5.72 0.026
A*A 1 6.318 6.318 2.63 0.120
B*B 1 0.166 0.166 0.07 0.795
A*B 1 2.880 2.880 1.20 0.286

Error 21 50.485 2.404
Total 27 469.833
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Surface Plot of 1.0 %Yield Load vs Temperature, Tension

255
3=ul
1.0% Yiel Load
245
240

12000

E‘U‘ﬁ' 11 Response surface for interaction effect of tension and temperature on yield load

Surface Plot of Breaking Load vs Temperature, Tension

280
Breaking Load 275
&

265
12000

E‘U‘ﬁ 12 Response surface for interaction effect of tension and temperature on breaking load

Surface Plot of Elongation vs Temperature, Tension

Tension

gﬂﬁ 13 Response surface for interaction effect of tension and temperature on elongation
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New Tension Temperat S v s = <o Y
_ e ransn oo M3 6 TBYANITNARBITIVDINTITNDTNLMZa
RROENE [12980.0] [376.0] U7 30 Feeng
Predict Low 12117.0 376.0
ey A B Y1 Y2 Y3
Composite I Ay gamgdl usae usele s
Desirability R ) )
D: 0.7072 flaann Q) gal gegn Badn
(kg) (kN) (kN) (%)
Elongati  ____ Z} N 1 12980 376 25230 27660  5.14
Maximum
N— 2 12980 376 25000 27590 5.5
d=0.53234 3 12980 376 250.22 276.00 5.19
) q 12980 376 252.10 278.00 5.24
Breaking \
Maximum [ %7 'K"m 5 12980 376 251.10 27730 5.20
el 6 12980 376 251.80 279.20  5.10
d = 0.79552
7 12980 376 209.80 27620  5.21
1.0 %Yie 8 12980 376 250.70 27570 5.8
Mo
Sximem 9 12980 376 25020 27620 521
y = 250.6595
d = 0.83526 10 12980 376 25120 277.10 527
11 12980 376 250.00 27590  5.18
U7 18 anmzfivanzauveanniines 12 12980 376 25030 27650 5.22
13 12980 376 249.80 27610  5.17
o v a e v o i 14 12980 376 24950 27610 5.3
NRINEN SRR STmINzaNaINIUTUNTULAD AS5UN
- - o 15 12980 376 25120 27730 522
14 AUAIAIN 12980 kg. WAz gaunad 376 °C {37834
. e .. 16 12980 376 250.90 27820  5.20
YIn1571301005 AT uN1SHERNDS S Wi dudunanng
s . . ) 17 12980 376 25210 27860  5.21
aaesnbe asusiunuluiussyuusenirualvnaass
e . 18 12980 376 24930 27720 5.8
NAPTSITILAN 3 A3 A 19 12980 376 24950 27700 524
- A3 1 93U 10 AR 20 12980 376 24910 27590 520
- AN 2 97U 10 MDY 21 12980 376 24990 27590  5.21
- ASIN 3 91U 10 AIEN9 22 12980 376 249.00 27570  5.16
Hdaulun1snnaes asta@suNaNISNAARUANU R 23 12980 376 250.60 27720 522
W INaf0819Ma9NNEALAS AT ULAEYINTIEIIUNS 24 12980 376 249.70 27550  5.19
NAADILFALASINNAADWASIAY A1ASIA 1 150 2 lalku 25 12980 376 249.00 27520  5.24
Tivgansvaaeaianuaviuil a1nn1sveaedasaduma 26 12980 376 249.00  276.10 5.7
3 AsenaaUNanaaeuALTRIINAHIUALNUNIgNAN 2f 12980 376 24980 21580 521
Y o d e y o ed 28 12980 376 24990 27540  5.20
ABINTTAINNTIN 6 VBYANITNARDITIVBINITITNNDST
i L s s 29 12980 376 24990 27620 522
WLNZEN 91U 30 F9819 VBIN1SNARBITI 3 A3
30 12980 376 250.10 276.00 5.20
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v

