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Abstract

This article aims at explaining the technical aspects of survey and cartography
regarding land terminus point between Thailand and Cambodia. The case study will be the
starting point which is occupied by Thailand and Cambodia for delineating maritime
boundary. The analysis would scrutinize the technical aspects, such as scales and Datum,
regarding the details of land terminus point between Thailand and Cambodia. The related
technical aspects would help to understand reasons why the land terminus point was
defined differently by Thailand and Cambodia. This article would not go further about

maritime boundary between Thailand and Cambodia.

Key words: Technical Aspects, Survey, Cartography, Maritime Delimitation
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Abstract

The research aimed to ensure the searching capability of Single-Beam Echo Sounder (SBES)
as same as Multi Beam Echo Sounders (MBES). The testing was about rechecking shipwreck on
the Clyde River floor. If the solution from SBES technology is suitable for positioning shipwreck, it
will save time and budget. The experiment was with five main objectives. GIS Software was the
tool for processing and analyzing data. After the experiment was completed, the result showed
that the map from the MBES dataset (2014) could find the location and measure the dimension
of the shipwreck while the map of SBES (2019) neither found the location nor measured the
dimension. SBES (2019) and MBES (2014) could be separately displayed on the river floor in
different colours representing different depths. Moreover, the collected data by SBES (2019) on
the fieldwork met Order 1b of the specific requirements (S-44) of IHO. Furthermore, the feature
and contour lines from the SBES (2019) and MBES (2014) dataset presented quite the same feature
of the river floor, but the map of SBES dataset (2019) from fieldwork showed a few differences in
contour lines because the dataset did not cover the entire study area. Finally, the SBES dataset
(2019) could not be used for identifying or rechecking the location and dimension of the
shipwreck, but it could be used for generating the map of the river floor or seafloor. Although this
research achieved most of the tasks, SBES still has some limitations and cannot achieve the main
objective. The conclusion was that the capability of SBES was not suitable for searching and

locating shipwreck.
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15241 NFUMRINANNITID
Attached to Naval Personnel Department

E-mail: boonyarit.tazz@gmail.com

15



Royal Thai Naval Academy Journal of Science and Technology Vol.6 No. 1January — December 2023

1. Introduction

The hydrographic survey has the principal purpose to determine the data related to
bodies of water [1]. It is a technique of surveying mapping to determine the seafloor. The
collected dataset is processed to create an ocean map or navigation chart which benefits
navigation or checking the features of the seafloor. The Single-Beam Echo Sounder (SBES) is a
technology system used to survey mapping. It can reach sub-decimetres in terms of accuracy
in shallow water [2]. The SBES system may use different equipment which has different
frequencies to determine the depth of the seafloor compared to the MBES (ibid). However, the
MBES system uses several beams technique to determine the depths of the seafloor and
provide an accurate raw dataset, resolution, and the total seafloor (ibid). Therefore, this research
compared the dataset from different sources; The United Kingdom Hydrographic Office (UKHO)
[3] and collected on the fieldwork. Moreover, there are two datasets from the UKHO (ibid) which
is MBES and SBES. Then the MBES dataset was surveyed in 2014 and the SBES dataset was
surveyed in 1997. Furthermore, the surveying area was surveyed by SBES. Two techniques were
used in this research including the Single Beam Echo Sounder (SBES) and the Multibeam Echo
Sounder (MBES). The first system is the Single Beam Echo Sounder (SBES) which uses a single
beam to determine the depths on the seafloor. While the Multibeam Echo Sounder (MBES) use
several beams to determine the depths on the seafloor. The survey was performed in the
Greenock west area to investigate the dangerous wreck near the riverside. This shipwreck ID is
4124 which is approximately 500 metres from the shipwreck to the Cruise Terminal (riverside)
and then this shipwreck is 22 metres of depth. The dataset from MBES and SBES which cover
the shipwreck was extracted to prepare for processing. Next, all dataset was processed by GIS
Software to generate the map. Then the map of MBES and SBES from UKHO (ibid) and fieldwork

was compared to find the difference between these maps.

2. Objective
The MBES is a system which is quite expensive and consumes a lot of time for processing.
Moreover, this research would help several companies or countries who have limited budgets
to purchase the MBES. Therefore, this research aimed to use SBES for rechecking shipwreck
location on the seafloor.
2.1 The shipwreck was investigated by GIS Software. This process required both MBES and
SBES dataset from the UKHO (ibid) to analyse and plan to survey by SBES.
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2.2 The MBES and SBES dataset from UKHO (ibid) were processed and generated to the
map then these maps were compared to find the difference between MBES and SBES dataset.

2.3 The SBES dataset was investigated so that it could meet Order 1b of the specific
requirements (S-44) from IHO.

2.4 The SBES dataset from fieldwork was compared with MBES dataset to find the difference
on the maps.

2.5 The map of SBES dataset was analysed that it could use for identifying the location and

feature or independent check of the shipwreck on the river floor.

3. Methodology

This research processed the dataset by using GIS Software. The dataset was brought from
the UKHO (ibid) and collected on fieldwork. The area of the dataset was nearby Greenock West
and this dataset had to cover the shipwreck 4124 which is a dangerous wreck. The research
compared two datasets, so the suitable generated surface was the Inverse Distance Weighting
(IDW). This might generate a surface which can compare different surveying techniques.
However, this method was still limited in prediction to generate the contour line on the surface
because it was insufficient contour point in that area. The calculation was still limited by using
various algorithms [4]. However, there was a new method which based on the triangulation
interpolation using Delaunay tessellations (Deltri Analysis) which was superior to existing
methods (ibid). This method could fulfill the gap in the original calculation and provide the
most accurate and objective measurement. It displayed the contour on the surface. This
technique was calculated by estimating the rough data of the surface and analysing the direction
to the surrounding triangles of each contour point. Therefore, this new method is currently able
to provide the most accuracy in the predicted point on the surface. Furthermore, this research
generated not only the IDW surface but also Hillshade and Slopes. These surfaces helped the
surveyor to analyse the shipwreck to determine the location and dimension of the shipwreck

before surveying the fieldwork

4. Results and Discussion
4.1 Analysis of the surveying area and shipwreck before surveying
4.1.1 Analysis of the shipwreck area

The survey area was nearby Helensburgh. There were many shipwrecks in this area.
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Each shipwreck was suitable for surveying because it was not too deep. If it is deep, it would
make an effect on the dimension of the footprint from the SBES. Therefore, the suitable
shipwreck should be less than seventy-five metres due to the limited specification of the
BTX/SPX software. Finally, the shipwreck was the dangerous wreck (ID: 4124) which was 22
metres deep and was selected. The result showed that the diameter of the footprint was 3.07
metres so this shipwreck was suitable to survey by SBES. Another considerate factor was that
the location of the shipwreck (Shipwreck ID: 4124) had to be in the MBES dataset because there
was no MBES equipment to survey on the fieldwork. Moreover, the shipwreck should be in the
SBES dataset because the surveyor could download the SBES dataset from the UKHO [3].
Therefore, this shipwreck was in the SBES dataset and then it was processed to create the map.
This map was analysed to explore the feature of the shipwreck.
4.1.2 Analysis of the shipwreck from the MBES dataset

The results of the MBES process were in three different surfaces; Hillshade, Depth,
and Slopes. According to Figure 1, the shipwreck noticed two large hills on this map. One hill
was large and the feature or dimension was like a ship. Moreover, this hill was found that the
location was the same as the shipwreck (Shipwreck ID: 4124). This location was 390,034.45 m.
of the easting and 6,203,218.59 m. of the northing and the datum was WGS 1984 UTM Zone
30N. The dimension of this hill which was measured by GIS Software was 25 m. in length, 7.5
m. in width, 22 m. of depth and 1 m. in height. The depth after processing by GIS Software
matched the official dimensions in the UKHO (ibid). Therefore, it might assume that this hill
was a shipwreck (Shipwreck ID: 4124)

Wreck ID: 4124 (Dangerous Wreck)

\ MBES DATASET (2014)

Hillshade

Value
High : 254

- Low:0

DATUM : WGS1984

Figure 1 The profile of shipwreck (Shipwreck ID: 4124) from MBES dataset (2014) in Hillshade

surface.
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According to Figure 2, it was a map in which the depths were represented by
colours. It could notice that the area which was the same location as the shipwreck presented
suddenly changed in different colours and contour lines. Therefore, it could support that it was

a wreck (ID: 4124).

Wreck ID: 4124 (Dangerous Wreck)

N
W E
N
MBES DATASET (2014)]

Depth

Metres
wey High : -16

B ow:-25

DATUM : WGS1984

Figure 2 The profile of shipwreck (Shipwreck ID: 4124) from MBES dataset (2014) in Depth surface

Moreover, it could support the location of the ship by using the slope Toolbox
in GIS Software. According to Figure 3, the area of the shipwreck was noticed that the angles of
slopes were higher than in the other area. It is presented in red colour and the slope was from
16 to 24 degrees Therefore, this could assume that the high slopes were the shipwreck

(Shipwreck ID: 4124).

Wreck ID: 4124 (Dangerous Wreck)

N

S
MBES DATASET (2014)
Slope
Degrees
.-
[ P
.-
s
[ 5-6
I s-7
-0
I 10-16
e StV DATUM : WGS1984 I -2

Figure 3 The profile of shipwreck (Wreck ID: 4124) from MBES dataset (2014) in Slope surface
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4.1.3 Analysis of the shipwreck from the SBES dataset

Although the map of the MBES dataset could locate the location of the
shipwreck, the SBES dataset in the area of the shipwreck should be processed. The SBES dataset
from the UKHO [3] was extracted and processed to generate the map of the SBES dataset. There
are two SBES datasets which were in 1993 and 1997. According to Figure 4, the contour was
generated by depth. There was no feature or any of the suddenly changed. Moreover, the SBES
dataset (1993) did not cover the entire map so it could not investigate the shipwreck on this
map since it was unclearly representing the river floor. However, Figure 5 shows the map which
was generated in different colours depending on the depth. It could represent clearly on the
river floor. Although the map from Figure 5 was completely covered by many datasets more
than Figure 4, it could not investigate the shipwreck on these maps because no feature suddenly

changed on this map.

Wreck ID : 4124

S
1 SBES DATASET (1993)
Depth
Metres
| RERY
I 7-1s
[ ]1s-19
[ J19-20
‘ [ J20-21
[ 21-22
0 125 25 50 s o [ 22- 23
-_— DATUM : WGS 1984 I 222
1:1,500 I 2426

SRR |

Figure 4 The IDW surface from SBES dataset (1993)

Wreck ID : 4124

SBES DATA SET (1997)
Depth
Metres

0 12525 50 75 100
e —— m— |/ terS

DATUM : WGS 1984

1:1,500

Figure 5 The IDW surface from SBES dataset (1997)
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4.1.4 Analysis for designing line layout

Before surveying, the surveyor prepared the line layout which helped the surveyor
to sail a boat in the right direction. The map which was generated was 1: 1500 in scale. Moreover,
the shipwreck dimension was 25 m. in length and 7.5 m. in width. It lays in from the North to
South direction. Therefore, the gap between the line layouts should be 5 m. and the directions
were the North-South and East-West. Each line was 100 m. and was designed in GIS and AutoCAD
Software.

4.2 The comparison of the results between MBES and SBES from UKHO

The map of MBES and SBES which were extracted from the UKHO (ibid) were generated
by IDW interpolation. Then the surfaces of these maps were created to be analysed in terms of
the depth. Moreover, the main point was to analyse the difference in the maps between the
MBES and SBES from UKHO (ibid).

The MBES was extracted from the UKHO (ibid) which was surveyed in 2014. The raw
data could be generated to the surface. The MBES dataset could cover the entire area and the
grid was 2 metres. Therefore, this map of MBES dataset could generate the map and analysis
the shipwreck. According to Figure 6, the map is from -16 to -24 metres in depth, the deepest
was the dark blue colour and the shallowest was in red colour. Moreover, the datum was UTM
Zone 30N in WGS 1984 with a scale of 1: 1500. The shipwreck 4124 was noticed by three
different contour lines which suddenly changed in the same feature. Therefore, this MBES
dataset could provide dense datasets to generate the high - resolution map. This map did not
provide only the location of the shipwreck but also shows the rough dimension of the
shipwreck. Therefore, the surveyor might estimate the dimension and location of the shipwreck

from this map.

Wreck ID: 4124 (Dangerous Wreck)

| MBES DATASET (2014)}

Depth

Metres
wm High : -16

L Low :-25

DATUM : WGS1984

1:1,500

Figure 6 The profile of shipwreck (Wreck ID: 4124) from MBES dataset (2014)
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The SBES dataset from the UKHO (ibid) could generate the map by IDW interpolation.
This was surveyed in 1997. The gap between each point was approximately from 5 to 25 metres.
Moreover, the raw data was likely to follow the surveying line and the depth of this map was
from 16 to 26 metres. The deepest was in dark blue and the shallowest was in red. Therefore,
the SBES dataset could generate the map which was quite the same as fieldwork. However, this
dataset could not generate the map which could analyse to estimate the dimension and

location of the shipwreck (Shipwreck ID: 4124).

Wreck ID : 4124

SBES DATA SET (1997)
Depth
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B 17- 18
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1:1,500

Produced By 2359459s|

Figure 7 The IDW surface from SBES dataset (1997)

According to Figures 6 and 7, there was quite the same pattern, but there were some
points which were different. The dataset of the MBES and SBES were scattered to cover the
surveying area. However, the gaps between the MBES and SBES were different because the grid
of the MBES dataset was two metres. The SBES dataset was approximately from 25 to 50 metres.
Therefore, the MBES dataset was denser than the SBES dataset to cover the surveying area. The
map from MBES dataset was quite better than the map from the SBES dataset. Next, the map
from MBES dataset could analyse the shipwreck to determine the location and dimension of
this shipwreck, but the SBES dataset could generate the map. It could not analyse and
determine the location and dimension of the shipwreck. In conclusion, the Multibeam Echo
Sounder (MBES) dataset could generate the map which could analyse and determine the
location and dimension of the shipwreck. However, the Single Beam Echo Sounder (SBES)
dataset from UKHO (ibid) could generate the map but this map could not analyse and determine

the location and dimension of the shipwreck.
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4.3 Analysis of the SBES dataset from fieldwork

The shipwreck (Shipwreck ID: 4124) was surveyed by SBES and generated to the map. It
was analysed to investigate that this survey met the Order 1b of the specific requirements (S-
44) from IHO. Furthermore, this map was compared to SBES dataset from the UKHO (ibid).
According to Figure 8, the line layout was designed over the shipwreck. It was imported to set
the waypoints of the boat to ensure that the SBES collected the data over the shipwreck.
However, the line layout was unable to import to RTK screen. As a result, it sailed without
presenting the line layout. Nevertheless, the surveyor solved this problem by setting the
location of the shipwreck. Then the boat could be sailed over the shipwreck in North to South
and East to West direction. Moreover, the surveyor also concerned about the safety of the other
ships which sailed in that area. According to Figure 8, the boat track was in the green dot line.
However, this tract does not present as the line layout due to the limitation to import

information. Therefore, it might affect to the location of raw data of this surveying.

Wreck ID: 4124
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SBES DATASET (2019)
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Figure 8 The surveying track was over the shipwreck (Shipwreck ID: 4124)

After surveying, the surveyor conducted the quality test of the quality of SBES to check the
difference in depth between SBES and Secchi disc. This quality test repeated the quality test
for three times. Moreover, the surveyors checked Order 1b of the specific requirements
(S-44) from IHO and found that the maximum allowable total vertical uncertainty was 0.5 metres
of a and 0.013 of b [5]. According to the measurement in depth between SBES and Secchi disc,
TVU was calculated by using the formula to confirm that the SBES met Order 1b. It was the
result of the measurement between SBES and Secchi disc. The Order 1b of the specific

requirements (S-44) was calculated to check the maximum
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allowable TVU (ibid). The result showed that the SBES met Order 1b of the specific requirements
(S-44) in term of TVU because the differences between SBES and Secchi disc were within the
maximum allowable TVU. Additionally, the accuracy of the SonarMite BTX/SPX Specifications is
+/-0.025 metres (RMS). Therefore, the SBES also met Order 1b of the specific requirements
(5-44) in term of TVU.

The measurement in depth between SBES and Secchi disc [5]

Types The Order 1b of TVU (S-44)
SBES (Metres) Secchi disc (Metres)
Times (Metres)
First 1.10 1.10 +/-0.50
Second 1.05 1.00 +/-0.50
Third 1.06 1.00 +/-0.50

Furthermore, the maximum allowable Total Horizontal Uncertainty (THU) of the Order
1b of the specific requirements (S-44) was five metres plus 5% of depths. This SBES used the
RTK Smartnet, which could limit the error within 0.02 metres in good satellite coverage, good
geometry, and low multipath environments [6]. After the data was extracted using Leica Infinity
software, the report showed the coordinate quality in three dimensions (CQ 3D) which were the
indicator to represent the accuracy of the current RTK location in the x, y, and z-axis [7]. The
CQ 3D was less than 0.025 metres while the CQ 2 D was less than 0.015 metres. Therefore, the
SBES met Order 1b of the specific requirements (S-44) in terms of TVU and THU since the error
of THU was within 6.10 (5+ (0.05*22)) metres. Then, the error of THU was not affected by 3.07
m. of SBES footprint because this error was calculated by many uncertainty sources such as all
instruments, measurements, and environment [5].

According to Figure 9, the SBES dataset was collected from fieldwork and the map was
generated by using GIS Software. Moreover, another map was generated by using SBES dataset
from the UKHO (Figure 10) (ibid). Even though these maps had several differences, the overall
feature was placed in the same direction. The contour lines and the feature of the river floor
between these maps were likely to be similar, but the contour lines of Figure 9 were not smooth.
These contour lines were not systematic because the contour line suddenly changed. It led to

many errors in the depths of this map depending on the distance from the location of surveying data.
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The surface in the template was affected from the nearest of the dataset. Therefore, the real
depths would be different from depths of the IDW surface. According to Figure 7, there were
some differences in contour lines because the locations of surveying datasets between these
two maps were different. Moreover, the change in contour lines in Figure 9 came from a lack of
information in some areas. However, these changing contour lines could be improved by making
a line layout and the surveyors should keep the boat on the line. Thus, it could obtain the data
to cover the survey area. Although the SBES dataset (2019) could not provide the high resolution
of the MBES map, it could fill the gap and generate a map which was similar to the SBES dataset
(1997) in Figure 10. Therefore, it might conclude that these two maps are different because the

SBES dataset (2019) did not cover the entire area which led to the changes in the contour line.

Wreck ID: 4124
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Figure 9 The map of SBES dataset (2019) from fieldwork
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Figure 10 The map of SBES dataset (1997) from UKHO (ibid)
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Although the SBES dataset (2019) did not cover the entire area (Figure 9) and it might
cause an error on the contour lines, the raw data over the shipwreck area was completely
collected. Therefore, the shipwreck area (as presented in the red circle) of Figure 11 was similar
to the area in Figure 10 However, the map of the SBES dataset (1997) from UKHO [3] and
fieldwork could not identify the shipwreck (Shipwreck ID: 4124) on the surveying area. According
to Figure 11, the red circle was over the shipwreck location. The location of the red circle was
not from identifying the shipwreck from the map of the SBES dataset, but the location of the
shipwreck was from the map of the MBES dataset. It might conclude that the maps from the
SBES dataset from both UKHO (ibid) and fieldwork could not be identified in term of the location

the dimension of the shipwreck.

Wreck ID: 4124
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Figure 11 The profile of shipwreck (Shipwreck ID: 4124) was in the red circle on the map

4.4 The comparison between MBES dataset (2014) from UKHO (ibid) and SBES dataset (2019)
from fieldwork
The map of the MBES dataset (2014) from the UKHO [3] and the map of the SBES dataset
(2019) from the UKHO (ibid) and fieldwork were compared and analysed the similarities and
differences. Although the maps of the SBES dataset from the UKHO (ibid) and fieldwork showed
differences in some points, the features of the river floor in these maps showed the same
direction. Moreover, there was a similarity in several map features between the SBES and the
MBES data set including the river floor, the direction of contour, and the depth. Even though
the contour lines over the shipwreck area were not straight, these highly bent back and forth in
the shipwreck area. Therefore, it might be assumed that many differences in the level of the

shipwreck area might be a shipwreck (Shipwreck ID: 4124).
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According to Figure 2, the location and dimension of the shipwreck were detected and
measured by using GIS Software. However, the shipwreck in the red circle in Figures 7 and 10
could not identify the location and measure the dimension. Nevertheless, the SBES dataset
(2019) might improve the quality of surveying by reducing the gap between line layouts to
provide high resolution and detect more features of the shipwreck. Therefore, it might conclude
that the shipwreck (ID: 4124) could be identified in terms of the location and dimension by
using the MBES dataset (2014).

4.5 Analysis of SBES for the independent check of the shipwreck on the seafloor

The map from the SBES dataset still had gaps that limit the possibility to identify the
shipwreck. However, the map from the SBES dataset could not identify the shipwreck in this
research. The SBES dataset might be able to identify the larger shipwreck. As the SBES used one
beam to survey and it led to a large gap between surveying lines. There were two methods to
use SBES for surveying the shipwreck to gain a better result. The first one was to use the same
space between lines, but it required surveying in the larger shipwreck than this research.
Another one was to reduce the gap between the surveying lines to detect more features of this
shipwreck. Therefore, it might be concluded that it should reduce the distance of the gap
between surveying lines to detect more features of this shipwreck (Shipwreck ID: 4124). Although
the result of this research showed that the SBES was unable to point to the location and
measure the dimension of the shipwreck, the map of SBES could generate the map of the river
floor and seafloor. This map of SBES could be similar to the MBES, but the SBES dataset could
not provide the high resolution which was equal to the MBES dataset. When there were some
changes on the seafloor, the surveyor would use the MBES to resurvey the seafloor in order to
update the map on changing areas. Therefore, the SBES could not be used for identifying the
location and dimensions of the shipwreck. Moreover, the surveyor was unable to use it for
rechecking the shipwreck because there were many gaps between surveying lines. Furthermore,
it could not provide the high resolution which might detect the shipwreck on the seafloor.
Therefore, the SBES might not be suitable for identifying and rechecking the shipwreck on the

river floor or seafloor.

5. Conclusion
This research aimed to use the SBES instead of MBES for rechecking the location of a shipwreck
on the river floor. This research had five main points to investigate by using SBES dataset.

However, it met the third objective because the map of SBES from fieldwork met the Order 1b
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of the specific requirements (S-44) from IHO. Therefore, the error of this map was within the
Maximum Allowable TVU and THU. Additionally, it met the fourth objective to compare the
maps of the MBES dataset and SBES from fieldwork. The result showed that the overall features
and contour lines were quite similar. However, there were different points because the contour
lines of the SBES map from fieldwork were suddenly changed. This change in contour lines
resulted from missing information in the surveying area. Therefore, it led to the suddenly
changed contour lines in that area. However, it was able to be used for rechecking the shipwreck
on the river floor or seafloor. Although the map of the SBES dataset could not identify and
recheck the location and dimension of the shipwreck, it might used for generating the map of
the seafloor. The information from this research may be useful for several companies or
countries which have responsibility for many important areas. Then these areas need to be
surveyed by MBES to cover 100%. However, the SBES was still unable to solve the problem
because SBES had many limitations which differed from MBES. Therefore, it could not identify

or recheck the shipwreck on the river floor or the seafloor.
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Abstract

This research aims to determine the threshold for correcting the astronomical tide and
to study the guidelines for applying the threshold for correcting the astronomical tide in the
tide table by analyzing the observed water level and the astronomical tide over a tide cycle
during 1997-2016 to characterize the differences between the observed water level and the
astronomical tide (Residual Levels) and then synthesized as the threshold for correcting the
astronomical tide.

The results showed that Residual Levels of the Sattahip Bay tide gauge station during
spring tide the highest mean was 13 centimeters, during neap tide the highest mean was 19
centimeters and during the interval between spring tide and neap tide the highest average was
14 centimeters. At Songkhla tide gauge station, during spring tide the highest mean was 12
centimeters and during neap tide the highest mean was 16 centimeters, during the interval
between spring tide and neap tide the highest average was 17 centimeters. At Thap Lamu Bay
tide gauge station, during spring tide the highest mean was 18 centimeter, during neap tide the
highest mean was 16 centimeters and during the interval between spring tide and neap tide the
highest average was 16 centimeters. The Residual Levels was synthesized as the threshold for
correcting the astronomical tide according to the following period: during spring tide was 1-18
centimeters, during neap tide was 3-16 centimeters, and during the interval between spring tide
and neap tide was 0-16 centimeters. Then applying the threshold for correcting the
astronomical tide was used to compare with the observed water level at Thap Lamu Bay tide
gauge station in 2014. The results showed that the mean difference was in the range of (-6) - 44
centimeters, the standard deviation was 5 — 11 centimeters. It shows that using the threshold
for correcting the astronomical tide at Thap Lamu Bay tide gauge station in 2014 can make the

astronomical tide more close to the observed water level.
Key words: Observed Water Level, Astronomical Tide, Spring Tide, Neap Tide, Residual Levels

1. unidn

Foyaseduthviunefudeyafiiauddquenanarlivsslovifonafudoudads dn1sh
foyaseduinhuneluldatuayuiansausie Tunsa wu msdssas mavioadisr sudimnssy
yetaduiu naensumailvldiszneumsfinumeimenmansmamsia dwsunmeviuessduily

wlng Weatuayunsiuse aiuiglagisnisensiulla (Harmonic Method) Aon1sAuinian

32



Royal Thai Naval Academy Journal of Science and Technology Vol.6 No.1 January — December 2023

536"1’1151%@@%%%%@LLiqﬁq@mmmﬁw%uazmqmﬂméﬁﬂisv‘iwiamaﬁwuﬂ’ﬂaﬂLﬁuwé’ﬂ JGIEE
ywedeminszana 1 U Sanmshuigtiilaenssuinainisiisgaesnasnniiingyindonaai
vuinlanifu fanugndfesroutgiludisiianmeniening und uilurisiifinisasuresann
onfloaine liasnsovinnevienensaldrmilddunaniug Wun mavasuslasmunaeinie

AN1EATUANLSITIAAIINNIYNTDANUTHUAINYIIAN1E UTHIUuaEdIIaiilunn Aziinalvian

oY

[y o

sgAui I elianuLana19INAsEAuAns I TaliassAeudunn Auluielinisliusnisteya

oY

o

sgauivineg Ianugndedlndifesiuseduiiaianign Jaedinisfnwimiadiinaeinisusuud
ArsgivdvihuguazwImslunisiideyadinueinisusuinassauiinueanddmiunisde

1195111

[

2. dnguszasA

I =

2.1 WaniAdnuan1sUSULAA1SEAULNYINUNsUSIURIe 1M eIy 2 @andl Aeanndidn

v [%
[y [y o

SLAVUIDNMEARRULALADIRINTEAVUNIAIVAT WA USIURINZLADUAITUIIUIY 1 @071 ARADINIA

LY o 1

S¥AULNEMVIVATY

3

2.2 wefnwwuimslunisideyadinuminisusunnamssavdniwenlddmiunisdennun

3. enasuazauIdeiiieades

31 melasgikasyiuneintu - tias Bersludaduismahuisanugavesseduh Tngld
amqﬁgmdﬁzé’uﬁﬂﬁaﬁmaai’miéf flo naTuvesszAUTEonY S1unuan Fesesuidenurasinayd
AmuLenUAALazaTiunn1eiy nanAemunsuaussiedvENanInTIMansIiTuanUe LT
filRAnTuthas Inefirnuduiusiusundsduiusseninglan - mefund uazansending uay
LewUdgn videmuglaeiade uaziwa vonanseninsdvEnamsasimans iushuaiensdatunan
iiufufivesseduihgeeiug Tnsueuagauasavassyiuidesusaziaedanansluudoiuai
ﬁqﬁ?umimmuauﬂﬁgm Lazid vessEiugdos o Fuafilae Faan1snsnsaainssiuindusses

nawu eieuduaiuresssauiiges [1] YagUulddunuszauuigasnainin 400 A1 wisEeu

Wgoenandnsnd 1 iuszauihgesiifiidvinaunign

A1519% 1 SEPutngagunan [2]

o o % o u . o U0
YDUDITEAUUNEDY AR AU (F139) Y e
(W3gumegunu M2)
Principal Lunar M2 12.42 1.00
Principal Solar S2 12.00 0.466
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AUSTRALIA, TORRES STRAIT - GOODS ISLAND

LAT 10° 34" LONG 142° 09"
TAZ ZONE -1
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UARY FEBRUARY MARCH APRIL
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e 2 wm ™ FR TH 1151 35 FR 1122 36 SU 1605 25 MO 1452 26
20186 1.1 1924 10 2R 18 217 15
1307 38 1228 37 1322 35 1315 38 018 28
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e 21
2z 38 1338 38 ou3 11 0050 1.1 2% 13 0820
4 1FR9 4 & b 'Lg wie o 4 om 3 1985 32 4 o3 19% 2
0544 U 1430 27 MO 1605 30 WE 1427 15 TH 1048 29
22 31 73 33 O 1645 28 @ 1954 26
= 060 07 0028 1
5048 97 209 13 5 2@ 1 2098 12 5 U i 202° 1 5 U8 3 20%m
2 S W VE N LR E VY LS L 208y
84 30 27 32 1811 28 175 30 2047 28 30
B B N 21% 2 6 % ¥ 218 2 6 4% 1 2128 i 6 =r 21y u
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333 wmrnilundsde Admiralty flddmiumaiiudeanaiidarhlnedinaugnnaians
Ussinaangenandng uaninmstuasesseauinunaivenirdugs (High Water) uazthasin (Low
Water) aigevassziuiniaanAsedutinassgamamsnmans (Lowest Astronomical Tide: LAT)
swfiduaniafuanuamandeuvosssduivhuneiifinasain amunneinia ArmiEau
qu«%’mﬁja (Storm Surge) Aufifiasanaruiiurasii (Shallow Water Corrections) kagn1siUdsuutas

ANLGANIATEITZAULLRAY (Seasonal Changes in Mean Level) Inafinsfimvuaduiiduseifiounes

wsiagsuan [6] Aa3UR 3 uwag 4

KALIMANTAN — KAMPUNGBARU
LAT 3°25'S LONG 116°01E
TIMES AND HEIGHTS OF HIGH AND LOW WATERS YEAR 2017
OCTOBER NOVEMBER DECEMBER

ng; m9 Time m Tme m Time m Time m Tme m
1 0535 1.9 0517 1.9 0504 1.9 0454 1.8 0016 1.4
1333 1.1 16 1251 10 - 1204 07 16 1152 0.6 1144 05 16 0448 1.8
SU 1827 13 M 1832 ,1.4 W 1824 18 TH 1833 19 F 1841 21  SA 1140 04
2250 1.1 2303 +1.2 2344 11 2359 1.2 1847 22
0552 2.0 0534 20 0533 20 0524 20 0015 1.3 0032 13
1240 1.0 1 7 1220 09 1208 06 1 1201 04 0518 1.9 17 0516 1.8
M 1800 15 TU 1813 16 TH 1834 20 F 1844 21  SA 1158 03 SU 1157 03
2320 1.0 2332 1.0 1853 23 1900 24
0557 2.1 0544 2.1 0009 1.0 0022 1.1 0037 1.2 0051 1.2
1228 09 18 1217 0.7 0551 24 18 0544 20 0541 20 18 0542 19
TU 1809 1.7 w1822 19 F 1220 04 SA 1217 03 SU 1216 0.2 M 1217 041
2347 08 2358 09 1850 22 ® 1901 23 O 1910 24 ® 1917 25
0609 22 0600 2.2 0034 1.0 0046 1.1 0059 1.1 o111 1.1
1232 07 19 1225 05 0609 2.1 19 0605 2.1 0603 20 19 0606 2.0
W 1826 19 TH 1839 21 SA 1236 03 SU 1235 0.1 M 1235 01  TU 1238 00
0 1911 23 1921 24 1930 25 19387 26
0012 07 0022 09 0058 09 0110 1.0 0122 1.1 0133 1.1
0624 23 20 0616 2.2 0628 22 20 0625 2.1 0625 2.0 20 0630 2.0
TH 1244 06 F 1239 04 SU 1255 0.1 M 1254 0.1 TU 1256 0.0 W 1300 0.0
1847 21 ® 1859 22 1933 24 1943 25 1951 26 1957 26
0037 07 0047 0.8 0121 09 0133 1.0 0145 1.1 0155 1.1
0640 23 21 0833 22 0647 22 21 0645 2.1 0647 20 2 0653 2.0
F 1259 04 SA 1256 03 M 1314 01  TU 1315 00 W 13177 00 TH 1321 00
O 1910 22 1922 23 1956 25 2005 25 2013 26 2018 26

g'ﬂﬁ 3 ynstiluidede Admiralty [6]
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Extract from ATT Part II.
TIME DIFFERENCES HEIGHT DIFFERENCES (IN METRES)

PLACE Lat Long HHW | LW MHHW MLHW MHLW MLLW

STANDARD HARBOUR ..... (see extract) » 1.6 A A 0.4
N E
Secondary Harbour .......... 2 30 9030 +0106 = +0146 +05 A A +0.1
SEASONAL CHANGES IN MEAN LEVEL

No Jan1 Feb1 Mar 1 Apr1 May 1 June 1 July 1 Aug 1 Sep 1 Oct 1
STANDARD HARBOUR 0.0 0.0 0.1 0.0 0.0 +0.1 +0.1 =0.1 =0.2 -0.2
Secondary Harbour 0.0 +0.1 +0.1 +0.1 +0.1 +0.1 0.0 0.0 0.0 0.0

Notes: (i) The data used in this example do not refer to the year of these tables.

(ii) Where only one HW and one LW height differences is tabulated in Part II, both HW and LW
differences must be obtained by interpolation or extrapolation, using these values and the
heights at the Standard Port.

(iif) For instructivns on graphical interpolation of differences, see Example I on page xvii.

E‘U‘ﬁ 4 funlusieideu (Seasonal Changes in Mean Level) lumisdie Admiralty [6]
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A U
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o w ¢ o P o 3 o Y v = = Y v o a 4 N o
Lz NnAInuein1sUTuLARsEAULYIuenlaunldieUTe uis uiuseAulnasenaniin
sEAuUaivazy 209U W.A.2557 laAnadevenanisegludig (-6) - 44 wufiwns Andeauy

a a o N
HRIFIUNAT 5— 11 1 gUsLUNT ARNIT1NN 5

A5199 2 FANUNNISUSUBNANTEAUEYINUNEURIE T IR T AULNaIvan

PaHna | Funuel | 9080 | duneel | Tanan | @l | 9aan | fnee
(Mean) (Mean) (Mean) (Mean)
S1 -0.03 N1 0.03 11 0.01 126 0.06
S2 0.00 N2 0.01 12 0.02 127 0.09
S3 0.05 N3 0.14 13 0.05 128 0.10
sS4 0.06 N4 0.16 14 0.02 129 0.10
S5 0.08 N5 0.11 15 0.03 130 0.08
S6 0.02 N6 0.05 16 0.06 131 0.08
ST 0.04 N7 0.09 |7 0.06 132 0.09
S8 0.12 N8 0.08 I8 0.09 133 0.10
S9 0.10 N9 0.12 19 0.10 134 0.10
S10 0.09 N10 0.08 110 0.10 135 0.08
S11 0.10 N11 0.13 111 0.08 136 0.08
S12 0.10 N12 0.13 112 0.08 137 0.11
S13 0.07 N13 0.05 113 0.09 138 0.08
S14 0.06 N14 0.04 114 0.03 139 0.04
S15 -0.01 N15 0.06 115 0.10 140 0.06
S16 0.07 N16 0.10 116 0.08 141 0.08
S17 0.06 N17 0.11 117 0.08 142 0.17
S18 0.01 N18 0.07 118 0.11 143 0.12
S19 0.03 N19 0.06 119 0.08 144 0.11
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AN5199 2 SLNA9INISUSUBAANSEAUEYINUIgvesaaTinsEAuULNaIvan (69)

S20 0.08 N20 0.09 120 0.08 145 0.11
S21 0.05 N21 0.11 121 0.06 146 0.13
S22 0.06 N22 0.10 122 0.08 |47 0.13
S23 0.08 N23 0.09 123 0.17 148 0.13
S24 0.10 N24 0.15 124 0.12 149 0.11
S25 0.08 N25 0.07 125 0.11 150 0.04
m3eit 3 FnasinsUSundmssRuivihuevesaaniasysuidniiy
, Aanea , FaLneda , FaLnaal , FaLneua
U919 (ean) U998 ean) 2291980 (ean) 9291281 ean)
S1 0.04 N1 0.03 11 0.03 126 0.07
S2 0.10 N2 0.10 12 0.05 127 0.09
S3 0.12 N3 0.19 13 0.08 128 0.10
sS4 0.07 N4 0.13 |4 0.06 129 0.09
S5 0.07 N5 0.06 15 0.01 130 0.09
S6 0.05 N6 0.07 16 0.07 131 0.07
ST 0.05 N7 0.08 |7 0.07 132 0.08
S8 0.13 N8 0.09 I8 0.09 133 0.08
S9 0.05 N9 0.08 19 0.10 134 0.06
S10 0.04 N10 0.04 110 0.09 135 0.04
S11 0.06 N11 0.09 111 0.09 136 0.04
S12 0.05 N12 0.05 112 0.07 137 0.05
S13 0.05 N13 0.06 113 0.08 138 0.05
S14 0.03 N14 0.04 114 0.02 139 0.03
S15 0.12 N15 0.12 115 0.06 140 0.07
S16 0.10 N16 0.13 116 0.04 141 0.10
S17 0.03 N17 0.07 117 0.04 142 0.14
S18 0.04 N18 0.09 118 0.05 143 0.08
S19 0.05 N19 0.08 119 0.05 144 0.10
S20 0.07 N20 0.11 120 0.05 145 0.04
S21 0.04 N21 0.07 121 0.07 146 0.06
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AN5199 3 HLN9INISUSUBAANTEAUEYINUNEYRIETInsEAULNdRAY (D)

S22 0.04 N22 0.09 122 0.10 a7 0.05
523 0.06 N23 0.08 123 0.14 148 0.05
524 0.05 N24 0.07 124 0.08 149 0.04
525 0.03 N25 0.01 125 0.10 150 0.04
as1eft 4 Funaeimsuuuiessduiviiuneresanidaseduiuass
, FIaLneud , FIaLnau , FraLneud , FraLnau
taam | | | e
S1 0.10 N1 0.09 11 0.10 126 0.10
S2 0.09 N2 0.06 12 0.16 127 0.08
S3 0.05 N3 0.06 13 0.13 128 0.07
S4 0.08 N4 0.07 14 0.13 129 0.10
S5 0.12 N5 0.12 15 0.13 130 0.07
S6 0.13 N6 0.16 16 0.11 131 0.05
ST 0.07 N7 0.11 17 0.10 132 0.11
S8 0.07 N8 0.09 18 0.08 133 0.04
S9 0.06 N9 0.03 19 0.07 134 0.05
S10 0.01 N10 0.08 110 0.10 135 0.05
S11 0.07 N11 0.08 111 0.07 136 0.00
512 0.10 N12 0.10 112 0.05 137 0.01
S13 0.11 N13 0.05 113 0.11 138 0.07
S14 0.18 N14 0.15 114 0.03 139 0.02
S15 0.07 N15 0.08 115 0.05 140 0.08
S16 0.09 N16 0.08 116 0.05 141 0.06
S17 0.11 N17 0.11 117 0.00 142 0.04
S18 0.17 N18 0.14 118 0.01 143 0.08
S19 0.12 N19 0.13 119 0.07 144 0.12
520 0.10 N20 0.06 120 0.08 145 0.11
521 0.04 N21 0.10 121 0.08 146 0.11
S22 0.05 N22 0.04 122 0.06 a7 0.12
523 0.05 N23 0.09 123 0.04 148 0.11
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as1ef 4 Funaeinsuuuiemsedutviunevesenifasesuiivuasa (de)
524 0.09 N24 0.09 124 0.08 149 0.09
525 0.08 N25 0.08 125 0.12 150 0.05

dl o w 6 [ Y 1 U g ] d' 1% k4 d‘ bt I LY Y goj a d‘ o
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SEAUENE1IIUALY Vel W.A.2557

NARNISEAULNRSY - YIYINUe (Residual Levels)

anfiinsyauihenvivasy Usednt w.e.2557

wou | swoudalue | Swoudeya | Swoudouafivin | MEAN | SD | MAX | MIN
.. 744 744 0.00 0.01 0.09 032 | -0.24
L. 672 672 0.00 -0.01 0.05 0.12 | -0.20
1.0 744 744 0.00 -0.06 0.11 0.62 | -0.66
b8 720 720 0.00 0.03 0.08 0.33 | -0.17
W.A. 744 744 0.00 0.44 0.07 0.64 0.10
8. 720 720 0.00 0.42 0.07 0.67 0.26
n.A. 744 744 0.00 0.44 0.08 0.66 0.19
d.a. 744 744 0.00 0.35 0.07 0.65 0.17
n.8. 720 720 0.00 0.29 0.07 0.53 0.12
f.A. 744 744 0.00 0.38 0.09 0.68 0.15
N.8. 720 720 0.00 0.44 0.06 0.61 0.28
9.A. 744 744 0.00 0.43 0.07 0.97 0.21
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Abstract

The objective of this research is to scrutinize the coverage area of each aircraft type and
aircraft allocation of The Royal Thai Air Force for responding search and rescue missions. The
simulation built by MATLAB is the tool for analysis. For gathering data, the rule-based algorithm
simulates flow of the aircraft task at each time step.