ANSaT 7 One-Sample Yiled Load

Null hypothesis H,: 1 =250.659
T-Value P-value
-0.05 0.957

#1597 7 M3UsETIaNAYeslUTUNTH Minitab 9t
wiléinen P - Value o8l 0.957 sidnannnin A 0.05
Fawousu H, dumneanuirdoyaduduarugniesd
11910 30 deya Ao UszvnsnquidentuiuAade
250.618

Fsaonadosiumsfinesiuuizauosei 1%
Yiled Load Ao Tension 12980 kg. Wag Temperature

376 °C azvilsiléien Yiled Load figean fio 250.659 kN

ANS9T1 8 One-Sample Breaking Load

Null hypothesis H: W =277412
T-Value P-value
-1.68 0.104

A15719% 8 91NNNSUTTUIANAVRILUTHATH Minitab
auuiulaa1An P - Value 8¢ 0.104 FadiA1uinnin o

I L

0.05 Fagoufu H_ ‘ﬂguwmamqmﬁsﬂ'agaauaumm
gndesiiléinnann 30 deya Ae Uszrnsnguniedtudu
Anady 277.351
Faaoandastumsfinesiiviangauvesan Breaking
Load f® Tension 12980 kg. uag Temperature 376 °C

wyilAlsien 1% Breaking Load figean fe 277.412 kN

ANS97 9 One-Sample Elongation

Null hypothesis H,: W =>5198
T-Value P-value
1.63 0.113

AN5199 9 91NN1SUSELIaNAaTeIlUsLATY Minitab

auWiuledne P - Value ag#l 0.113 Fsdldunni o

- @

0.05 98013 U H_ fuwmﬂmmdﬁaaﬂawwmm
gndesfiliinan 30 deya Ao Usznnsngueatuiu
Aade 5.210
Feaonndoatunis1dines i iuizauvesnn
Elongation A ® Tension 12980 kg. L@z Temperature

376 °C ag¥il¥iléen Elongation figega e 5.198 kN

5. @3y

311N15U528NALEN1500NLUUNITNABDT WU
Hadfe 1t 2 Jady fo Anufeanuaronngl Tnarouse
fagean usedafigasl wazn1sdada audasuidienn
AN1727 LNUITANVINIS1T LA (Parameters
Optimization) MMSUNTEUIUNITHARAIALNANNE
WNAEIEINTUABUNINEALTITEN 7 LU AD AIIUAIAIN
(Tension : A) 12980 kg uayganail (Temperature : B)
376 °C wazumMAaesn 3 AYs $auau 30 Aret1a
WuIA1sEAUAI o unnndn 95% Vinlildunds
KANDUAUBIN 3 mamauauaqﬁﬁmqﬂqﬂ (Maximum)
Farmanavauasie 3 agflargannnittefinunes
Qﬂﬁ"l (Customer Specification) [9] Tasaunsausziiu
Wuanuenwela (Satisfaction) Taasaule 70.72 %
wé’qmmfuai"wL‘l‘jummg’lumiﬁwm (Standard and
Operation : S&OP) @ uSuwiaNnaAINGEId WS UABUNTA

SAUTITEN 7 1&U VWA 15.2 1.

6. inAnTIuUsTNA
Fiduveveunalssnunsddnundingunlinig
aruayuuazn1sYIBmionuNITNIAuTIUTINT oY
yAABINIHAN WagNainTenTunufiegiailennaey
ManUABNavemInANGes 7 U vu1a 15.2 1y, uay
YBYBUAMAIVIIVITAINTIUAFINAT UNIINYIY
waluladsvssaangann 7 liaueyinsgsild