The simulation begins by evaluating the parameters of the simulation scenario according
to the Search and Rescue manual of the International Civil Aviation Organization and the Royal
Thai Air Force regulations. Assumed conditions for the lost aircraft, weight would be lightweight
and size would be as small as point for all cases. The allocation area for searching is as
Probability of Containment (POC). The aircrafts regarding search missions are C130H, SAAB 340,
EC725, and BELL 412EP. Search and rescue capability of aircraft would be analyzed by distance,
area and time relatively. The coverage area capability of aircraft would be the comparison
between area covered by aircraft and a probability of containment (POC). Classifications of
aircraft search capability would base on analyzed and scrutinized results. Regarding search
capability, allocation and deployment aircrafts in suitable air force bases would cover land area
and better suit the Royal Thai Air Force's purpose.

This research is the first crucial step for understanding Air Force capability in quick
response to search and rescue missions. It also provides a crystal idea about available aircraft

management among air force bases.
Keywords: Search and Rescue (SAR), Probability Map, Probability of Containment (POC)

1. umin
nsAumarIsmdeaInIAsuUszaudelunsaitunisiielimutiewiounynaanay
nindauinmamneglusunsie uazdulunisainanuiuladuguszneunisiveiniailiuinisvuds
AlABaNvITuIAEnwazTUIAAY WSouInsaudsdud sauluiseinimeiuduyanafiviinisdu
TuonawnUszmalve mnifansdionniAeIuUssaude BIUNINIASTLAZIONTUNINYITDIDE
o a Al A ! < ' LY a wvay v ' = a a
Aiunsliewdestmiadwarysannsniulunsujiilaegeivssdnsam Tneusemelny
ldnRsaudUsranuanunisaumuasdiemaeainiAeulseausie (Aeronautical Rescue Coordination
Center 30 ARCC) Juriunsensuanuiay WugSuRnve uusiIun1sAunILasYI8LioeIn1AeIu
Uszausevosseinelng anunsasusdsmnlanaen 24 9Ilu9 LagdanusoNeumrIeniIeaIunIAsy
o ¢ & ! Y | = o
wazlenTuNNyYAaInTLazgunTal LuMUlIgAUnILazYIgnaneInIAuIuUTzaune (Search and

Rescue Unit %138 SRU) Wiavinn1saumLasiieana n1de1ulseaunusa by
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AULHUNTISAUMLAETIEWMAR N AE U STAUABWATA [1] Avualiaudussaiuauaum
LAETIEMARDINAEIUUSEAUNY FABINITALIINIINIEAUNILa YIBRRIN A WU AUAY
Feaglndyaniinmnlszausivanniign sansinsananunioulunmsujifauveadminuazinios

a v (3 o w Y & Y o 1% 1 A (Y :.}ldydl Y a va Yo A
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Faneerinainialunidsluniigduninazdioimdoainiaeulssaudsvesuseinealneg [2] N3
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21MAgULAzYARINTIdIneg A mauudusng 9 eaiuayuumumMsAumLazILmaeaINAey

Uszauny

2. dnguszasd

2.1 iiofesenidnauaninsalufuszezu fiRnisveserniaeiunasinetnis lunisdudum
pmAuTIALENATeUARuLTImsUnIisufunaTlunsURTRnsAe

2.2 MAAeTIERlanNansaudnassnine1nslunisiidminauntuaig 9 veseiniAeIl

nasine A inseumquitunniaunvesseimnelng

3. Lenasuazauideiiieades

nsfumuardiimiea mesusraussresnosinerniatiy asdessuiunsnuannsg
wazng sz luure98aAnINIsTunasouseniaUsema (International Civil Aviation Organization) [5]
wagsuseilgunaeineInMaImen1sufuanistu w.a.2561 vesnasineine [2] laensAuninas
PeFinUsznevlufenuassdiundn q Afe nsfumaznstiemds TagnsdumaziFuanms
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wanaeg T mEIndY 3 Sunsnluud (6] wduldihmsfumiasdimdodieldnanfisnnty
uuilalenialumssendinvesiussaufoazantosawmulumity

Tnengsziioureisdaninsiunasauseninelseme (Intemational Civil Aviation Organization) [5]
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Cooper et al. (2003) [7] lfeduneiiufndsnsazidonvastunounsduniuaztiedin way
nud wurdn MihunlflunseiausunsdunuassisTismaunliogasidon 1ng Robe & Frost
(2002) [8] I ueiinfnludIuvIn1sAIuINI ST NI ALAE NN IELILYBIBIN ALY (Sweep

Width) Tuwsazhunduiu Aulaegalsuazdaglridseansnnazlaszazninainle
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FupeuresmsuiiRnsivfumuaztae®in Teliunmdunmsufinmshslitussavs nmuaz Uaensie

Agbissoh OTOTE et al. (2019) [11] laatiiun15398lngn15a3 19 UUTa09N N ALAFNEN ST
Fususiazin anduldidusiaumsmaitusiensiassiidiuas Ingldiauowuninuas
Fanedfiuwuulmilunshesgiifiomuinmeaiaiutiazfusuusg q Afnasenisfadumuay
P8 wu enaniduiasfienneeueglunsiazituiiuesmsdium (Probability of Containment (POC),
AuUzduveIn1sRa funnuanIme1u (Probability of Detection (POD)) wagAnauunvzify
Tunsuszauanudnianisiadumuazsiedin (Probability of Success (POS)) FeArAEUIzidy
waniazaatensinaulalunsnamumsiuuartieTin

Karatas et al. (2017) [12] lovin1suszgndldnszuiumadadunuudiuiuiy (integer Linear
Programming) Wagn15391a09 (Simulation) IN3LATIZAEAIUNITAINITAITAIAUM LA TN Tunany 9
sULUY Induliesginuunmeiinfian Tnenszuiunisaiuuuiiaendieinseaoiunisal
Tutlgsuildsueufonognann wseddunuiign asnsoaseusnudululd Ivanranesuuuy

Tnglaifimnudss inlisunavsewmsnisaiifianudulUldiasiinvu

4. FFaniiunsing

midetuiaeduiunisadauuusiaes (Simulation) wagl¥sanedfiudifingiduiugu (Rule
Based Algorithm) [3] Tnerwiundidleifngsfmgmenetuniuga annumsaiduegndls edauds
A9 9 Aoexls LaINTEUIUNITAUNILAETIBTIAUAz I IAREWREls HTadialatng munguas
UIMITFIUMTUHURNIAR

wuuaesiasgnileulusunsuiiotias s iiuuies neldniw MATLAB (4] Fuduniwid

= o w v N

Iosuanuiletegnsgelumadngremansuarieinssuaans mseliyamdidoyaiasuiiuiasaunse
o a v Y ! =] a
AsiunsRulaT NI Python wisen1w C Tuvaty  ndl
7 o & £ < a = o (J £

nuuwuuaeil aglivegeunnudululdlunsdlsing 9 dsgvihnisdrasinsldenniaeu
nasvineINIALUUAN 9 Uszneulumae C-130H, SAAB 340B, EC725 uag BELL 412EP lneilsngazidun
Y2InEUINIITU 2 du Ap 1) TuABUNITAUMILAEYIBTIN LaE 2) TUABUNITTIADANANITAIAUN
LI

4.1 YUABUNSAUMILAZTIBTIN

N 4 AU A .
FI89UN5LAR 21N1AYUNEIUTO & . AnduNITAUMILaY
o e om ¥ 4 AUANIS NUNITAUI oan
guURLwn UjuRnsludui . FILYIN
AUV

UM 1 TuppumsujiRnisianumdiedin
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Tunszvrumsumuastaeiinvesnasinenaiu aGudunszuiunindelsiuudeneny
n19.AaguRvg s18azidennisiinivg wazdiunisgarineveseiniaeuiiuszauing antu
Tunszurumsdely Aensmsaaevoimasuiianunsaldlduazegluszezy foanmsaniiing g
Fanowmenia fiesesduiiansaviinisiadumils 4 aie fe C-130H, SAAB 340B, EC725 uay
BELL 412EP Imsaﬁ’ﬂmummﬂmuﬁﬁa&ﬁa C-130H 31u7u 1 81, SAAB 340B 91u3u 1 a1, EC725
$1u7U 6 &1 wag BELL 412EP d1uau 3 &1 Tuussanennime umail C-130H wag SAAB 3408 LTy
oA unassiigosnisldaundulunistuas Sdlianunsaviasfalunisdiemietndufivszay
pofwmlunfvsanald fdunshdlumstemiedsanunsorldifisudisineumesuun EC725 uay
BELL 412EP wintiy

Fsormasuwiia C-130H uaz SAAB 3408 dnuflazdosuszdnsed aunnduneuidesuay
ammﬁuqswgﬁmﬁmuﬁﬁuwhﬁ’ju iesndedrameiudaueinmaiu msRafildfuteunane
wagnsaeindatnge dauenimeusialnvsu EC725 uay BELL 412EP Huanunsondaiudsuly
Uszdnsldmnaumdu Tngnesimemadiduivgdosiansannisnnsidusagdaalinungay
uazasuAULTMsUNTesUsEmAlneanian Tneauuduvia 13 wis A 1) aoudies 2) g3un it
3) Wuslvd 4) anssdl 5) wadlan 6) m1Ad 7) guasiysd 8) 1asy 9) lannsewien 10) Aunaueau

11) Jaunuas 12) Uszaaudstus 13) wialvg augud 2

Airbase locations, Pts=215508

o Y] bR =
7 --;;\ i { P
? abcan LY

96 98 100 102 104 106 108
Longitude

5UN 2 duwniafifsvesauuduniiviligvesnaarinenimnieg
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IPgaNTIOULTRLINIAYIWNG 4 Luutuuane1eiull Fwnsen 1 wansdannuaunsalunisiy
WeUujuRnnsia Uszneulume 1) anudilunmsduiunie 2) mnusilunistudum 3) szezian
lun1studfianisiala was 4) ssegnadldlunsifuemdwaziwsoumnunianlunisuiininis
lusausialy Tunnsnsilsseziian (Endurance) Wuaggnanasly 45 unit dmsueniAeiulngsa uay

A o o = = @ "y a wa a = P
30 Wil dwisuoimaenudnuu snusuileunasinenadwiensufiRnisdu [2] svyliin emagu

Roalielnded15e (Fuel Reserve) Wiedaafunsalaniauy

A15719% 1 aussauzuesenide Ui tuiunldlun1siarumlas sgwmaee N AeIuUsTEUNY

Airspeed (Knots) Endurance o
A/C Type B Turnaround Time (43l3149)
Navigation Search (@)
EC725 150 90 3.0 0.58
BELL 412EP 120 80 1.5 0.5
C-130H 290 120 6.75 0.66
SAAB 340B 240 120 3.25 0.25

Tutumeustely Aemsdmnaiiuil fidesinstuiensfumuazdiedin Taelumuideduil
lﬁéﬂﬁmuﬁgﬂ‘Uﬂﬁ%’aﬂﬂﬁLﬁﬂ’qiﬁm&lL‘ﬁusﬁﬁﬂLL‘U‘U‘\QW (Datum Point) va18AUI1 NIIURARFATINY
Tn&funafngtfiog [5, 11] Ssemanuiilszavgifvmuesnesimoiniednlvyasdiluguuuod
Ms1zeInAgLnsEnaziinsAna s umismasaan vilidnvaraudululsvesiumis
mmﬂmuuuﬁyuﬁm'mu"m:ﬁLﬁugﬂizéﬁameaﬂammmgm (Standard Normal Distributions (Bell Curve))
(51 Tugudl 3(n) Tagesdnsnstunaeussninsusemaldduuaylilduinsgunisinissniny

Wandunuy 12x12 Tnefiivefdudruiiandu (Probability of Containment) [5] AMuaN5 971 3(2)

0.00%| 0.00% | 0.00%| 0.01% | 0.02% 0.03% | 0.03% | 0.02% | 0.01% | 0.00% | 0.00% | 0.00%

Probability of Detection Map
0.00%| 0.01% | 0.02% | 0.06%)| 0.12% | 0.17% | 0.17% | 0.12% | 0.06% | 0.02% | 0.01% | 0.00%

0.00%] 0.02% | 0.09% | 0.24% | 0.47% 0.65% | 0.65% | 0.47% | 0.24% | 0.09% | 0.02% | 0.00%

0.01% | 0.06% | 0.24% | 0.65% | 1.28% | 1.79% | 1.79% | 1.28% | 0.65% | 0.24% | 0.06% | 0.01%

s 0.02%] 0.12% | 0.47% | 1.28% 2.5/1%/ 3.52% | 3.52% 261% 1.28% | 0.47% | 0.12% | 0.02%
.

7 \
0.03% | 0.17% | 0.65%| 1.79% |3.52%| 4.93% | 4.93% 3.52%) 1.79% | 0.65% | 0.17% | 0.03%

0.03%] 0.17% | 0.65%| 1.79% \‘352% 4.93% | 4.93% 3.52”/(/)/ 1.79% | 0.65% | 0.17% | 0.03%
N

N g
0.02%| 0.12% | 0.47% 1.28% | 2.51% | 3.52% | 3.52% | 2.51% | 1.28% | 0.47% | 0.12% | 0.02%

0.01% | 0.06% | 0.24% | 0.65%| 1.28% | 1.79% | 1.79% | 1.28% | 0.65% | 0.24% | 0.06% | 0.01%

0.00% 0.02% | 0.09%| 0.24%| 0.47%| 0.65% | 0.65% | 0.47% | 0.24% | 0.09% | 0.02% | 0.00%

10 . » R S S, JEmrC - .' —" 0.00%] 0.01% | 0.02%| 0.06%| 0.12% | 0.17% | 0.17% | 0.12% | 0.06% | 0.02% | 0.01% | 0.00%

6 . " S o i 8 0.00%| 0.00% | 0.00% | 0.01% | 0.02% 0.03% | 0.03% | 0.02% | 0.01% | 0.00% | 0.00% | 0.00%

2
- 2
Latitude [ Longitude y
(12 x 12)

(n) (¥)

JUT 3 MInseanesavesdn POC vuwkuiintasduwuugauaziuiaimedugusu 12 x 12 [5]
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sUN 4 Sailvesunauniesd1@in NEuduiasiiomeeuiiussauaUame

aglunuiilognuueu [5]

< ! < i 7 [ a a = A a

nUumTANNERBulugun 3(v) du 2wgnlUITIUULATINEDNIAZE FIUUINTDIUNENRTY
WU A2AIAIUINIINAILUIVOI0INAEIUNUTEaURURMALAEDINIALIUNTINITAUNT Tneay
o a o v A 49) dl V 1 aa d‘ a ! d! 1%
anfunisAuinsaiivesiundumiardeTin (Ry) Tusui 4 denou 3991011053 1UNSAUNILAE
| Aa o ET A a = wa 9 X Adv | | a
METINTTELV0 Ry [5] MTunsBuduInaviionnaeuiuszavgiivmegluiiuiisumegauuusufe
Seey R, NHANgwiniunasinveannululdnagiinnnuianainvessiuraiuinisun (E) e

R, = E Wuies lneardauds E 4 dawvindu

E=VXTFY?

I8N X A AUEANAIAYBINITTEYALNULSUAUYBIDINIALIUNABINITAUNT Lae Y fo
ANURANAINVBINITTEUMMUIDNAE ULl UNTAUM
1na1slugiienisAunkazdiedinveesdAnsnisiunalsauseninesena [5] Avun
ALY A1AIINAINRANAIATEINTTIEUATLMNULLSUAUYDIDINIABIUTRBINITAUN X=15
dmsunsdlaURmseniAeuIwInENkUUrLes oseudueINAEUNABINITAUM wazALRANAR
- = 1% < & ¢
wnaaiiasnenanldlunisdunilueiniAeiukuvaasasoeud Y=10

Y X o g ud Ao A Ao & v o a 1% | Aa = Y
‘U']ﬂﬂ'wnLLﬂiLMaWUWWIWWUWﬁL‘VTaEJ@J‘VW']L'Uu@']'fN@']LU‘Uﬂqiﬂu%qLLagsﬁrJﬂsﬁ'}m@’]ﬂ@N@ﬂqiﬂu‘ﬁq

o
v A

WALYILTINVBIBIANTAISTUNALS BUTTNINAUSEWA [5] D19l

NUNAUMILAETI8TIn = (2R)? = 1,300 ns.luanzia

WeoR=E, X=15uaz Y =10

mﬂmm@'ﬁamiﬁumuazﬂdw%maqaqﬁﬂimiﬁuwaﬁamwdmszmwi [5] WaLIUITEUBY Robe &

Frost (2002) [8] AvualilunisaumaInIdenuuinantiivdntasnin 5,700 Alansy lneiividuydidy
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1nnin 5 ludngia wazldanugslunisudumegi 1,000 Wa azld szeznievesniniig (Sweep
width) Wi 1.5 ludngia

densunvazidunueagiivg enaguiflunmihnisia wazadudsin o Tlunsujdn
nsfauds dunewsiely Aenmindeyamartusnausuidunamstu Tasnusnsgunsdumuas
¥ [3] dmuimmmsaiinaudiuwianyneveseiniaetusgaitiuey (Pinpoint) JUkuUMTTY
Aumimngauiuenaguvdatnvguunndign Ae 2sasmsfumsUuUAIMAsuiues (Expanding
Square Search (SS)) [5, 11] LLasgﬂLmeiﬁuquﬁﬁé’ammsﬂﬂﬁﬁaaﬁummﬂmuﬂam‘%& Imaagmﬁ'mé’u
1992393 I USufim s Betesundsiifamuindufiasiioinimeuegluusias fufives

NsAUMT (POC) innfianney wazvengaanianniagudnansludnuazsUamaeunuey ausuin 5

6S

v

58| 35| S| datum |2S |4S |6S

A

gﬂﬁ 5 NaimiﬁumgﬂLLUU?%LM?%&JMW% (Expanding Square Search (SS)) [5, 11]

4.2 TURBUNTINABLMANITUAUMNITIETIN

. P . - - .
deyaanumsal ANtuNITTEUY FULUUTNADY L. .y

Y e e INUToNANAANY R p
NIAUNILEY TUsunsuLiie A01UNIIAIN v ATV

o . . N 1NN1531804

YN 18090 UNT WUy

5UN 6 TuRpUREULUUTIRDATDIATIEING
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FuneuveensrUILN1TIIa0s (Simulation) Hu ‘\]3Léllf\]'mﬁ’lL@W%@%ﬁ%@ﬂﬁﬂWUﬂﬁiﬂﬁuwﬂ
FeTinieeiliudhnnideing lneiineazideasad

- msfumiaiesduruintmiindesndn 5,700 Alany UszavgUiivg lagnsiudiunus
rowAnmndniu laedl POC ugui 3

- MAEeUTnANLAIN1T0lUAISAUNEI8LASEY 4 WU Ao C-130H, SAAB 340B, EC725 uay
BELL 412EP

- AR UTAANNATNSEIINTTIETINEIELASET 2 WUU Fe ECT25 wag BELL 412EP

- fosriavetonnidenuite 4 au ansedl 1 wagszeznineveinisng (Sweep Width) wiiiu
1.5 ludwzia

ldunAnlunsassuuTnaeuduAgI UM INUITEURS Agbissoh OTOTE et al. (2019) [11]
uaw Karatas et al. (2017) [12] tnerunisldsaneafiuiifingiiufiugiu (Rule Based Algorithm) [3]
Tnesnsdunsi@eulsunsusontun MATLAB [4] Tusazgasnaennideusinesls wazldiuiives
POC azauluvinla

Tunssraesnisuftfnisinlunisfumennimeiulsraudotu axsraosiaudenniaeudy
Mnavduitenideueiigs Tsumissndfineinasduiumimnvetetnidens s
dudunsuruiiedumidmnevesenasuiiuszaugdimg Tnglisasnsaumsuuuuaimasy
Auney (Expending Square Search (SS)) [5, 11] ﬁqé‘hashﬂugﬂﬁ 5 wazdetNafilianuuUIae
Tulusunsufideudulugud 7 mndudesinmasiuriinisdudumauasuszesnainisudumnuda
azshnsdunduauuduitenreuansidaiiodudemds Tnadlenduunauuduasiinsaunan
Gl,umitﬁm%amﬁmazm’%ammmw%auﬁg’jﬁamusaﬂm (Turnaround Time) 88N1NTTELLIANTTTY

Aum Tumn 9 a3 Mndundulvrinistudumadunisaameneunduawiudusely lngvingud

]
= = =

Segldaunsudumeaseunguituiinnunlunagioniaeuedlundaziuiivesnisdum (POC)
MUARIUA

Tutuneunsvageufmewuudtaesll ssiliauisaiudeyasia 9 91 enaeufianiunig
% = Yo a & A ' 1% @ A A i '
Aumuazedinlu ladiunisaseuaguituiildvilawaglnainundunaeiionniagueglundas
Hunvean1sAun (POC) luinlauas lukdazdisian vilarunsadrdnunardluimseiniida

ANaEsatunsUfuRnsAafumLastIsTInveIneineIniFwazn1sAsoURquvuilasialy
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FUTYUUNGLTDANUINYIANENTIA

¥

&

=

1

158153971075
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'
a

'
al

U 7

(Expanding Square Search (SS))

AVRUNUVIBY

AUFULUY

YILUUMNITAS

Y

HIDE19NISAUNIT

Y

Tnewduiiudifidrsivluudalugiana (Time Step) 7 1, 3, 7, 17,

1
==

NBUUINADINNRILITULN

(5, 11]

[y

31 way 100 MNARU

5. Wan1sAnN®E

ANIIN AR

anunsanilanl

(9
v

(%
Y

JUAa1sAAumdI8TIanna1Iutu 9

2

a

a va

21NN1591899n15U

ANDINANANNITOYIIAT

Avpunle

Y

gwuulunog

SYULNLUTAMINNANNITOVDIDINIALIULAR

=

A5y

'
a

NUNVBINITAUN

Tuwna

191n1A8IUDY

a
v
v

Juda

(Probability of Containment (POC)) kansluuAURUIFILAZLIANVBINTTY

UL UAIAIINUL

a

TagsUN 8 wansA1n15LU

Y

Y

YULNULUIUDU

<

a

HuRAsAaL

I

Y

IG]EJLLEJﬂLLﬁﬂQNa‘U@\‘]’e)’]ﬂ']ﬂfﬂuVIz\‘i 4 wuu Tusud 8(n) C130H, 8(u) SAAB-340, 8(a) EC725 iay 8(4)

199AAUINA1INTS

POC siotaan 1l

=
JYULNYU

=

U
5y 100 luaneia wa

WNULAASHANITS

o %
dUun

&Ly
U LU

4 sUgpy

714

BELL 412EP lnelu

Y

9

50 Ly

WuAed@msu 150 luansia

¥
[y
Y

Y48 @IULEUALAS @

13

an

a

o9

AUNINNAINGIUTU

¥

Probabiity of Continment Profile for 1 units of SAAB-340

—
— i
— 1 N

g 8 8 ® ¢ 8B % 8 &8 @2

o) wbunsmuag o Gegegoeg

Probability of Containment Profile for 1 units of C-130H

(36) wewuEoD Jo ANqEgoid

Ti

Time (Hrs)

(n)

(v)
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Prabakility of Prodie for 1 wnits of EC-725 . Probabiity of Containmant Profile for 1 units of BELL-412

..-
S
¢ (%)
a2

ot (W)
e

Prstabdty of Conta
-
&
Prabiblity of Costa

Tirne fHrs) Tierss ey

(@) (9)

Ul 8 mauifisumeuinduivzileniaeusglunsdas iuiivesnnsdum (Probability of
Containment (POC)) flarnreuusiaziuunsounguldluusastianan fveinireIuwuy (n)
C130H, (v) SAAB-340, (A) EC725 Wag (3) BELL 412EP

N3UT 8(n) azuiuledn C-130H 1w ManlunisufuRnisiadum fssez 50, 100 waz 150
ludnzialdisavign Weaaneiniaeuwuy C-130H fenuslunistudundudadmnensdenis
v Y g a ad a ] o A v Y = 1o ® v LY
Aumlaegnerimss anveliwainduiisanelunisaniunisaunlasgiuiisme ludndudesnduin
Wa@oindaauasensng dauluguil 8() 81 1Ae LYY SAAB 340B auisadunsoungy
A POC leiognagiasania 3 svagdfiRnisauldian POC agfisewing 80-90% Faspandunifntoinas
waInauluaniun1sAunsasunsenatunsaungual POC baliu 90% eanuszesUuinisuwan
Fadeenduniuamadnass dalugud () onasuiuy EC725 Sndudaandunfiuiomas
U98N1191N1AUTN@DILUUTINaINMEY watsagslsimunausaufifaisialadusaudazldiaa
fe17u1und wazlugun 8(1) a1nmeIuluy BELL 412EP lalanunsaujifnisiafunidiedinlen
szey 100 wa 150 ludnzia mszdleluluudiaslivdedemdaiisinefingsujuiRnisnadedndusies
Tunavauniu Asdudsaunsadjifinisfalaiiesasses 50 lanzanazdndudesdunduuia
& a & a wva a Yo &

WanAwmaneassdeanunsauiansialadisa

TudusauselUidunsiinszidinninuaiuisalunisaseunguiiuiivesn1s U uRnisadum

! Aa 1 o 1 o o g ! a o £ a 61 '
waretinanninensidiey nglutuneuidnluegnBanasdeinsginoniAeuuiashuue
anunsaufuRnisialalnawalruangiuduivsednisegluiaiidnda ndeyaves Civil Aerospace
Medical Institute [13] wudmngUszaudelasumstismaessnainanine1nianaiiensedunsie
lanelu 3 9ilus azillenasentingaminlasunistiemastinitilleniasentinizanatod1auin
LarInTeyadnuIdeves Husain et al, (2020) [14] nuinguszaudenlasuuinidu (1lean Injury

[%
LK)

Severity Score (ISS) 11nn1 50) AzidedIavmnlasumugIewmaedinit 6 Tiluanauiame faty
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Fodianailunsuifnisian 3 Hiluuay 6 Falus ferndugeddglunsieszidamiuaiunse

lun1sufusnnsfiamsiuAumeasauaguNuNNmvue

[ '
v

Tnenstssifiuiaeuannsaluadsdasvsaduilunadisiiaie 3 Faluuay 6 Falusdy
frornAgudosnisivs Tudumaseunqu POC=79.86% azanunsaufifnisiavisninauiududids
ilnaifiesla nsiwune POC=79.86% Wlulumuunnsgiunsuiifenudumuasiedin fides
asouaquitLAiTidusUdndsudmiunisdumuuudindsudunos (Expending Square Search (SS))
5, 11] #flanusiagiuvuudulunansudu T,@sJﬁwﬂiaUﬂqmﬁyuﬁﬁﬁmmmm%L‘TJuLﬁu 0.5% @
9 gsrehlammslilinun fuansietiuiiduadusud o Inefuiiuonassileniafienniasuoglu

1 1 1 [ & a R < [ a wva %
LAREABIVDIAITNANUUILLTUUUNDINUBDHUNN I@‘EJL‘LJ“IJVL‘Uﬁ]']iJ‘ViﬁﬂUg‘UVWJ@Qﬂ@QVIW@’]ﬂ’]ﬂ [2]

0.00%] 0.00% | 0.00%| 0.01% | 0.02%| 0.03% | 0.03% | 0.02% ] 0.01% | 0.00% | 0.00% | 0.00%

0.00%] 0.01% | 0.02% | 0.06%] 0.12% | 0.17% | 0.17% | 0.12% | 0.06% | 0.02% | 0.01% | 0.00%

0.00% | 0.02% | 0.09%| 0.243%| 0.47% 0.65% | 0.65% | 0.47% | 0.24% | 0.09% 0.02% | 0.00%

0.015% | 0.06% | 0.24% | 0.65%] 1.28% ] 1.79% | 1.79% | 1.28% | 0.65% | 0.24% | 0.06% |0 1%

0.02% | 0.12% | D.47%| 1.28% 2.51!{ 3.52% | 3.52% 2.6196 1.28% | 0.47% | 0.12% | 0.02%

J \
0.03% | 0.17% | 0.65% | 1.79% |'3.529¢] 4.93% | 4.93% 3.52304 1.79% | 0.65% | 0.17% | 0.03%

0.03%) 0.17% | 0.65% | 1.79% [\3.52%| 4.93% | 4.93% 3.521? 1.79% | 0.65% | 0.17% | 0.03%
3

’,
0.02% | 0.12% | 0.4736| 1.28% 231& 3.529% | 3.529%| 2.51% | 1.28% | 0.47% | 0.12% | 0.02%

= -

0.01% | 0.06% | 0.24%| 0.65%] 1.28%| 1.79% | 1.79% | 1.28% | 0.65% | 0.24% | 0.06% |0.01%

0.00% | 0.02% | 0.09%| 0.24%| 0.47% | 0.65% | 0.65% | 0.47% | 0.24% | 0.09%6 | 0.02% | 0.00%
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Abstract

Presently, there are many forms of agricultural cultivation, but an important factor in
agricultural cultivation is the watering of various vegetables. Traditional watering either manual
or sprinkler system without control causing the uneven watering makes area flood and
vegetables receive water more than necessary. The researchers therefore design an automatic
watering system for vegetable plots through soil moisture sensors. The automatic watering
system transmits the data, soil moisture, back to the receiver using a microcontroller (Arduino
board) to control the watering system. There are 2 simulated planting plots for collecting and
analyzing data. The measurement value is then sent through a wired communication module
to the microcontroller for processing whether water should be supplied or not. By passing the
conditions of 70% humidity to control the water supply system for watering, if the humidity is
below 70%, the system will supply water automatically to the vegetable plot. And, when the
humidity is more than 70%, the system will stop supplying water. The measured moisture value
will be sent to the SD card module for analyzing. The test results show that the built system is
able to control soil moisture the best at 69.99% with an error of 0.000948% and a standard
deviation of 1.04.

Keywords: Microcontroller, SD Card Module, Automated Control Systems, Smart Farm
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Abstract

The objectives of this research are 1) to create knowledge and technology for
developing point detonating quick/delay fuze of Mortar 2) to develop and produce point
detonating quick/delay fuze of Mortar 3) a guideline for producing point detonating quick/delay
fuze of Mortar. The features and capabilities of point detonating quick/delay fuze of Mortar
would be qualified military standards and to be brought into the production line. In this
research, reverse engineering is method for analyzing technical data and other information.
There are two main related mechanical parts. The function of the first part is for safety and the
second part is for detonator when impacting the target and leading to various defects from the
feasibility study in the past to improve. The development focuses on mechanical components
to be able to work efficiently and accurately. Regarding the various parts of the mechanical
mechanism relatively small, the high accuracy and precision machine is very important for
determine production process of various parts. The fuzes are made domestically In addition, it
has developed explosive convoys with explosive power suitable for various type of mortar.
From the research, knowledge is to enable the personnel of Weapon Production Centre,
Defence Industry and Energy centre to produce point detonating quick/delay fuze of Mortar.

The result reveals that the fuze performs well accounting for 97 percent of success.
Keywords: Fuze, Mortar Fuze, Point Detonating Fuze, Point Detonating Quick Delay Fuze of Mortar.
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1 1 [

naundLunssIuazdse nuingsuilaUssiavAusulnenisidend Wy Lead Styphnate [12]

q
£

Ann13ndiay UAsenaiiiinduaslaluguvesssiunasanuseudsdelumuvuiunisingsedn
BuugnUu ae./A. Mldmumavimvednedlvegiluiuunsenuuanly 633981 5u PD DM 111 A5 [13]
3.2 gadsdvyulrugnlu ag./A. PD DM 111 A5 Usenaunieyailsiedaniy (Pulse Safety) uay

v . Y v a o v [ a v v = [ Y A= & v 4 ~
aanilssy (Safety Pin) sadnisivazdnegluyailsiedone Favvihmig Bndendilsines (Rotor) 7

1%
a A

Uy (Detonator) 8¢ 2 A wazduimthnlesiuliilvdiudsznaunie 9 naneenandiunus
Mlswes vosruIulzgninionoswwiegluiunislasnds Jesiuruiunisyadvesingszidn
a A < .. . [ I [ 1 1 1 sl I ~ [

galunInudnduunsyuiy (Firing Pin) Sagninsegluduvisgdesinesdsinesdnme enonadn
fisfwosn uazllusadesneenduwnnimsewindu 650g WevhnsBgnlu yndwnelisdvazUanden
lswed vililsimesvyuadouitluegludumiwwivuiunisingszidanseuineu (Armed) asyuuil
szgnvinanalilignluedeuiininuindindesduszesannnit 40 wes vuawasdilindeuviau
UNIPNUUILNUTTEE 40 1NT ¥9AINUINEINGR YaraUasasievesruuiazUseiunulaonde
& ! a 3 = o 1Y )

Maluseninen1sussy N138e My waensindeudneudwny lnalulumuuinsgrunmegey MIL
STD 331C [14] wag MIL STD 1316C [15]

3.3 WINTFIUNIIUAEEU MIL STD 331C 1Jun1nsgIunanmsiinauenisnageukaz sy
Audaendiy ANNULTede wazUsvansainuestuiu wazdUsenau tnedwunvlianisnaaeuidy
6 NaY Fiell

3.3.1 NaY A MINAFBUANNVIUNIUABNITATEUNANNG (Mechanical Shock Test) Jums
NAFDUILIUIANIIAIUANNITNTZUVINLUUATIAEY WEouuUnszunng) Fadunisnageuanuiinnais

d‘ a g o 1 G v
19199 ANVUVULINNITVUAS UIDIUNITITITU
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332 ngu B MvadeuANUTUNSauazifiau (Vibration Test) lunsnageutualag
MINIMUANMTAUAITIouTIm LA LENNEYR LAZANNAILAIMUTIAAT AT uv Az auEs Ve
VUL NI

333 ngu C nMsnadeunuiunIuReanIngieine (Climatic Test) \unisvageumiuiu
Tnelsivuaudutaiuanwnfoniafigndalugaananiidimue

334 ngu D mMavedeuruUaendy Laseuniaunsvingu (Safety, Aming and Functioning
Test) lunsnadovaussauzaowwuIl 1wy anudasnaislunisszida (Explosive Safety) szaglunis
W3ouinU (Arming Distance) #38L3a1MTouyi U (Arming Time) waznan133aseLinven

335 ngu E MSVAFoUANFUMUNNSAMI99INIA (Aircraft Munition Test) iunsnaaeud
AET09TUNI VLN INATEIYUILTINTNTLUNN WATNNTSULIITBN9BL ARt uaizTn s TuTy
Lazvalzynsasaen i iRveionaziinanieiosdu vieanmsloulngianun

33.6 nau F nsnageurnusumunelii uazdvsnaveusivan (Electric and Magnetic
Test) Wun1snaaeuauduniusdelnfinade (ESD) aduutdivdnladn EMR) uagaduusiivan
Inliusaga (EMP) was wazluanmdus fiieades

3.4 1193914 MIL STD 1316C Wuanasgmummannsiisavintuiiielfidunasianudasadelunis
penuUUTLIY guUAsaldmiuanuUanndy waznisndouinauvestuau dudussuudesvesruiu
Astvunnasinuaeadeiisniudmiunsesnuuuruiy dseasdendidl

34.1 fszuuanuvasadevesuin Wiadunisadanuiulalunisidemsuan Ll
wSauvhaulngliidile

3.4.2 fin1sdademngadunisineuvesingseila (Explosive Train Interruption) Inedfu
myvhauvesingszidn IneEuaningsuidandanullumsgasaunn Tudiagszideidanulluns
Rtey (VUIUNTIngTELln, Explosive Train) [16],[17] fitadl

3.5 sumumﬁmqimﬁmljw‘ﬁ (Low Explosive Train) HasAusznaudfynanag 2 du

351 duussgussanauiy eglulndues viefanszide

352 fudu videsasawiadue

a A 5 | o ‘:4'
@qﬂﬂgmﬁQUﬂigﬂ@UQUTJ@J@E‘JJW'JEJ LYU $1307I6381 G]']ZLIE‘LJ‘V] 1

———— 20l IN~——————+

\\'