TUsuASH Minitab V.18 dwmsuiasieviveua

Y
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Abstract

This research presents mathematical modeling of prestressed concrete piles embedded into the area where
the top layer was a soft clay and the stiff clay was a second layer. The end of the pile sat on a dense layer of
sand. The PLAXIS 2D was used to model a solid square single pile in the size of 0.35x0.35x12.00 m. The loading
capacity was 490 kN with a safety factor of 2.5. The simulation procedure was done by increasing the load up
to 2.5 times the designed load, then the load was gradually reduced to zero. From the simulation, the load
capacity of the single pile and the settlement were obtained. These results were compared with the results
obtained from the Dynamic Pile Load Test (DLT) of 8 piles. The analysis revealed that most of the DLT tests
had lower settlement Residual Displacement (RMD) values than the PLAXIS 2D model for all ranges of loading.
However, it was found that one single pile had a higher settlement value than the other piles and also higher
than the simulation value of about 47%. This resulted in variability in the DLT testing. The analysis also found
that the loading capacity of the piles obtained from the DLT testing was not directly proportional to the
reduction of settlement and the safety ratio was up to 3.0-3.7 times. And DLT testing should be more than 3

piles for averaged and analyzed in conjunction with PLAXIS 2D for a more reliable load capacity.

Keywords: Axial Bearing Capacity, Dynamic Load Test, Settlement of Pile, Mathematical Modeling.
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Parameters Pile Soil
Linear Elastic Concrete Clay1 Clayz Sand
/Unit
Type Non- Undrained | Undrained | Drained
Porous
yu (kN/m?) 25.00 19.10 20.42 21.63
E N/m?) 35x10° 38,863 | 409,526 | 11x10°
v 0.20 0.30 0.30 0.30
¢ kvm?) - 89.34 235.36 -
¢ - - - - 39
Depth (m) 12 0-4 4-10 10-17
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#9835 Dynamic Pile Load Test
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fitfounin Medlnnsmageu DLT Swuandliifiudninden
nssudmdnussynUasndeeylutag 3.0 89 3.7 wh
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M139 2 NaNITVAABUNLARIN PLAXIS 2D Wagannis WMUAUTIVNLRUTUIENTIN 1100 §19 1220 Aladieiu
NAd@ou Dynamic Pile Load Test Walguiunsiiudmingedun 123 89 1100 Aladin
Pile No. UTL | MDM | RDM | FS fu visdlonadesnnuaneanduiliegludunsefiviu

(N) | (mm) | (mm) wndsdauauisatunissvdminusimnlaas [11]

Plaxis 2D 1,226 6.43 3.25 25 . = = v a <
mugﬂ‘w 7 WEAININITNIARIUIIUTDULRUULUBIN

CAPWAP-1 1,490 10.73 3.16 3.0

nssuiminussyn 2.5 wih dunalidnesiinanuduves
CAPWAP-2 | 1740 | 912 | 304 | 36

Fsoutandulunuuinassvastunus uuumduRumten

CAPWAP-3 | 1,702 | 8.11 310 | 35
CAPWAP-4 | 1696 | 9.4 116 | 35 gaulntudavanmuluasiutunIeuIalateues
CAPWAP-5 | 1829 | 1339 | 217 | 37 wndnegaiiuladnau Fudungfnssunisgudivesdu
CAPWAP-6 | 1,493 | 2336 | 822 | 30 AUNLAMAIN Stress Distribution Taga 1A enann1s
CAPWAP-7 | 1,589 | 13.00 | 319 | 32 edmAmnsslgh
CAPWAP-8 | 1,697 | 1035 | 202 | 35

UTL = Ultimate Load, MDM = Maximum Displacement, RDM = Residual .

Displacement, FS = Factors Safety 3.3 F\/ﬁl,U?E/‘U/»'V/FJ'U?’)751‘107741\17'7Uiﬁg]ﬁﬂvﬁ']ﬁ//?@ﬁn@'mn75
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23 mmmm Ultimate Load (DLT)

mmmm Displacement (DLT)
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3.2 uan7591ae9n 1 INgAdIveuaNTunen Aaglusunsu (@ Max-Load 1226 kN 6.4
PLAXIS 2D (b) Un-Load 0 kN 33
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UNANEYD