: /// """""""""""" R S A
: [ 1
~<g l 5 =
0|5 e
o] /// ”///////// / :
Wi 7 :
AL
M4a2 PRIMER
"0"RING PROPELLANT & IGNITER

DELAY €LEMENT

UM 1 9uIunsingszilausas

80



Royal Thai Naval Academy Journal of Science and Technology Vol.6 No.1 January — December 2023

(%
v

3.6 UUNTINGIELUnLTIge (High Explosive Train) fasAusenaudfaysiail
361 dUTIIAUEN (Primen) Feaghamadlelfiundsnuna videwdsnulylih sziRnuFAzen
InfngTousanin
362 dwingszdnfiusisziunans (Detonator) agiasuanmsantuiidunisszide
363 dwingszilnusznmiuvensnisszidn (Booster) azadanaunIzUMNEBNIN
3.6.4 @1uussyRusTiiavan (Main Charge)

a 3 A a A o ¢ a | Y a a
@qﬁlu@ﬁﬂﬂﬁgﬂauau@ﬂLW@?@QUigaQﬂWLﬂH LYY R1IDILINTINIITISLUN G]']llg‘lh/l 2

3UN 2 vuIunsingseilauseas

N137UYeITUINIAENSIEITALUUsBIlewaIingsuidn neluruiulinisitauees
gunsalidana wseluin vensastet ey dusugasusuluruiunsingsedn e 9 wand
Usnausinegluisausuiu Usenaume Ausy Auiiseide duveien1sssde dwiuruiuaisnianay

a o a

fifudiaaAuegseniaiusuivAuiszdn N19yuEEiuAINULTUINNSTUNNNIRaNNTENY

[

wan (Primer) sondsnulniigaingszila uwssseidnainvennsenuuanazdandssu liAnnis

seLUnWeaUsY (Detonator) ausluAussilnii (Lead Charge) wagdssiondsuludshuvaiens

55100 (Booster) Ann133zidnlugafussiinndn (Main Charge) anuandiu

4. F/andun1sAnenIde

yuwgniuiiesnuifeluastasfuruuiianssnuuanla (Point Detonating) fasiaan
(Delay) dwfugniu av./a. Ineldi3mnssudousosnsrsaeudeyanianaiauazdeyadus
Aendeafutudrugunsainalnnsvhaumdney 2 @ duwsnshwihiiduanuaende wavdau
ﬁaaw‘imfj’lﬁﬂmzLﬁﬁﬁ,ﬁﬁwmLﬁa%muﬂiwmﬂmma wazihJemUaunnsaesng 9 31nn1sAne
arunuldldluefinnusuusudly Tnedufnunandnuasludnvesgunsafududumiudasasde

gunsalrudIuYnInTeidn wazvuIunTIngseidn AnUNATIUNToRNIUUBUAIUAN 9 YoYU
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o

wagnUu neldanfianuisadamilulszmelundn Judiugunsalnmunvessuiuasseuduluny
UINTFIUAUATINGG
4.1 Anwnann1sviney : suiuirllansenuwanly/asian dmiugnlu ae./a. znieuriinu
Wonanaanisdy wargnUugndeeananNaINaoslunignINuse LAgLIIR0800uraduo N ULy
dndameisfuaziibialsuadeuiiguias uaslanfonyadudunalnaieluyadsiedamevesyuiuy
Ilsmasvyuindaiunianiauyiemu Bondundaldndumis 815u lneligunsaldsil
4.1.1 gunsnifisfe Tszuuanudasnsds 2 Qaulumuuinsgiunivue el
B dl v = v Qy 1 L3 A 4
Wouledl 1 srvuldesiuuse uaznisiefeumvestudiugunsainiglusuiuiagly
lnswesyeds fadniisdednegluyaiisdedevie Faagimingadendilswnesiiweusesyed wazds
o v LY 9 v 1 1 A 0 o ! Y (% o
i desduldlvidudsenausing 9 aelurwiuedeudivgaesnaindunis wedeaiunsules
MaifinduaNgURmnAIg 9 lngasiaarunaeinITvaaeaunIeIsNT Drop Test AMUANASTILARYILA
- = Y a v o & ¢ o
Rouludl 2 vuumsingszilndnifesuiiuuigosaudi
1) 91dBLINRBYARINAININATIMIBIINAY 340g WiaUandonaan dudussuulesiu
Al - a a wa a v o | o A \
AnanllosnuseniinngURivsanmsudvenvuelaeliazligane adnnegnielusuiuazly
Uanden luionsy
2) filswesilonyunihwaiwazideadoiauvuiunsingszile WeadnUandenay
ibilsmesiludasslunisindoundudove Jalswesasldnaidssunn 0.8 3wt Tunsnyuiveli
o 1 a a i < Y S « A o £% !
ALALRYRIA LTI UL WL TU L BTN T AR UTIINUINAINARIUNNTT 50 11AT
Junadissezanulasasiefiiuualinuuinsgiunsmageu
4.1.2 msviudiensenuidiuuuseidniga (Super Quick) levignlunsenuidiazds
wasuludaduunssuaulnszunniuiuluynvesnasaiulzysinszidnly WarlWainfusulye
Auiln Auvenensseiln wasAusvilavan auaau
4.1.3 msvhnudlensenudiuuuaiaial (Delay) Weogntunsenuidizdandanulud
< a a a & a a 1 a =
Wuwnsrwnlunsgunnfusuluygnvesmasnfudavsyalinssidaniiniaiussuia 0.05 Juni
Wanlwanausulugedud Auvenenissedn washiuseilnman auasu
o a ! o 1Y 5 d‘ = ! ~
yuuiansgnuwanly/aanal dmsugntu ae/a. augun 3 suiiduiuusni
sanwuuliiteronswds dnalnnisyiaulidudounnn wWuauvaendelunisldanudunan fideu

IS =

anezgiiflouudanuuduieiwasiignunienamnsavseneudiivamdaeiseuignlu ae./a.

WInEe 9 ba TYesussyudugaiisiunalnauaiudasnduuasyanalnnisynssidaniouynnu

YYIYN1552LUA
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JUN 3 suwinvilansenuuanly 6asan dwsugndu ae./a.

4.2 9ONULUULAZITHULUUTUAIUAN ¢ VDIBUIU

N1509NLULTUEIUILIUTIGNTY ae./A. ¥8198909AAUTIINMUIBUALATUNISE8Nen

wAlulaganselseng uazlonansinedfuAMANYUZIAaNILYDITUIU Ae./A. a9 nusuR 4 Tag

Wunsldiantanunsadamlaludsena NAMAINANMINNIATTIUIIIINSAAYUA Aadl

4.2.1

4.2.2

[

YAYUIUEIUUY Usenausie
1) Faudiuuang (Fuze Nose) v1a1n agiliflen ALl7075
2) uuladiulany (Diaphragm) via1n egilifley Al6061
3) winuSuduunaswiu (Plunger Disc) v1an agfiiley AL7075
4) Fuunevwa (Firing Pin) v1137n aumuiad SUS303Cu
5) auSeSudinuneruau (Plunger Spring) ¥a1n aunulas SUS304
YAYUIUAIUA UsEnausiy
1) tseudiuas (Fuze Body) van egiiiley AL7075
2) YadeNN1TYineu
(1) unuan ey (Setting Pin) ¥hann agfiis AL7075
(2) wue1e (O Ring) 131N 819 NBR
(3) Wuden (Holding Pin) ¥a1n auaulaa SUS303Cu
3) Yalsimes
(1) wnulsieas (Rotor Pin) ¥91n wan 12114
(2) wnulsines (Washer Rotor) ¥nann nesinds C3604
(3) Tondaunulsines (Nut) 1N newwide C3604
(4) 15\ma3 (Rotor) ¥ egiliiuu Al6061
(5) naendusidaly (Detonator SQ) ¥19N egillles Al7075

(6) naondiuszilngl91a1 (Detonator Delay) ¥ agiliile Al7075
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(7) aU3alstmes (Torsion Spring) ¥1a1n aumuLas SUS304
(8) Hanlsmas (Nut Rotor) 11970 aawas C3604
(9) vialavig (Stopper Pin) ¥inann auauag SUS303Cu
4) yailssy
(1) @anissiy (Safety Clip) ¥1an aunuaa SUS304
(2) wnulnlsieas (Securing Pin) via1n @wsulad SUS303Cu
(3) aUsamnudnalsimes (Securing Pin Spring) ¥1131n auaulad SUS304
(@) wnuilsfe (Safety Pin) 13N aumulaa SUS303Cu
(5) aUSanuilsne (Safety Pin Spring) 13N awsuaa SUS304
(6) gnuea (Ball) 111N wman K510
(7) uHudeALAU (Securing Bridge) vi1a1n auaulaa SUS304
(8) flam (Screw) ¥iNaTn almuLad SUS303Cu
(9) wuden (Circlip) ¥ann auaulasd SUS304
5) YAANMUANTIMITNTILUYRLIWRS
(1) wnuiilesruANdame (Escapement Wheel Pin) %1910 1180 SKS3
(2) wnuknuas (Washer Wheel) 11310 nasinde C3604
(3) WWloemuAuTImIE (Escapement Wheel) ¥1131n aunuaa SUS303Cu
(4) wruAuANTIMIE (Escapement) ¥ neawwnde C2680
(5) unudan (Wheel Bridge) ¥191n auauiaa SUS304
(6) fion (Screw) vinan awautaa SUS303Cu

7 v, ¢ .
2aaUsTNaVTUIUIINIENULUANLY / 2a1an dmiu av. / .
(nug. nv. «/eeoi) M.631
POINT-DETONATING MORTAR FUZE SUPER QUICK ACTION / DELAY ACTION
MADE IN THALAND

[-Diaphgram

ifing Pin
Punger disc
Primer Capsule
uffer

\ H\ng

Nut Rotor SETBACK

Sc rew sm ety Ball
wn el Bidge apement

§

JUT 4 Fudring 9 vesuwwivilansenuuanly/aiana dmiugnlu ag/e.
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4.3 PRALUUIUILNTINGSuLTA

318N13 dqudsznau (%) sUdsznausu

geoomy, | @naRWLUn (Lead Styphnate) 20
g | wmsEY (Tetrazene) 30
25 | wuliseulueem (Barium Nitrate) 5 I
= 8 i
P— (@9NNTENULAN)

DETONATOR 5Q wauRuellgala (Antimony 5 T = suereR suppoRT

it

11.70 MM

S u lﬁd e) DETONATOR DELAY
Qd 00 MF/}
3| egllifleamndiaes (Aluminium 15
N 5 - ,
Powder) i 59.78 MM,
DETONATOR DELAY C (2.54IN)
PETN 25

88.58 MM.

ana@lun (Lead Styphnate) 30 (254N
WINgTUY (Tetrazene) 30 o
PETN 40 s

PETN 100

mnuwhnssnuuant / Awnan
dwdu ansudadeniniadavegnsada

JUN 5 wdnTudIunng o vesvwiuiviansenuwanty/aaam dmsugnlu ae./e.
4.5 VAFBUTUIY
4.5.1 MINAFRUANTUNIATILIUN IR UNIALSIY (HesufuRnis) Junisnaaeusuiu

Alsenautasaseusasdn
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MANTIVINT SN YUUNLSDMUINYFERTaznalulad

A5T 1 NMVAgeUBUILT
a6y Ussinnsmagau IngUIzan NETINITNATDY
1. | mnseseumnuiSeuies | ensaaeuruieiifuay AQL = 0.1
N15UENBUNINILAMN A MISEUT0EYRINTT - mnevesuialulumuwuy
VBIVUIUIN WUUENFIDE1e | Usenausiu AQL = 1.0
- AnnsannseuiiGeusuiu
AQL = 2.5
- ANUYNABIVBINITHUE
2. NNINAFDUNITNISHNN errvdeunaaende AQL = 0.1
Uolt Test ) $1uau 10 99 | vmwaudnglunisussnn | - Sudiuduszidnvendedszy
PIYTNYURA Laivign, vianu vise mald
- Tagszidndealiinigseidn
3. SVARDUNIINAINTENY iensadeunnLanniy AQL = 0.1
(Jumble Test) 31U 10 Y9 | VusUUEILAILTOLUA - Fudmfussidaventeusey
Laivign, vianu vise mald
- suuvhegluanmituaende
4. | Drop 12 s $ 1 10 99 | iledaeansiing iR AQL = 0.1
Tunsdififimsudnetudl | - dovasouwd suruiasdes
a1 WU nseneuiuiaiy | egluaninUaende
139 - %udauﬁmmﬁmau%aﬂwn
Laivign, vianu vise mald
5. NINAFDU Transportation \feshassnisduiiou AQL = 0.1
Vibration $1u3u 10 90 Tuvaguudny - Fudruiussdaveatousey
Laivign, ey vise meld
- lsifiFudumaaoonin
6. | meaeusesth (Leak | iilovadounisiiduves AQL = 1.0
Detection ) 4uUU Bubble | vuiui - foshinurlasormeiieanain
Method 91W3u 10 ¥A YUIWVULYIINSNAERU
7. | Salt Fog 9113 10 4 \ed1a09lmnn130inI g AQL = 0.1
Ausmwluannzinndon | - vuauvegluanmitlaond
Alndiunzia
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4.5.2 Medaunulasnsiy (Arming Safety) kag N1sNAEBUNITYI91Y (Functioning)

dl a
A15199 2 GINAEDUNTENULN

a1au Usznmnimagau TngUsEaA \nauainINAEaY

1. NInadauANUaaAt WNENAFOUNITYINUYBY AQL = 0.1

(Arming Safety) 317U 10 1R | suuidlensenuidnung | - suiwiiseiinnaudadining

YU ADI LU AQL = 1.0
- YUAUYN UL
2. ANSNAADUNITVINGU WWONAABUNITNNNIUYDY AQL = 0.1

(Functioning) 91w 10 1n | suwiidlenszvnuidivung | - vwiwimssiianeudadiming

YUIUIIILABIVINU

4.5.3 MISYIAFOUNIAZUIN 91UIU 30 Un

A15199 3 BIAFBUNIAFUNY

a1eu | Ussnvnisnegey WUszaA NUTINITNAGDY

1. NISNAFDULLBNTZNIU | LNBVAABUNITYINIUYDITUIURNLDNTENU AQL = 0.1

a & & Ae 1 ¢ LY a 1
WnRnelLuunIENU Wrnnnedununlasignen1snsianisal | - suiuimssiinneu

wANt lufdsAnun9 Wiavuirumnsenutdvune | datnune
YUIUIIALHDIVIIU
2. ANSNAFDUNITYINNGIU | [BNAADUNITIINITUYDITUIUIILIBNTENY AQL = 0.1

Wionsznutdivuie | wWnuneiiduiunlasinedonisnsianisa | - suiuiiseidanou

LUUDI9IE lufiFganavng Wiavuiusiinsenusvune | dadvune

YUIUIIILHDIVIIU

5. WaN1sAN®
ANSASIFBUANUSEUFTBYNITUTLNBUNINIEANUBITUIUI bUBHUNITTNFIDENITLAUNNS

n5219aUNILU (Level 1) LWUULBRBY (Single Sampling Plan) M5139@0UM8@1801 LaznIIAInIUIA

v
a

TRTudLee 9 voerwIL MULUURWILTEY adeunalssay AmugUl 6 B9 11 uazdimadeuniugy
4' = 1 ¢ A o
N 1290913 NquLﬂm%@’]MﬂqmiﬂqumﬂWMUW

5.1 WANISNAFOUAIALIIY HIUNANANNLIATFIUAAITUA
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sUTl 6 maaeumsnszumn Jolt Test) Ul 7 nagounisnansznu Jumble Test)

JUT 8 vameuduaziiiou JU# 9 waaaun1sANnsENu (Drop test)

(Transportation Vibration Test) ANEGS 1.5 1UAT wag 12 Wns

5U# 10 nageunsiui (Waterproofness) UM 11 MegeuNanIENUIINALeadN{e

(Salt Spray Test)
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5.2 MInadeunulasndefsyey 50 Wwns ®1eanUinainass (Non Arming) LagUuIUNS oy

° a | ° Y . ' ¢ A o
MNUNTTEL 120 AT NN UINAINADY (Armmg) N']ULﬂmeﬂmfliJﬂJ']mig']UV]ﬂ']WUW

JUN 12 negeudadisyer 50 Wns uag 120 A3

53 MIBMARUNIIINUYRITWIIINY A8./A.60 (Function Test) YuIUYIUaNYTHTIUIY

29 tin vihanlilauysaldau 1 da NunaeinunsgIuimue

UM 13 nageaudininauy

6. &3y
YUIWEINTENUUANDY B2a0a7 @Y ae./A. NAnwNITelnudnyue Laslinai1uaiuise
AUNAIIRNTTIUNIITIS Tngn153detiasldisimnssudouseunsiaaeudeyamanaiaiasdoya

auq NMgasiviudiugunsainalnnsvitumdned 2 @ duusnvimihndiuanulaensiy uag
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duisenimifigassdalmhaudevuunsemudwineg uashiymieunnseaine 4 :nmsanw
araduldldluefnuususudly Tngldiiudemstautudunalonina Wannsaviauldesaed
UszAnsamuaglduuuguiigndeausiug dievnfsuanssuIunHARtudusng 9 vesuauialy
dlagldTanfidamasludssmadundn uenanddsldwamuiutagsudedifidiunanissadad
wnzauiu av./m. wlasina o Ganmsidumsideaninsaainsesdrmnuiliidmaves fod.aonm.
HARYUIUIINTENULANLT 6296381 d95U au/Ald WagaINNIsEmAdeUNITINIIUYDITUIUIINTENY
wanty faaan dmsu ae/a. 60 1y, 91w3u 30 W wuTwualivihe 19 Annsanluninsaugwull
UszAvBnn 97 iWesidud dunasimuaspumIYRde UTesLES e A s KU Teile
hlUvenoragnsnanids $1uau 10,000 4a famnmaminaeifinagnssunsunsgiugvlsunsal
nsgnTRnaluivue log Aed.renn.uidaliliveyaussdvsnmannviieyld

aa

ANIsUUIZNA

[
awv

TAsansvedlasusuUszunuanandumalulad dasdulssmea (and.) andunisvene
HAaUITogda19n1INEAlaY ADY.ABNY. LATHIUNITSTUTBINIATFIUIINAULNTIUNITUINTTIY

gnlsUnsainsgnsaanatlya (NUe.N.) Nue.NN. 4/2562
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Abstract

In this research, the synthesis of tetradentate licand from benzohydroxamamide
bidentate ligand was developed by using a simple two-step protocol. Firstly, Benzaldoxime was
converted to benzaldehyde hydroximinoyl chloride. Then, Benzaldehyde hydroximinoyl
chloride was reacted with 1,3-propylenediamine to obtain the tetradentate ligand. This ligand
consisted of two units of benzohydroxamamide connecting by propylene. The overall yield of
a tetradentate ligand was 65.01 percents. The coordination compound of this ligand with copper
(1) ion was characterized by UV- Visible spectroscopy, Infrared spectroscopy, and Mass
spectroscopy. It was found that the metal to ligand ratio was 1:1. The developed method was
applied to prepare ligands containing derivative of benzohydroxamamide, and the ligands can

be used as food supplement or medical use.
Keywords: Amidoximes, Benzohydroxamamide, N, N'-propylene bis-benzohydroxamamide

1. UNI

I 1 1

noawanlusigndndusiesinie wazdunumddglunszuiunistinmraisedns Tusenie
= a a o < v 1 L] s a J ! 1%
UNBILAIUTTUI 100 UaanFy ‘VI@QLLGNLﬂu‘ﬂf\]ﬁ]EJi'JlISU’eNLEJUI“U@Ji@EJﬂ‘UM@’]EJ“Uuﬂ WUIND A8 97
] = @ 1% 1 = a a o 4 [y a A ) a g

i’]\‘iﬂ’]EJ@JWUﬂJG’]G!L‘ViaﬂlﬂaEJ’]\‘iiJ‘iJizﬂﬁ/]ﬁﬂWWWﬂ%ﬁ%ﬁﬂUL%ﬂﬁJIﬂﬁUUIULﬁ@@LUHUﬂG\ UBDAITMNUUNDILLA

a

gerglunisiauvedindudlniivseansamauiu saudsmuaunsaratynglaaiazn1susy
seavdugaulusumelviianuauna (1] o1sumeriavesnilinialsavateyia lawn 1sealadingg
oMU lsavesnsegn lsadesniaugunesd wazlsadaluwed (2] Fuduaunmudnvesnii:
aupud euuazyilvnisnovausssedugduanas nsuinglaadingwadanasuaziine1nisves
Tsaunmnuldl [3] winesunsiiderdefis mnsrnelasuneawnaviunaunnidunauaziluiviv

Y o

Y A aa ¥ a a dy 1 Y a a a <
Aukaziliideinla newnsUSuaunnifuluineliiineuyadaselansendauazsiduavnvedlsa
Jadu (Wilson's Disease) logn3lUs 19185 UNaa99nNIsSuUsenIuevns Lawa 88um1 DuAALAS

a a . o ¢ Y @ v sal )~ o o
yilar1e 9 leadn gnnsu wsedludnd emsveia uasnanzia Wudu AedivesAlaniunumdifsy
TunsmuauUTuamawadlus1eney N1svarenIsuIaedwasinlalaenissulsenunalilasmian
Juomnsiatu nemldiinegluguansusenaulnadunaediles (1) Aenuduiivinnimewnslugy
cu? loeau TunendududnisldmeUiuasAtanlun 159N suasadIuALe0nINTNNY 138N
AlatutUn (Chelation Therapy) lnglaannus A-lwuddaniiu (D-Penicillamine) wioawnuadue 71l

@ a1 Y 24 v o sa o A4 a g s 1
Juiiwresangduiu Cu® lessumeiiusylareesiudu WeaiindursUilosAianuiamounsasgn

Juaeeanansnesaly [4]
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a1sUsznavesilneandy (Amidoximes) (5] Wuansuseneudunidffinyilsiduosiilu uas
lensonddilusguuszneuasvoulisatu wazenafivyilsidudiandunylelasasvoudun 1wy
vyjordviAinyientlsindn FeiliiAnlassaisiunnssiuldiinnine asuszneudifingunuiifladidy
Fandunauuiy (gﬂ‘ﬁ 1 (1) Ao wullenseneunlus (Benzohydroxamamide: BHam) ansUsznauil
Dudiaulavesinaiieon tndued LLazﬁﬂ%’ﬁmmLﬁaﬂwmﬁwmmiﬁﬁqwémaEn [6,7] a8 BHam #5®
wugnillneandu (Benzamidoxime) %30 19u-lansendiuugnfiau (N-Hydroxybenzamidine) %#3o
wuwlufeonda (Benzamideoxime) Winouiusfisuvisoandiauld syiusiwToudldigninig
Fanmitdrdny Ao Midusduialse funuaiise dwhia funssniau arsduoyyadasy uas
duq Instheyiusvesiuuriilaendusnnundanldidueud wasdnvareviaeyszninams
naaonsradn [8] lasaadsluiana BHam fiuszneusiueznenlrdidnasou Ao lulnsiau uas
oondiau vl BHam davtAiduaunudvialueumaiifniusslaeesiuduldaesiusy fulesou
YoIsNIUETUrAaETia Wu Co™ Co®* NiZ* way UO% [9,10] wazdsnudn BHam ialuansuszneu
Tneasantuiulesouves e (waliden-99m) lonuazinnuabosas lneweildeudusmnsuadu
filaveznouwiniu 43 wagynlelelntidulelelnussd InelelulnuSsdves *mTe aaneslyissdunuan
WEIY 140 keV fiAA3s¥in 6.01 alus idulelelnuideuianlflumanisunndiiieattaguniesed
Tunsitadelsn dns@nuiniseion P Te-BHam il el duasaiegusaessd [11) uagiil ol
ANMULENYTIILNITHUATIZAPRTLAUNAD LAUAINALAUR BHam 1ag L. Xu, hazAfe MNISaaasIzu
asUsenoulapesaudy P e Auaunun B, Wy Insiau Ja-uulelensonwunlug (NN-propylene
bis-benzohydroxamamide; C5(BHam),) lasdsiasigiiaunue Cs(BHam), (gﬂ‘ﬁ 1 (2.) Tneiuann
Aunud BHam wdaaseiliy Potassium 3-phenyl-A21,2, d-oxadiazolin-5-one u&isaidontu 1,3-
TalusTulmny Tnefldunsunsdansizisiuianun 6 Juneu Felaaunus Cs(BHam), Afaenis [12]
ylildSesasnandnsuinilesnivaeduneunardadedlinaunilunsduased

Tueuisedssauiinsdanseiaunus CyBHam), ’“J%‘El,miﬁﬁﬂizﬁw'ﬁqua Tda1idsy
ftunoutiosas Tinananiigelu uazthaunuddldindnwinsiieasssneulaoesiuduiu cu®

looau Wieduasiziansusznau Cu-CyBHam), NennilulszendldiluomnsiasunioldUsslemidu ¢

N
> _OH NH HN
N | \
N

“OH HO™

NNISUANG LA

(n) (@)

g‘ﬂﬁ 1 uanslaseasnesdunus BHam (n) kazdunus N,N’-propylene bis-benzohydroxamamide
(C3(BHam)2) ()
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2. Inguszaed

2.1 Wenmuisnsiudlunisduasizidunun CsBHam),

=

2.2 @nwinisiinaisuseneaulaeesmiutuvas Cu® loaaunudunun Cy(BHam), Arenaiiag’-

Y

FaaaiunInsalnd (UV-Visible Spectroscopy) dumsusaaiunlnsalnt (Infrared Spectroscopy)

waziaanlngalnl (Mass Spectroscopy)

3. e dun1IvY

Fuasngraunun CBHam), lnenswseuiuugnanlanlensendiiludanaslsa (Benzaldehyde
Hydroximinoyl Chloride) Inniuugnala@al (Benzaldoxime) wawtdu-maslsdn@unlus (N-Chlorosuccinimide)
WaUILNF AT ITALAUA C5(BHam), Tmm%awiaL‘U‘umaﬁiafﬂamaﬂ%ﬁiuﬁaﬂaaliﬁamimLaqaﬁ'u

1,3-lnswaulaeiiu anuihdunun Cy(BHam), Alaun@nwinisiiaduaisusenevlaeasmiuduly

asavaneniu CuCly,-2H,0 TagdnaAinisganaunadluyaeainue1Indy 200 - 1000 wlulns waIavin
MsFuATIERETUTENUlADDIALUTUTDY Cu-C5(BHam), TUmDUNITELATIZRALAUA Cs(BHam), Loy

lopouiliedousening Cu?" leopufiuaunun CsBHam), wanslugun 2

OH
- OH
N NG

| |

NCS in DMF al
25°C
6 H H

_OH _OH HO_
N N N

l I
PN
N~ N/ 'N
1 1 | | |
5 Cl NH HN o pH 4 N N
1) 1,3 propylene U U
3

2) ether and TEA at0°C
@

JUN 2 TunounsduaTIsiaunun CsBHam), uagloaauledausening Cu? leosuiuaunua
Cs(BHam),

2.1 ATelolazansiall

a a

m%ag%—’?m‘ua Talen 01158 anlnslwladimes (UV-Vis Diode Array Spectrophotometer)

U 8453 UV-Vis 999U5¥% Agilent Technologies Useineansgaiini 1asasiniiioy Ju PHI 34 989

UTEN Beckman Uszineansgaiusng a15adui lolun15dens1erivesus ¥y Tokyo Chemical

o

Industry Uszmadjdu wiu TLC Alddgadusiinaniaa (NH Modified) ¥83u3¥n FUIIFILM Wako

Pure Chemical Corporation UsginegUu

]
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32 m3duasien wugnadlen lansendiiluda raslsd (1)

agany 9.08 N1 (0.08 Mole) vaaiuusialady lulawdianasuilud (OMF) fiusiaaini
50 fiaddns Migaumndl 25 - 30 ssmuwaloa (Fu 10.01 n3u (0.08 lua) voudu-aaslsdndulud aslu
A1582AN8LUUYIALATY AUAITAZAIEAABALIAT BIURUNYTVRIEITAZANY FTIUIIUN TV
ansavansiuuealafuaniias fisliszana 10 - 15 wnil ileliufitendudu nedunnaingungd
vosansazany defiuigamgfidufiutuiniudu-anelsdndulufifiudn 13.35 n¥u 0.10 lua)
Tneniuiiazdosiilemunuguugililiiu 25 ssmiwadoa Gilusrniiiy) ndnudu-asslsdn
Fulafauvn seliufisendugauszan 1 - 2 $2lus AanuufAsendeusy TLC N-H fudme 5%
wynuealupaslswesy videdunnangamgiivesansazaensiiuazviniugamgivieaudn ansavany
sovmmadutndu 250 fiaddns udadndelaesadises 50 faddns 2 afe auduBises dilugrdae
tndiaz 10 fiaddns d19auindedl pH Wity 4 Mdnthesnandusisessewundideudamauou

lansa nspaudrsemedisasenn viiumnieldgayainia 4 - 6 Talus lnveawamialalifid dimdn

10.94 n§u Sovasndndaeivindu 91.5 Agaienanualaae H NMR T CDCly & 7.80m (3H, Ar), 7.31m
(2H, Ar) wag 11.34 (1H, NOH)
3.3 AsdAsIEvaLnuA CsBHam), (2)

azanBlUuTIanlen ansenddluda aaslsa 2.00 n3u (0.0129 lua) lulawdadises 20 fagans
wiBul 0 ssrwalded wdufvansazanenauves 1,3 nsidulaeiv 0.50 fadans (0.45 N3y 0.0061
lua) AulesieSalediu 2.50 daddns (1.81 n3u 0.0162 Tua) TulaeSadises 2 fadans Niagvun
ﬂumiazmamaam’;mLLasz@uqmmﬁﬁ 0 ssmwadealusnsiuds wdenivansavaroway
AL Ausiofigamniiviesdn 2 dalus AamumsiAnufnTeniauysaisneusu TLC N-H fuswe 5%
wmueslunaslsvesy ifeufisenfugauduendusisosuasdeseiiau pH ifunans shlvusiedae
wuniiBeudaminueulensa nsosudiszmeliuis Yruesddunildumnndnlvliiefazatenay
vupakaziin Snsdau 1:10 Idveanddum 135 n¥u (0.0043 ) yeviasusien 146 - 148 ssrwaLdos
Yovavvasnandeiiviiiy 71.05 Agaviendnuaidaewmaiansauninsalad Tdnadad H-NMR
(DMSO-dg) : 0 9.669 (s, 2H, OH ), 7.416-7.317 ( m, 10H, Ar ), 5.729-5.696 (t, 2H, NH), 2.840-2.891
(g, 4H, NCH,CH,CH,N), 1.390-1.356 (m, 2H, NCH,CH,CH,N). IR (KBr) 3,377.0 cm'* OH (bonded O-
H stretch), 1,634.7 c™* C=N (stretch) ez 1,164.4 cm™ C-N (stretch)

3.4 Anwinsiinansuseneulreasiiutuaindiaansataaungsn
TAFN1sRANFURERATaTANEAIITNTY 5 x 109 Wansvas CuCl2H,0 wavansaeaeANILuTY

5 x 10* Twansve9annun Cy(BHam), guiuansasaenauai Ity 5 x 10 twans vas CuCl,2H,0
iU C4(BHam), Nazaneludmvinasansioniueanuul Tusnsdiu 1:1 finuegnimay 200 - 900 WIluLuas

loanasuanslugui 3
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3.5 A1TdaASIEYileaauTedau Cu? lasaunuawnun Cs(BHam), (3)
avanedunus CyBHam), nidn 0.100 A$1 (0.0320 mmol) fetindu 2 mL Turadunay oy

WAL 1 M HCl Niagnenauauazatends 31nuuAs CuCl,.2H,0 win 0.0282 n$u (0.0165 mmol)

(2
a

WaUSU pH 13U 4 f1e 5% NaOH wafslifigunaiivies 12 Falus Weldnyneuduinia drlunses

9 Y
v

wagyiliwianelsgaainia levesudaduananiin 0.0316 nu yavasumad 144 - 146 asrwalded
YovazvomAnis 51.04 wagRgationdnuaifemedameaninsalnUlduadad IR (Br) 3,367.1
cm ™ OH (bonded O-H stretch) 1,635.5 cm™ C=N (stretch) 1,088.4 cm™ C-N (stretch) ESI MS+ for
Cy7H18N4O,Cu: found: m/z* 375.19

4. NakazanUSIgNaNISNAaad
N13duATIERaRNUER CyBHam), mudsmsindillvisesasndndueisauminny 65.01 genin
UATER L. Xu, 1998 [12] Useuaua@adwin te991ndTunaun1saaAsIeianadnaatingd 2 Tunou

2 s

waglunisduasissiiuusanlanlansendiludanaslsn Iseeasnindueinigada 91.5 oean

LY

Unsendalad nsmuavanizlumsifeufisenligenn wssduliisermeanudounldamin
muauliitgandnsnsiudu-raslstnduilud URATeUgdided fe WWu-aaslsdnduilud Ald
& a ¢ & < o v a = o & v ° a =

Juansiiuraslsaduvedsdanssigiwazianasiuussetand 3kisndudssinluanieilesnse
meldussereniavedlulasiou Medslinagnuasiuasndilideswesugaind1figeenn wansg
nansiedinlglunisiaaesiudu (Chlorination) du [13] FJuluujisenfismhuldwieneuyiusves
U lady [13 - 16 ] nasanuuisiinsdunsigiawnus CBHam), Inemsiuauugiadlentansen
Filudaraslsd du 1,3 laezdlulnsiny dasidiu 2 se 1 Tuannzmluiua Yjaseriiinduduy

Uisensunuiisaengiefiundumiiaaslsavesuueiadladlansendiludanaslsd Feanu1sadue

U
(3

ﬁ’uwyjLaﬁuﬁaaaaﬁ%mmlﬁluﬂ%L@im msveassluadsdl wuinnsmvaNdnduluavesuugIaflas
lansenddludanaslss Walsutu 1,3 leesdlulnsmulinniuneUssuiasosas 5 vililasesas
mawémﬁmsﬁqaﬁqﬂLLazlé’mﬁmﬁmsﬁﬁﬁmmﬁqw%{gqmﬁmﬁuus«'uﬁm’a %39N15UADULMAILAY
masumaaglutag 146 - 148 ssmwaidoa WeRigatiendnualsemaiadunsisaaninsalny
wardedosuunuinisTouudauningaln® wuirhumisagsusinisuenvesfiafiinduainms
Jinswisemaiasasdndifesiunuiseinedsenuliteundd [12]
A15ANYINISIARANSUTTNBUlABRS ALLT WYY Cu® lapaunudunun Cy(BHam), inlaanis
Wiguisuaunasisenineansazane CuCl,.2H,0 a@nsasatsduwnus C;(BHam), way @savanunas
iﬁamﬂmﬁqgﬂﬁ' 3 WUdWaLUﬂG\%Jmmmiazmwamﬁmmi@mﬂﬁuLLaaLmﬂmqmﬂaﬁﬁgqéfuﬂgq 2
Tug9ALEIAAY 350 - 700 UTWLAT LansdenIsiinRuselaoeos ALt usEnIng Cu? fudunus

C5(BHam), kaza1ng3-3ailaaiunasuvesasazatgnas nuUSHUNoUAANTAANEUEEn 2 Aurs
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= =

Pnaansndiansgandulaanatiieanuendui ety Insanaddddeiies nun1siudey
ANUTUTRILUAUARS TS Nwr UL Ui ad AU A LsAAUYSZIN 365 WAy 509 UNULIAT
n1sgandulasinuiiinzaennnesiunsganfulaiainlassaidmasuuuusunieanselnues
anasunisgandusatlutnanuemeiusaivesiulivesaisuseneulasesfudunioznaunans
& 24 PR P =) a ~ ~ ~ ) a o a

Wy Cu® Pillaseadauwuudinasuuuusiu nusnginaesiialuannsy Ingnipisanainainnis
N91UETUVDIBAARTaUN8TY d-orbitals 989 Cu?" loaau LAY ILALILAYAINULTUVBILARLNAYD

anasuiuegiulassainuazyiln vesdunuaniiniusslneasautuleosumasn [17]

yra— Cu2+
—— C3(BHam):
—— Cu-C3(BHam)z

Absorbance

— -

I
1

—
T

200 300 400 500 600 700 800 500 1000

Wavelength (nm)
gﬂﬁ 3 alUnasnuesansazaty Cu® arsazansdunua Cs(BHam), kaza1susenau Cu-Cs(BHam),

MssanuavAaUYsLlsituanBursusaaUninsalnd

vy eridfuy Cs(BHam), (cm™) Cu-C3(BHam), (cm™)
OH (bonded O-H stretch) 3377.0 3367.1
NH (bonded N-H stretch) 3190.9 3062.7
C=N stretch 1634.7 1635.7
C-N 1164.4 1088.4

HansaLATIEEsUTEnaUlApRRsALTUSEING Cu? Terauriudunua CyBHam), lavaauds

a % vy a o I3 ° Ay v a ¢ Y] ¢ v a a
GRVMIZMEG lﬂiaﬂagaﬂ@\ﬁwamﬂmeﬂ 51.04 u’]ﬁ’]iﬂigﬂ@UWl@ﬂJWWﬁjﬁ]uLaﬂaﬂ‘@mﬂjﬂLVWIUF’W@UW?’]L?@I

awninsalnl 2ne51 nulavAduNsauR sy duddluaisuseneulaoesmudu Cu-

o

Cs(BHam), Aeviy OH, NH, C=N uaz C-N sundaavaauninaiassiuinuluaiunasivesdunua

Cs(BHam), wansinansusenouiinsedladiaunus CsBHam), Wussdusenau Jedenndasiunanis
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Angnnemaidadianinsasd loosluwdulnaaunlnsalny (Electrospray lonization Mass
Spectroscopy, ESI MS) lafn m/z* ffianuidugagafe 375.19 windunasiuaiares Cu®* lesauriu

AunUS CBHam), snsdu 1:1 Tassadsfionadululdvesansuseneu Cu-CyBHam), LLamqiugﬂﬁ 2(3)

5. @3uNan1vnay

Tuaidetannsaantunaulunisdansenaunun C(BHam), IALAY 6 TUABU LRABLNEY

a

anatuneu Ta¥esasnansueisuiniu 65.01 aunusilddundnwinainasussneulaeedaudiu
senina Cu** leopuriudunun Cs(BHam), arewaiiagI-ddaaiuninsalny Sursuseaiuninsalnd
wasuuaaUnInsalnd nuinfidasdnlavedoaunumiy 1:1 ansusznouiildenainumunz audias
ilUlduselesiduemsasulumanisunmdle udaannisiludnwianuaiosvesaisuseney
TreasAludu dasnisvanUdes Cu? losau muusiAniiy uazduqamannsguesn1silule

Juewnsiesunsesn
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Abstract

This research has developed a water-resistant coating material to preserve the condition
of paper in the form of archives, documents, and books with historical importance. A mixture
of ethyl cellulose and calcium carbonate (CaCOs;) nanoparticles in a colloid form was developed
and used for paper coating. The analysis with an infrared spectrometer and a scanning electron
microscope revealed that this developed method allowed CaCOs; nanoparticles to be evenly
embedded in the paper fibers without affecting the external appearance of paper. The results
of measuring the contact angle of water droplets on paper showed that the coating material
increased the water resistance of paper. After coating, the water contact angle of filter paper
increased from 0 to 100°, while the water contact angle of paper from an old book increased
from 75 to 80-100°. The factors that contributed to making paper more water-resistant were
ethyl cellulose film coated on paper, which was hydrophobic due to the ethyl groups.
Additionally, CaCOs; nanoparticles could enhance the water-resistance of paper due to the
increased roughness of the paper surface. Lastly, the water-resistance of paper could be further
improved by modifying the surface of CaCOs; nanoparticles with stearic acid, which had a
hydrocarbon chain that reduced the interaction between water and the surface of nanoparticles
coated on paper. In summary, this developed method was an effective and straightforward

approach to coat and protect paper from water damage.
Keywords: Calcium Carbonate Nanoparticles, Ethyl Cellulose, Paper, Water Resistance
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Abstract

Sattahip Bay is one of the important maritime regions in Thailand. Consequently, tons
of ships port-in and port-out in this area including some ships also anchor in the bay as well.
However, selecting the wrong anchoring location led to unexpected incidents. In order to
miticate those issues, the aim of this project is to locate suitable anchoring sites by using
Geographic Information System (GIS) and Logistic Regression Model (LRM) to generate a model
with 5 main factors, which are water depth, seafloor type, current speed, the availability of
communication signal, and clearance from dangerous object. The results from the model imply
that the middle area of Sattahip Bay is the most suitable for anchoring since all criteria are met
that neither too deep and too shallow water depth, proper holding force from sand and clay,
low current speed, average accessibility of communication signal, and no dangerous object. This

model is useful to serve as a cross check tool for navigators to mitigate man errors in anchoring.
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1. Introduction

Since there are 3 main harbors, which are Laem Thian Naval Base, Chuk Samet Naval
Base, and Sattahip Commercial Port located in Sattahip Bay, Thailand as shown in figure 1 [1],
so this bay is considered as the one of the most ship-massive regions in Thailand. Although 3
major ports are located, it does not have enough capacity and spaces for all ships.
Consequently, some ships that reach those ports ahead of time must save fuel and relax their
crews by anchoring nearby and waiting for their turn to dock in those harbors.