UnANNA ST U aueALIINTaNTeuNATANIIATIITUNISIARNTI e uuuLend B assuuuTaneadmy
Sunesmesdeusslunatemhendalriwuunszaed wWaduwwimdunisldusslevdmedauuulansadmiu
fefuannsuenfidassduinannsindenheranliiuuunssaesiitinniues ﬂiuummmﬁi%mwwam
Triihuuunszanedidiuau 5 63 ilild 15 sUuuu 9nwan1siaesnsiiaunudmnnvesdaliiuuunsganesdadl
SrnuiiniuaunseiaUsunamdsliive menaslwiiuunssaeswifuvdelnddest gl e dwansia
svUU Srdunedmesvemmthendnliiiuuunszanedan 5 fldmedauuumadvasliaunsonsaduld dldinada
wuuseaTinimunzansonsaduldmelunan 0.24 3undt dldmedauuuleuianmunazannsonsiaduldniely
1981 0.282 37 wazawalmadawuunad wuukeaiin wazuuulausnazaansansiadulanieluian 0.315 3w

AEARy N1393TUNITRANSTElnkuuLenidasy mherdaluihuuunszaned WWeusansa

Abstract

The research paper presents a suitability of local islanding detection methods for grid-connected inverter in
multi-distributed generation, and possible usage of local techniques for an anti-islanding condition, which is
caused by the ever-increasing installation of distributed generation. The paper uses 5 distributed generations,
resulting in 15 forms. According to the simulation results, it was found that if the distributed generation is
increasing until the power of the distributed generation equal or close to the power of the whole load, and if
the inverter of all 5 distributed generations used a passive technique, they cannot be detected. If they used an
active technique, they can be detected in 0.24 seconds. If they used a hybrid technique, they can be detected
in 0.282 seconds. If they mixed passive, active and hybrid techniques, they can be detected in 0.315 seconds.
Keywords: Islanding Detection, Distributed Generation, Grid-Connected
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Application of Remote Sensing Data with HEC-RAS 2D Model to Simulate

Floodplain in Mun River Basin
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Abstract

This paper presents an application of remote sensing data using LANDSAT-8 satellite images for land use
identification to estimate Manning's roughness coefficient. Then, the land use from satellite images with a two-
dimensional HEC-RAS mathematical model is presented. The accuracy of the land use classification was tested,
and four categories of land use were categorized using the minimum distance which is a supervised classification
technique. Then, the Manning’s roughness coefficient determined from the land-use data was used for two-
dimensional simulation. To calibrate and validate this study, data from 2011 and 2014 were used. The best

result has an NSE of 0.95-0.97 and an R” of 0.96-0.99, indicating that it is highly accurate. This two-dimensional
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HEC-RAS model has the benefit of being able to simulate flooded regions in varied land use characteristics

while using remote sensing data from LANDSAT-8 satellite images.

Keywords: Land use classification, HEC-RAS 2D model, Inundation area, LANDSAT-8 satellite imagery, Mun River
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Uzmadundlslussuuinaneiefifianuddamidudedine uaryarmaavgia uvzafallanuuszunsio
mawAsuulasesaninwindon warianssunisliusylond fafumsuimstants malivsslomifimngan Jesudu
flazdoaiamuannzreslzniSegroiles uinsdnalenisemadminuitunsguialitiegs warldiom
wn msfinwiiauenislégiadssieuiu (GEE) Tunsadunuiinuauznnis andeyavesniuiion Sentinel-2 #ag
wadlansduunuuuszezvinadesiign waglilnsuifiufoyanmaaundidunmsdiuun uaznsaaeunugndes wa
MsnageUMITMUNLIUzTIusnumeilanashd dmiagiie wuhinaddiuiiven¥ssan 308 13 unudl
wavgn¥siianugniesnniesas 71, fdduuszavduauin 0.57, fidranugndeslunssiuunsevia Wunse,
Ygn5e warlemsalunse winfuseuay 58.6, 86.2 way 68.8 AUAIRU

AdA wnuikueni$e nsdnasveglng giiadssieuu

Abstract

Coral reefs are an important coastal ecosystem in terms of biological and economic points of view. They are
vulnerable to both environment change and resource utilization. Therefore, continuous monitoring is necessary
for applying the appropriate management. However, the in-situ coral reefs standard method survey is expensive
and time-consuming. This study presents the use of Google Earth Engine (GEE) using Sentinel-2 satellite data
with a minimum distance classification technique to map coral reefs. Ground truth data for satellite data training
and validating was collected using drones. Coral reefs at Rawai beach are classified using this method as 348
rai. The total accuracy of classification is 71% and the kappa coefficient is 0.57. The accuracy of individual
classification of sand, coral, and sandy coral is 86.2%, 68.8%, and 58.6%, respectively.

Keywords Coral Reef Map, Remote Sensing, Google Earth Engine
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Name Description ion avelength Scale

Bl Aerosols 60 meters 443.9nm (S2A) / 442.3nm (528B) 0.0001

B2 Blue 10 meters 496.6nm (S2A) / 492.1nm (52B) 0.0001

B3 Green 10 meters 560nm (S2A) / 559nm (528) 0.0001

Ba Red 10 meters 664.5nm (S2A) / 665nm (52B) 0.0001

B5 Red Edge 1 20 meters 703.9nm (S2A) / 703.8nm (52B) 0.0001

B6 Red Edge 2 20 meters 740.2nm (S2A) / 739.1nm (52B) 0.0001

B7 Red Edge 3 20 meters, 782.5nm (S2A) / 779.7nm (S2B) 0.0001

B8 NIR 10 meters 835.1nm (S2A) / 833nm (52B) 0.0001

B8A Red Edge 4 20 meters 864.8nm (S2A) / 864nm (52B) 0.0001

B9 Water vapor 60 meters 945nm (S2A) / 943.2nm (52B) 0.0001

B10 Cirrus. 60 meters 1373.5nm (S2A) / 1376.9nm (S28) 0.0001

B11 SWR 1 20 meters 1613.7nm (S2A) / 1610.4nm (S28) 0.0001

B12 SWIR 2 20 meters 2202.4nm (S2A) / 2185.7nm (S28) 0.0001

9199911910 The European Space Agency [11]
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UA- (4)

waswvestoya Validation;

~ NAB
" (NxN-B

(5)

el K= Adudszansuauin

N = Srurudoyaiiomn

A = narnmesdeyafigniesiavun

B = HATRRIBINGR AP ey ausiay Aliar st

2.7.8 Toyaiuiiveniy
JiAsgsianil uil vesuurUsEn$s ndayalds

3an1n taeld3§n158uwuY Unique Values Report

ANUAZIBEALTIUMIIYRITBLARTITIEY Sentinel-2 &

IR 10x10 M1510UAsHE 1 3an1n vialdaiuise

unuiundulslansly

3. Han15IveLazanuse

INNITANYINTYILKUTA ERILUIvENTnaly
piadssiewdu luiufivelonesilag Jmingiin du
AusanenNanLITAL Uy lanall

-3 v
3.1 msiAvYeyanInauIu
I3 v a <@

Havnnsiiuteyaaunulaenisldlasulunisduiu
amuinamelaeslig Ywmdaguia edud 2
NUAMNUS 2565 Uayduil 21 QUAIMNUS 2565 UNaUERS
Youaadlunnun lagldnnaswriadanienIn wangbu

4
Uit 2
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%

SUN 2 FLnU9enaenIn

Y 9

3.2 msuvadeyaninauiu

HAN1TWUATBYLANIAFUINAIENTIIUUNAIEATEA

Y a

S198anaitums1an 1 leduimdu 3 Ussan e n)

¥ ' ' ¥
& ]