However, selecting a right location to drop an anchor is not an easy task for seafarers,
because there are several factors to consider, and choosing a wrong one let to an expected
incident such as getting ground on an underwater rock, damaging the anchor, etc. Therefore, it
is necessary for mariners to choose anchoring locations wisely and carefully. There are 4 main
factors related to topography and hydrography that play a significant role in anchoring [2].
Firstly, suitable water depth must be considered to match with anchor chain and under-keel
clearance. Secondly, different seabed types, different holding ground levels, so a bottom type
is necessary. Then, current and wind are the main causes of scouring, so calm wind and slow
current speed is perfect for anchoring. Finally, clearance from dangerous objects (e.g.,
underwater rocks, shipwrecks, islands) must be considered as well.

In term of communication, the availability of telephone and internet signals is
important for selecting an anchoring location as well, because it will be more convenient that
crews on the ship can contact to people on the land by using telephone and internet.

As there are powerful techniques in the Geographic Information System (GIS) and statistical
method that are suitability index model and logistic regression model, which are useful for
decision making, so it is interesting to apply this technology in anchoring tasks. Furthermore,
with integration between supported data from Hydrographic Department of Royal Thai Navy
(HDRTN) (e.g., Thai nautical charts, historical anchoring locations and bathymetric data) and
Geographic Information System software, which is ArcGIS Pro in this case, the suitability
location for anchoring in Sattahip Bay and approaches, Thailand can be implemented. Hence,
the objective of this project is to locate suitable sites for anchoring in Sattahip Bay and
approaches, Thailand using GIS techniques and statistical methods to create and validate the
model, respectively. This model can make an anchoring mission safer and faster. Also, this can
be used as a cross check tool to mitigate man errors and reduce unexpected accidents in anchoring.

Finally, challenges in this project and future research opportunities will be discussed.
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Figure 1 Overview of Sattahip Bay and Approaches, Thailand [1]

2. Literature Review
Fundamental and Considered Factors in Anchoring

Anchoring is a common task that seafarers do routinely. A ship drops an anchor to hold
its position in the sea like parking a car. There are several circumstances that a ship has to
anchor, for example, when they reach destinations a head of time, so anchoring is the best
way to save fuel and rest their crews. Also, when they have technical issues, dropping an
anchor to fix those problems is required. However, finding an appropriate site to anchor
requires several factors to consider such as water depth, under-keel clearance, bottom types,
current speed, weather forecast, traffic, clearance from dangerous objects, etc. [2]. Thus, it is
necessary to consider those factors thoroughly before anchoring.

First of all, water depth and length of anchor chain are significantly related. Since water
depth is a main parameter to compute the length of anchor chain to be released. There are
official formulas that categorized by types of anchor chains that if the anchor chain is forged
steel cable,” the anchor chain length in shackles (1 shackle is 27.432 meters) will be released

1.5 times the square root of water depth in meters according to Equation (1) [3]. In case of
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“copper-based cable”, length of anchor chain in shackle is the square root of water depth in
meters as presented in Equation (2) [3] However, a common equation that is practically used
in Royal Thai Navy (RTN) is that the length of anchor chain is equal to 5 times of water
depth,but if a ship anchors less than 24 hours, 3 times of water depth is used instead [4]. Therefore,
3 times of depth is reasonably used, because the typical reason that ships anchor in Sattahip
Bay is to wait for berthing in ports, and it is usually less than a day. Consequently, if water
depth is greater than 35 meters, it is not preferable for mariners, because 105-meter anchor

chain must be released, and it takes a long time to operate.

L=15Vd (1)

L = the length of anchor chain (shackle)
d = Water depth (meter)

L=+d (2)

L = the length of anchor chain (shackle)
d = Water depth (meter)

In order to indicate a minimum water depth, a safety depth equation as shown in
Equation (3) is broadly considered [5]. Firstly, average draft of ships that port-in/port-out in
Sattahip Bay is lesser 7 meters, as such 7 meter is used as “Maximum Draft(static)”. Next,
under-keen clearance (UKC) can be a fixed value, for example, 1 meter or a percentage of
draft [6], so 1 meter is considerably used in this area. In term of squat parameter, squat is the
phenomenal that is occurred when the draft increases with ship’s speed [7]. Also, the popular
formula is “Squat = speed(knots) / 100 (meter)” (Barres’s Formula). However, squat does not
affect an anchoring ship, so this variable can be eliminated. Finally, “Height of Tide” is out of
scope, because the chart datum (vertical datum) of the Thai nautical chart is “Lowest Low
Water” meaning no tide related. Therefore, safety depth = 7 + 1 = 8 meters and mariners do

not normally drop anchors in the areas that shallower than 8 meters.

“Safety Depth = Maximum Draft(static) + UKC (Company’s Policy) + Squat
(Maximum) — Height of Tide” (3)
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As bottom types play a key role in a holding force, it is important to know characteristics of
seafloor types. The holding force is efficiently high when seabed types are “clay, soft chalk,
sand, sand/shingle and heavy mud,” while an anchor is dragged in “softer seabed such as soft
mud, shingle and shell” [3]. Hence, an anchor needs neither too soft nor too hard bottom
types. Thus, it is obvious that sand and clay give proper holding force [8], while rocky seabed
causes damage to anchor’s metal parts [9]. In addition, the Coupled Eulerian-Lagrangian (CEL)
was used to study anchor penetration in clay, the result showed that the anchor can penetrate
deeper in clay more than loose sand [10],[11]. Therefore, it can be ranked the suitable bottom
types from low to high levels as rock, shall, mud, sand, and clay.

Since the main forces that cause anchor dragging are current and wind speeds, those
factors should be accounted. The maximum current and wind speeds that a ship can be held
by an anchor are different based on ship’s characteristics. If a ship anchors in harbored and
shatter areas, 4.8 and 48 knots for current and wind speeds respectively are maximum, while
in the opened sea 3 and 22 knots for current and wind speeds respectively are maximum
acceptances [9]. According to basic understanding and fundamentals, it can be concluded that
the lesser current and wind speeds, the better location for anchoring. Additionally, the
clearance from dangerous objects is generally used in Royal Thai Navy is 700 - 1000 yards [4].

Communication is also another factor that is considered, because without the
availability of telephone and internet services, a ship is isolated. Since line-of-sight propagation
of communication wave can be blocked by topography such as hills that created a shadow
zone [12]. In this case, the obstruction can be mountains and islands, so with digital elevation
model (DEM), locations of communication towers on Google Map and visibility analysis tool in
ArcGIS Pro, those shadow zones in the Sattahip Bay can be identified.

In term of statistical method, the logistic regression has been used to generate the
model when a dependent variable is downgraded from a ratio scale and independent
variables can be ratio, interval, ordinal, and nominal scales. A similar case of using logistic
regression is the habitat of red squirrel in the Mt. Graham area [13], which is the same
conditions with locating suitable anchoring sites.

Most previous research about anchoring focused on anchor penetration and
environmental effects. For example, studying how anchor penetrates through seabed to
reduce damages on submarine pipeline using models [14]. In case of environmental effects,

research focused on scouring effects of anchoring to underwater environment [15]. However, it
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does not have a study on locating suitable sites for anchoring, so it is interesting to use the
suitability index model technique in GIS and logistic regression model with factors above (e.g.,
water depth, bottom types, current speed, communication, clearance from dangerous objects)

to implement the model.

3. Data and Methodology
3.1 Data and Pre-processes.

As 5 factors, which are water depth, seabed type, current speed, clearance from
dangerous object, and the availability of communication signals were used to generate suitable
anchoring location model, so water depth, seabed type, current speed, and clearance from
dangerous object were obtained by Hydrographic Department of Royal Thai Navy (HDRTN). In
case of the location of communication towers were derived from Google Map and digital
elevation model (DEM) in Sattahip Bay was derived from Shuttle Radar Topography Mission
(STRM), USGS for visibility analysis. Then, those raw data needed to be pre-processed to comply

with GIS software in order to generate the model by using logistic regression.

1. 12 46 38.233 N, 100 44 45.398
R. 12 27 35.124 N, 100 44 45.398
B. 12 46 38.233 N, 100 58 48.604 E
H. 12 27 35.124 N, 100 58 48.604

[ study Area Border
Depth Values (meters)

Value

I shallower than 10 m

B 10-15
15-20
20-30
30-32

. 3235

I 35- 40

B «0-5

0 15 3 6 9 2 - = . 50 - 60

- — e \liles I Decper than 60

Figure 2 Study Area and Depth Values [1]
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Firstly, the original format of water depth data was a point cloud format (in .XYZ with
UTM Zone 47 N), but the model needed the raster format. Hence, the point cloud data was
interpolated by using inverse distance weighted (IDW) to be a raster layer as shown in figure 2 [1].

Secondly, Thai nautical chart no.115, “Sattahip Bay, Thailand” was also derived from
HDRTN in raster format with WGS 1984 UTM Zone 47 N. This was the source for other factors
(seabed type, current speed, and clearance from dangerous object). In terms of current speed,
there are current speed and direction shown on the map, so all those current symbols were
digitized. After that, it is interpolated by using IDW to be a raster layer as shown in figure 3 [1]. In the
same way, seafloor type can be seen on the map, so all those seabed symbols were digitized by
ranking the seabed types based on unsuitability to suitability for anchoring as shown on the
table 1. Then, it was interpolated by using IDW to be a raster layer as presented in figure 4 [1].
Finally, all dangerous objects that are land, islands, rocks, wrecks, etc. were digitized from the

Thai nautical chart no.115.

Table 1 Seabed Type Ranks

Seabed Mud and Mud and Sand and Sand and Clay and
types Gravel Gravel Gravel Shell Sand
Rank 1 2 3 a4 5

In terms of the availability of communication signal, five commmunication stations in point
vector format as well as its attribute table were generated as shown in figure 5 [1].

To implement the logistic regression model, the reference data is required to be the
dependent variable that is dichotomous in this case presence means it is suitable for anchoring
and absence means unsuitable for anchoring. Thus, 32 historical anchoring locations from 4
ships, which is H.T.M.S. Phraruehatsabodi, H.T.M.S. Suk, H.T.M.S. Suriya, and H.T.M.S. Janthara,
were supported by HDRTN, which are presence locations. Also, the other 32 locations are
randomly generated to be absence locations by using GIS, so the total is 64 locations as can be

seen on the figure 6 [1].
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Figure 3 Current Speed (knots) [1]

3.2 Processes
After all data were pre — processed, the availability and shadow zones of communication
signals had to be done first, because it is one of the 4 variables (water depth, seabed type,
current speed, and communication signal), so it must be implemented before generating the
logistic regression model. The main reason that clearance from dangerous object was not included

in the model at the beginning is because the complication of topography in Sattahip Bay and
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approaches that resulting low accuracy of the overall model, so it was applied later. This is the
challenge for the further research. In order to do that, the visibility analysis tool in GIS was used
to create those zones with the 5 locations of communication towers, which are 80-meter height.
The reason 80 meters was chosen is that the common height of a communication tower is 40,
60, and 80 meter [16], so in the future research, the exact height of each pole should be

measured.

B4 2 4 —. 8 =
I S aaaa— s
Seabad Type
VALUE
B rud Greal
B r1ud end Craval Cartographer: Sanhanat [tsama-ael, RTN
B san7 and Ganval Coordinate System Information: WGS 1984 UTM Zone 47 N
ans and Sl Date: 04/18/2023
Cay ard Sand

Figure 4 Seabed Types [1]
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As 4 factor layers were already prepared, so 64 reference data were used to extracted
values from each raster layer by using extract value to point tool in GIS. In this way,the 64
reference locations had all raster values from each layer.

Next step was to generate the logistic regression model from 4 factors (water depth,
seabed type, current speed, and communication signal) in this case all factors were ratio scale
except the communication signal that was a dummy variable. In order to build the logistic
regression model, the generalized Linear Regression tool in GIS was used with those 4 factors
as explanatory variables and the presence/absence historical anchoring locations as dependent
variable. Then each slope for all independent variables as well as intercept were obtained
according to Equation (4), so the model was already generated. Then, the model was applied
in raster calculator tool in GIS to obtain the Y value layer. Finally, the probability of suitable
anchoring location was received from applying logistic regression equation as shown in Equation

(5) in raster calculator tool again.

Y = BO + B1 x water depth + BZ x seabed type + B3 x current speed + B4 X

communication (4)

1
1+eY

P(Y) =

(5)

From this point, the raster layer of the popularity of suitable anchoring location P(Y) was
obtained, but the suitable and unsuitable anchoring sites were not categorized yet. Therefore,
the raster layer of the popularity of suitable anchoring location P(Y) needed to be reclassified
with 0.5 as a threshold (P(Y) < 0.5 is unsuitable, P(Y) >= 0.5 is suitable).

The last step was to create buffers surrounding all dangerous objects with 1000 yards.
Finally, the suitable anchoring areas layer from the model was clipped with the dangerous

object buffers to be the final result.

4. Result and Discussion

The first result of the process is the availability of commmunication signal in Sattahip Bay and
approaches that is shown in figure 5 [1]. It is obvious that the communication is organized for
serving the users on the land, because there are many shadow zones on the sea. For instance,

the north part of the bay (zone number 1) is the largest shadow zone, because the line-of-sight
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propagation from the communication stations are blocked by the mountains along the westem
coastline. Furthermore, Ko Khram Island also obstructs the line-of-sight propagation, if any ship
selects to anchor surround the Ko Khram Island especially on the western side, the probability of
receiving the communication signals is very low. In zone number 2, most locations can receive
communication signals, because no high mountain or hill on the shoreline obstructs the line-
of-sight propagation. However, some shadow zones are occurred, because some islands
blocked the propagation, so anchoring too close to the islands may cause losing
communication. In the third zone, since mountains and islands limit the line-of-sight
propagation, only the eastern part can access the signals.

After the available communication zone was created, four raster layers (water depth,
seabed type, current speed, and communication signal) were used to generate the logistic
regression model. The result of model with 4 factors and the Y value are shown in figure 6 [1]
and Equation (6), respectively. As can be seen from figure 6 [1], the suitable anchoring areas are
mostly located on the depth range from 10 — 35 meters if compared with figure 2 [1]. This
complies with the real situation that mariners do not anchor their ships in too deep or too
shallow water depth. However, there are some sites that water depth is lesser than 8 meters,
but they are classified as suitable anchoring areas. This is because the dangerous object factor
is not included in the model. Nevertheless, those will be eliminated by clipping with dangerous

object buffer in the last step.

Y =-15.689652 + 0.192456 x water depth -2.480281 x seabed type + 8.490783

x current speed - 3.946946 x communication (6)

In terms of seafloor type, the model result with 4 factors was overlayed with the seabed type
layer as shown in figure 7 [1], it can be noticed that the suitable anchoring areas are mostly
the combination between clay and sand that gives the most appropriate holding force.
However, some locations that are the mixing of sand and shell also indicated as suitable sites,
but sand and shell also give a proper holding force even lesser than clay and sand. Therefore,
the initial result from the model is reasonable with the theory that clay and sand give the most

suitable holding force [8]
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Figure 5 The Availability of Communication Signal in Sattahip Bay and Approaches, Thailand [1]

The overlay between the initial result and the current speed layer also implies that the
most suitable anchoring sites are low current speed, ranging from below 1 to 2 knots as shown
in figure 8 [1]. Only a few areas that have current speed higher than 2 knots are predicted as
suitable anchoring sites. Hence, this model highly complies with the practical instruction that
strong current speed is not appropriate for anchoring After deriving the model from 4 factors
(water depth, seabed type, current speed, and communication signal), the last factor that is the
clearance from dangerous objects with 1000- yard buffer was used to clip the result from the
logistic regression model. The result is shown in figure 9 [1]. As can be seen from the result, all
shallow areas (less than 8 meters) that were classified as suitable anchoring locations were

eliminated. Similarly, the suitable areas surrounding the dangerous objects were clipped as well.
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This led to a more reasonable result. However, there are some locations in the northern part
of the bay that are predicted to be suitable anchoring areas, but it is enclosed with dangerous
objects, this is because that area meets almost all criteria with combination between clay and
sand, locating in approximately 10-meter depth, and low speed current location. In this case, it
may be fixed by adding the clearance from dangerous objects in the model at the first place,
so it is an interesting point to develop this model in the next phase. Also, the north-west corner
location is also located to be a suitable area, but it does not have communication signals in
that area. The reason thar such a location is predicted to be a suitable area is that it is also clay
and sand seafloor and current speed is lower than 1 knot as well as the water depth is ranging

between 10 - 30 meters. Consequently, such an area meets most criteria.
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Cartographer: Sanhanat Itsama-ael, RTN
Coordinate System Information: WGS 1984 UTM Zone 47 N
Date: 04/18/2023

Figure 6 The Suitable Anchoring Location Without the Dangerous Object Factor [1]
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Figure 7 The Overlaying Between the Initial Result and Seabed Type Layers [1]

In addition, there are two recommended anchoring locations on the Thai nautical chart
no. 115. Clearly, most of the suitable anchoring locations from the model cover the recommmended

anchoring locations on the map. Only some parts are considered unsuitable because those
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areas are in the shadow zone of communication signals. This implied that the recommended

anchoring locations might not be created with consideration of a communication factor
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Figure 8 The Overlaying Between the Result and Current Speed [1]
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From the summary of generalized linear regression (GLR) result as shown in table 2, all
variance inflation factors (VIF) are about to 1, meaning that no significantly perfect
multicollinearity among independent variables. In the same way, all p-values are lesser than
significant value (Ol = 0.05), except the seabed type factor that has 0.058622 for p-value.
However, seabed type is well known to be significant for anchoring, so it was still forced to be
a variable in the model. To validate the model, confusion matrix and overall accuracy are

implemented, which is displayed in table 3. Therefore, the overall accuracy is (32 + 29)/64) x
100 = 95.3125 %.