NUNNTIY V) NUAULAIST kay A) NUNULNISIUYUNIeY

Aawandlugun 3

Ui 8 avuil 1 unsreu - Gguiey 2566



RMUTL. Eng. J

9158153AIN55UAIENST WU 1Ingraemaluladsrvuenadruyl

15199 2 naudin1sduungunnieaniasy

ans1dUVDY
Uzasslunw Ussuanvasivui Value
(%)
X <50 n3Y 1
> 70 Ugn15a 2
50 < X < 70 Ygnisadunsne 3

wondeyadumiwnodlunnudl Talidmaoans
fansy Auasiansdalzgnn$e uazdinifedgniiay
318 ﬁ’ﬂLLamLﬂugﬂLLmuﬁiugUﬁ 2
3.3 MTANAININATUTIE

N lunsNATUIT Y ANINA18AINAT T BY

Sentinel-2 Aiadn13UNIUAINLUNAINAN wazidonTu

IndiAesiuiuiieenluiiudeyanirauiuunniign waile

Aeladayanmluiuil 3 nuaius 2565 Aswanslilusy

JUN 4 Jeyanimannaniiiien Sentinel-2

3.4 175 Masking WW7Un
Y] X A o & A% YR v
NANTISARBENAUNUN NUNUNYlnea FuANEYiau
pasulugIendudunige Tu band NIR Galaaniade

29971 NIR levindu 1302 wazrldiduinausiluniswen

v 1Y b4 !
A A o v o v v A ] Q)

BUANUNUN mnuummwmauﬂaLaaﬂmma‘wwwLUu

e

v %
= °

fuivhdmdudsvananatusiold

3.5 N15USULAR IR IMAEDUNA 1IN
15118 uUS91n@1N1T DIl A28 CASI Depth

Invariant Template 10e Ly, L, Lo fi8 An15aeiiow

\agvesmeLadn Band 7 2, 3, 4 AU SAwiny

1404, 1329, 1216 wag ki/ky, ky/ks, ki/k; A9 A1

a

AuUseaNSU09NIaUN5ERINg Band 2 AU 3, Band 3 fiu

4,uag Band 2 U 4 @AWY AANVIAU 1.0194,
13854 1.4365 wavillwnuluaunisaziia Band Tud
U Ao dii 1, dii_2, dii 36NL1JE]§’JJJ Band Iwmﬂﬂ“uam

o?’ﬁﬁ]fﬂii‘u mumﬂmamum Glﬂgiﬁ’] 5

Ul 5 wansTanuves Band dii 1, dii 2, dii 3

Y

3.6 159 uUNToya

msai"lLLumTaadauuQLﬁal,?)%mau?jyu AEATTIINUN
feIsnnsszeyinaiesiian veq Band dii 1, dii 2 uay
dii_3 uansiegalinlugui 6

conirovai (TS NS 8
* Imports (1@ entries) @

» var sen2visz: B4, B3 and B2 from 1395.058229891?71 to 2555.864748.
» var Mixed: Table users/HT Remotesensin g/ workshop/mix
*var DIIVIS: dii 3, d11 2 and dii 1 from -874.9845178738155 to -1.

»var selectVis: b3, b2 and bl from 1163.54 to 3582.45

» var desp: Polygon, 4 vertices

» var ROI: Polygon, 4 vertices

» var LC: Table users/MT_Remotesensing/3®_lc-mix-sand/3@lc

»var Mix: Table us ix

»var Sand: Table user R 1 @ - -

» var diivisa: dii 3, dii 2 and dii 1 from -3. 1679921096925496 to

/== Santdmwaigna oy Sentinel-2%%//

var TNPUT_BANDS = ['51','b2','b3", ba'];

Map.centerOoject (ROI);

var satImage= ee.Image(ee.ImageCollection("COPERNICUS/52_SR") //2022-82-
fiaso_mo o a_inATy

4 »

E T S ITRC Y

U 6 Tenluniialdssieniu code editor

U

°

MrundvaInunnyinswunlife Amasawanida
a = % a = £
N518 FLAILEAINIULNNTY LagananInsuesn1Teavy
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3.7 N13I9TI9AOUAINYNFHBY

N13ATIAABUAIINYNABIIBNTLUIUNNT Confusion
matrix LiteruInAYes Overall Accuracy, Wa¥ Kappa
Statistic lnefvuaduysyinnvesiunyagiedalaun
11518, Uznss, wagdgnisalunsiy

la1augne easaimnusesays 71, 0A1
FuUsyansuaUUvingy 0.57, frA1ANQNABITI8Yin
(Producer’s Accuracy) el ms1e 86.29% Uz 68.8%
wag UenSsdunse 58.6% uay flAanugnaesvesyly
(User’s Accuracy) A® %1358 83.3% Uzn153 73.3% uag
Ugn139Uunse 56.7%
3.8 YNNIV

dlefnidenansiuitiiulynfazthuuandy
E‘ULLNuﬁ‘ sl funnud nansuuaUzn1gs UM e

518 Ywiagifin Awansluud 8

uaufiudnsuuIUzN3s Usumasthd Smiagiia

05000 CoaEoo S0d000 0000

SoéEoo «nbdoo Coro00

céooo c&adoo

c&c&oo

§A>

€oo ToECCO o000 @ebdoo TBroco

U7 8 wsuintznns meilamasihg fwiagiin
3.9 doyaituiiuznsy
Kamswniiufivznds vinuweilenaslag
Jandagiin Tneidosuuniuiivessns Ugn¥s uas
Ugn¥sunmeuda Idufideuandunissd 3

- & A a i 1
BTN 3 Wumﬂﬂﬂquinm@Tﬂiq‘l’Jﬂ

UJsgm U ﬁuﬁ(msw ﬁu‘l’?‘i(‘li’)
NALYA N
9518 5,895 589,500 368
Ugn133 5,566 556,600 348
UznFalu 6,378 637,800 399
N3INY
393 17,840 1,784,000 1,115

3.10 AUTI9HAN7IVY
nsfnwadsildinaluladdimaszeslnauugiia

B¥siousu Insendemaila Water Column Correction

728735 Depth Invariant Index (DII) $aufun1sdLunlay

aa ] v a av va 9
FDICYLUINUBDYN E‘!ﬂ Na‘l/]l@]yﬂr]ﬁﬂﬂﬂqumaﬁﬂﬁﬂqiﬁ

WwinAu 348 15 waglywaila Confusion Matrix Tun1s
AnTeriaugnieswelaya nediA1Augneiedsiy
wihituSesay 71 uasdmduUszavsualunvindu 0.57
WeFeuifisuiunaenunisunaquusszniia
Tne nsumsnensmemzianazeilassaulslud 2556

' =

[13] 41 fugmislufiuiienshgvszana 603 15 91n
nsfnwiluadsnuinfvemisluiuiiens sz
348 15 Feenadafiuznisiiunmqulusnaligdn usign
dneglulszinnvesUemislunsiednuseann 399 13
yniznm¥siiud 2 Ussiamansaufuagivindy 757 13
yilviuififuenfnaquilauaenadasiuieau
YosnIUNININIIMELakaz il Mmaieudiivuiu
47U Bennett et al. [5] 9 48 Ui Urn1¥euiion
Southern Great Barrier Reef 1ngn1Me1811991011#91N
Tnsu ¢e357ednluiiA Semi-automatic work Uugiia
Bsleuiutuiieatu Menuanugniessulififesas
86 dsldnaianiinisAnuinded delddouaninain
A1y Sentinel - 2 MSI wanalifliiud s1aziden
A0 (Spatial Resolution) Fududadedfifinanonis
FUNUNITIINAINE1BAINDINIAKATIINATT BN

Fahaglnasednulusuivsnswsenalnemsly
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v v
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unuiuun$aildainnisldniiad ssieuiu
Uinmiufimasihd Smiaguin Tdeyann Sentinel-
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Accuracy) A9 1518 83.3% Urn134 73.3% waz Uzn1ss
JUnsne 56.7%, LLaxﬁﬂmmﬁuﬁmiﬂﬂﬂqmmﬂzm%’q
aaelusunsy QGIS tanade dugnissunmauluiiunan

shguszan 348 13
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aveoud WAz 813158 A9.85175 A3 AmuAAME
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