Reference Data | targem oopecte -
Presante .. .Suitable Anchoring Location
R P
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. — — il . FComm.neBnsIG b 4 - e S
i B N L > g s

Cartographer: Sanhanat [zsama-ael, RTN
Coordinate System Information: WGS 1984 UTM Zone 47 N
Date: 04/18/2023

Figure 9 The Suitable Anchoring Locations in Sattahip Bay, Thailand (Final Result) [1]
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Table 2 Summary of GLR Results

Wald's
z- Odds Wald's High
Variable Coefficient | StdError Probability Low VIF
Statistic Ratio (95%)
(95%)
Intercept -15.689652 | 11.393336 | -1.37709 | 0.168484 0 0 766.079384 0
Depth 0.192456 | 0.078621 | 2.447893 | 0.014369 1.212223 | 1.039104 | 1.414184 | 1.067152
Current -2.480281 | 0.841986 | -2.94575 | 0.003222 0.08372 | 0.016074 | 0.436054 | 1.095323
Seabed Type 8.490783 | 4.490058 | 1.891019 | 0.058622 | 4869.67898 | 0.733645 | 32323221.97 | 1.063304
Communication | -3.946946 | 1933742 | -2.04109 | 0.041242 0.019314 | 0.000436 | 0.854865 | 1.095241
Table 3 Confusion Matrix
Modeled
Presence Absence total accuracy
; Presence 32 0 32 1
+—
2
= Absence 3 29 32 0.90625
64

In conclusion, based on the result, the middle part of Sattahip Bay is the most suitable
location for anchoring, because the water depth is between 10 — 35 meters, so ships are safe
from getting ground as well as no need to release too long anchor chains. Moreover, most of
the locations in the middle of the bay are clay and sand that yield a proper holding force. Also,
there is low current speed (lower than 1 to 2 knots) in that location, because it is far enough
from the Chong Khram Channel, which is the bottle neck that creates strong current. In the
same way, there is no dangerous object found in the middle bay as well. However, the only
problem is about a communication signal since some parts of the middle bay are in the shadow
zone of communication. Although the accuracy of this model is high, some misclassification is
still available. Hence, it is not recommended to only rely on the result of the model for selecting
an anchoring location, but the model can be used as a cross check tool with human decision.

In this way, unexpected incidents during anchoring can be reduced.
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5. Conclusion

As Sattahip Bay, Thailand is one of the dense maritime regions, because 3 main harbors,
which are Laem Thian Naval Base, Chuk Samet Naval Base, and Sattahip Commercial Port, are
existed. When ships reach their destinations ahead of time, they can save fuel and rest their
crews by anchoring their ships. However, selecting a right place to anchor is not an easy task
since unsuitable anchoring locations led to unexpected incidents, for example, getting ground
on the rock, because did not keep enough clearance from dangerous objects and did not have
enough a holding force from the seafloor during the strong current. Furthermore, communication
between ships and land is also important. Hence, it is important to locate suitable anchoring
locations in Sattahip Bay, Thailand by using GIS and logistic regression model with 5 factors that
are water depth, seabed type, current speed, clearance from dangerous object, and the
availability of communication signal.

The result from the model shows that the middle part of Sattahip Bay and approaches
is the most suitable area for anchoring, because all criteria is met such as not too deep and too
shallow water depth (10 — 35 meters), suitable holding force with sand and clay, low current
speed, no dangerous object, but only some parts of the central of Sattahip Bay are lack of line-
of-sight communication propagation, because some islands block those signals. However, there
are some parts of the bay that are not suitable, but they are classified as proper locations for
anchoring, so it is necessary to always use human decision with the result from the model.
Therefore, this model is useful for being a cross check tool to miticate man errors in selecting
the wrong location to drop an anchor.

For further research, some contexts in the model can be developed to make this model
to be more accurate. For example, the exact height of communication towers should be
measured, so the visibility analysis result will be more precise. Some interesting factors should
be added such as weather based on seasons and monsoons, which require physical models
and weather dataset. Finally, maritime traffic routes ought to be imported to the model since

anchoring a ship on a traffic route led to ship collision that need more data and dynamic model.

References

[1]  Hydrographic Department of Royal Thai Navy. Thailand 1: 40000 Nautical Chart Number
115 Ao Sattahip. Bangkok: Hydrographic Department of Royal Thai Navy; 2006.

(2] House, D. Ship Handling. London: Routledge; 2007.

131



U7 6 aUUN 1 unsIAY — SUINAL 2566 MFAITIVINTSNIUUYST DM UING AR Az LLlaY

(3]

Ministry of Defence (Navy). Admiralty Manual of Seamanship. [place unknown]: [publisher
unknown]; 1995.

Royal Thai Navy. Seamanship. Bangkok: Royal Thai Navy; 2013.

Parker BB, Huff LC. Modern Under-Keel Clearance Management.  International
Hydrographic Review [Internet]. 1998 [cited 2023 Jan 16]; LXXV (2):145-6. Available
from:https://journals.lib.unb.ca/index.php/ihr/article/view/22959

Galor W. Optimization of under-keel clearance during ship's maneuvering in port water
areas. 2007 Jan; 3:2681-8.

Svetak J. Ship Squat. Promet - Traffic —Traffico [Intemet]. 2001 [cited 2023 Jan 23];13(4):247-
51. Available from: https://www.scribd.com/doc/254552086/ship-squat

Schatz Energy Research Center. California North Coast Offshore Wind Studies: Anchoring
Technology Risk Assessment. Humboldt. CA: Schatz Energy Research Center; 2020.
Intertanko. Anchoring Guidelines: A Risk-Based Approach [Internet]. [place unknown]:
[publisher unknown]; 2019 [cited 2023 Jan 30]. Available
from:https://www.maritimecyprus.com/wp-
content/uploads/2019/04/2019Intertanko_Anchoring_guidelines_a_risk-based-approach.pdf
Grabe J, Wu L. Coupled-Eulerian-Lagrangian simulation of the penetration and braking
behavior of ship anchors in clay. Geotechnik. 2016 Mar;39(3): n/a-n/a.

Osthoff D, Heins E, Grabe J. Impact on submarine cables due to ship anchor - soil
interaction. Geotechnik. 2017 May;40(4):265-70.

Richards JA. Radio Wave Propagation: An Introduction for the Non-Specialist [Internet].
Heidelberg:  Springer; 2008  [cited 2023 Feb  13]. Available  from:
http://ndl.ethernet.edu.et/bitstream/123456789/12332/1/270.pdf

Pereira JMC, Itami RM. GIS-based habitat modeling using logistic multiple regression: a
study of the Mt. Graham Red Squirrel. Photogramm Eng Remote Sensing. 1991
Jan;57(11):1475-86.

Li X, Hou Z, Lu J, Yang D, He Z, Cao Z, et al. Research on calculation model of penetration
depth when anchor touches Seabed. J Phys Conf Ser. 2021 Aug;2006(1):012015.

Davis AR, Broad A, Gullett W, Reveley J, Steele C, Schofield C. Anchors away? The impacts
of anchor scour by ocean-going vessels and potential response options. Mar Policy. 2016

Nov; 73:1-7.

132


https://journals.lib.unb.ca/index.php/ihr/article/view/22959
https://www.scribd.com/doc/254552086/ship-squat
https://www.maritimecyprus.com/wp-content/uploads/2019/04/2019Intertanko_Anchoring_guidelines_a_risk-based-approach.pdf
https://www.maritimecyprus.com/wp-content/uploads/2019/04/2019Intertanko_Anchoring_guidelines_a_risk-based-approach.pdf
http://ndl.ethernet.edu.et/bitstream/123456789/12332/1/270.pdf

Royal Thai Naval Academy Journal of Science and Technology Vol.6 No.1 January — December 2023

[16] Rasool AM, Ibrahim YE, Qureshi MU, Mahmood Z. Analysis of communication tower with
different heights subjected to wind loads using TIA-222-G and TIA-222-H standards. Journal
of Asian Architecture and Building Engineering. 2022 Nov;22(4).

133



NSETIVINMINUIMEFERSLazvAalulad Journal of Science and Technology

U7 6 aUUN 1 uNSIAN — SUINAL 2566

Vol.6 No.1 January — December 2023

L

v = v = v =
ﬂ"li‘Vi']LﬁUVI']QVILWQJ'WﬁQJIUﬁﬂ']WLL'JﬂaaﬁJ‘VIﬂJ UAIIYAIYLLNUNTINE UL YA Delaunay

Optimal Path in a Hostile Environment by Using Delaunay Triangulation

SUILN ANgnsIallsal!, Wieuds whedila?, Isewa Janune’, augdl dvniun®, §0138 dangns® uae
0N ARPUIS
Tananop Limsuwanroj?, Thiansiri Luangwilai®, Weerapol Welamas®, Sompoom Meechown?,

Supavadee Leelayuth® and Witsarut Kraychang®

Received: May 10, 2023
Revised: June 16, 2023
Accepted: June 23, 2023

UNANEa

NUITEIUL dnUsrasAiiatiauauazlaniiag 1uuwIN1KNSIEUNUNWaWEYY Delaunay
lunsiegsidunanmuigandnsunisufuinishameeinie duneivangadluanuideaul fe

v A A cs' a o a v v a A A ! I ¢ Y
LﬂUVlNVIﬁUVIEj@Vlmm‘mMaﬂLaENﬂﬁUULGUWVL‘UEN‘UiL’meLaﬂw’e)migﬂ@i?f\]ﬁlumﬂiz‘umimimﬂﬂ

19197158 NOINSANY 15058UUN8I3991NALITUNNER3 15319

Lecturer, Academic Faculty, Navaminda Kasatriyadhiraj Royal Air Force Academy
Email: Tananop.lims@gmail.com

29719138 NBINTITANYI 15USHULIBITO0INIAUINUNNERIYITINY

Lecturer, Academic Faculty, Navaminda Kasatriyadhiraj Royal Air Force Academy
Email: Thiansiri.L@gmail.com

*9719158 NBINITANYT 15UFHULIBIT0DINIAUINUNNERIYITINY

Lecturer, Academic Faculty Navaminda Kasatriyadhiraj Royal Air Force Academy
Email: Welamas@gmail.com

4@’1?]’1?‘5 ﬂENﬂ’]iﬁﬂ‘t?ﬂ IiﬂL%EJU‘L!’]EJL%@E]’W']ﬂu’lﬁu%ﬂ@ﬁﬁ%ﬂ%i’]‘ﬁ

Lecturer, Academic Faculty Navaminda Kasatriyadhiraj Royal Air Force Academy
Email: Sompoom96@gmail.com

5@’1?]’1?‘5 ﬂENﬂ’]iﬁﬂ‘t?ﬂ IiﬂL%EJU‘L!’]EJL%@E]’W']ﬂu’lﬁu%ﬂ@ﬁﬁ%ﬂ%i’]‘ﬁ

Lecturer, Academic Faculty Navaminda Kasatriyadhiraj Royal Air Force Academy
Email: Supavadee k@rtaf.mi.th

919138 NBINIANYT 1IRUIBITODINAUIIUNNTRTENDTY

Lecturer, Academic Faculty Navaminda Kasatriyadhiraj Royal Air Force Academy

Email: Witsarut_popmath@hotmail.com

134



Royal Thai Naval Academy Journal of Science and Technology Vol.6 No.1 January — December 2023

waznssudifugivssmna lnsveuiuneuiareduisnsussgndldununmannden Delaunay
wiazdumeulagazidon SnadiedueussdninmuardosiinvosunfAnise fog1wosuin
funauglusuifeduiy %Qﬂ‘uizqﬂGT‘U‘uLLmuﬁamﬁaﬁﬁﬁama%’wﬁum NITUIUNITVOILUIAN
fivnaus wwFufurnnisduyaenavesaumass Delaunay Uuuauianudf 9ndusudunisads
Tnssdneanumasy Delaunay Jusn Tneduveuredlaseeaumass Delaunay gniansadu
Gumafiannsaldouldveserniaeuuuiiufianuds nduiuiifidssdenisgnasaduanszuy
Limi‘%’ﬁﬂw%msgﬂIf\mamﬂ%’ﬁﬂwgﬂﬁ’maaﬂmn‘[mwhammu?{am Delaunay ndsantdulasade
fndoagazgnunnduumidunisiiduiigningasuiuludadmneddanodfiuvedladans,
(Dijkstra’s Algorithm) uazlutumeuaareagifiunisusudumsnmstulisudeutufeaunsnui
awadwsiildannisnundutl wandliifuiuudnnisussendldununimanumden Delaunay Tuns
Tdumansdufivmnganlunisujifnisiaveseinimeiutiu Sussansamgs Snfanszuauns
wiani feenanselddmunisnaumudumensulded wiinazansosegeslutamau 4 dmsuns

MILNULEUNVDININGESD NITUN Y30 wiinseManaseuladnaie

AAIAGY: STUULIANS, WNUNIWEULABY Delaunay, danaifiuvedlanansn, dunanmuzay

135



U7 6 aUUN 1 4NSIAN — SUIAL 2566 M5AIVINT SN LUUUST DI UINGIFARS Azl ulad

Abstract

This study aims to propose and illustrate the process of using the Delaunay triangulation
to find an optimal path for aerial operation. The optimal path is defined as the shortest path
when avoiding all risks of enemy radar detection and terrain collision. The scope of this study
is to demonstrate details of this process step by step as well as its effectiveness and limitation.
The demonstration is the applied synthesis 3d terrain. The proposed process begins with
randomly locating the vertex of the Delaunay triangulation. Then selected vertexes are
elements to generate the Delaunay triangulation. The edges of the Delaunay triangulation are
considered as available fly paths for aircraft over the 3D terrain. Secondly, the edges regard a
high risk of enemy radar detection and terrain collision to be removed from the available edge
paths. Dijkstra’s algorithm is the tool to analyze the remaining edges for the shortest path. The
last step is to smoothen the shortest path by using polynomial interpolation of the vertexes
from the previous step. The results have shown that the idea of using the Delaunay triangulation
for the optimization path is effective and robust. It is possible for path planning for aerial
operations in various cases. This study can also be extended to the Navy, Army and civilian path

planning problems.
Keywords: Radar, Delaunay Triangulation, Dijkstra’s algorithm, Optimal Path.
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Abstract

Many coastal engineering problems require a measure for “the depth of closure" defined
as the minimum water depth at which no measurable change in bottom elevation occurs. This
depth can be thought of as separating the active cross-shore sediment transport zone from a
deeper zone of negligible sediment movement, and is an important parameter in the design of
jetties, breakwaters, and ocean outfalls, as well as for sediment budget computations. In this
article, a depth of closure (DoC) analysis for the Gulf of Thailand Coastlines is presented. The
DoC is calculated by using wave statistics from WAM model hindcast stations along the Gulf of
Thailand Coastlines and simple wave-based model. Results show that the coastline at the upper
Gulf of Thailand (Hua Hin, Sattahip, Rayong) has a DoC value between 1.95 - 3.83 meters, in the
lower Gulf of Thailand (Songkhla, Narathiwat) has a DoC value between 3.87 - 6.70 meters. The
depth of closure is not a constant. It will vary depending on wave condition, sediment
characteristics, and coastal morphology including the equation model of the DoC calculation
used in the calculations. The determination of the DoC over time should be periodically
evaluated by using field data and constantly updated wave-based model in order that the

calculation of the DoC is accurate, similar to the natural characteristics of the coastal system.
Keywords: Depth of Closure, WAM Model, Simple Wave-based Model
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2. wulRnuaznquRtiata
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Still Water Level

= Final Profile

™ Initial Slope

sUN 2 dgnuvesnnuaningfvesnisanewmngneugns () (2], [4]

h, = 2.28H, — 68.5 L%] (1)
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A a
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= A

MAATULIUNIN 12 Tl Tudaan 1 U Fadunauiintuiesssgay 0.137 989993947380
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Janiavays viumthandannenansiniu nneiifiu 3aminUseaIuAsTus Ushamasaivial
DNDLEIDY TINTAAIVAT WAL USNIUMIAUIUNDU DINBLLDI FIWIAUSISIE [9]
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U

' [
L2 aad a =

mnildoyanauieglusserlndveutlsasyinlilaen DoC NlnalAssiudnvugaUsTINATLANTLNIN

= &
VU

6. Yalauauu
6.1 msAnwiaAnluisesvessrernanLuIveuililudnnaudningivesnisaiemaznou

a

g avyhliAnUselesuunngsdulunisihaanudningfvesnisaemasneuans ildivaumeniu
ANTINYLE
6.2 i Doc Alaanusiazaunisasiinuuananiuluwsaeiun dniiveyadnuazuunlusing
| & A = = ' v v ° o ° °
YoausaziuagaunsaTeuiisudl DoC NlsannnisAmualagnisidaunisiuuinasinisaum
funislddeyanisdrsrawuilusiidvesma aghlvdanuinefeuntulunsiaunisuuuinass

A1sAIMMIAT DoC TUld
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unAnga
Tuunanud lddnauen1sduAugnsing 4 dmsunisauiumainuliugeviosdiu uaz
HadnsyaeN1IAIMMATAldugissdulasdenldansAuadgasdmsuanungeiumlansed
Mduge 18°39°43” N wazogiiszAuaIugs 300 m AMSL wadnsainnsAnwluansliiiuingns
- ° o o ¥ v Yy A Ao ] v v ' a !
HenldlunisArurunedgaslieiainuldualviosiundanuuandrsiuiosuin Aladevedan
Analifudenlasude 9.784 70 £ 0.000 02 m/s? w38 9.784 70 m/s® + 0.002% lagA1AAlTuE9

ViedunlanngnsiuansdansiianueaiaiafouainAtafsUssaa 0.0002%
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Abstract
This paper aimed at investigating and presenting various formulas for the local gravity
calculation. The studying of four selected formulas was at parallel latitude of 18°39°43”" N and

elevation of 300 meters above MSL. The study revealed that, by using these formulas, the
locally obtained gravity was very slightly different. The result was 9.784 70 = 0.000 02 m/s? or

9.784 70 m/s? & 0.002%. The errors of the local gravity calculations, using these formulas, with

respected to the mean value were approximately 0.0002%.
Keywords: Local Gravity Calculation, Normal Gravity, Theoretical Local Gravity

1. unin

uNEdmnssufiasidenseuddesnisarninuliuareviosduiiuiiass ldauisald
Al 19mInTgIN g = 9.81 m/s? Ie insgagvilvinadniailidanuaarandeusanliain
anuduase wulunsvaaewing q mednudmnssulaennzegndduns@neidasnisiadouivuy
g15ueinetiedng (Simple Harmonic Motion) waznisduasiieutu nssuaalunisnaasssa
agdadlimanuliudisviesiuanedas linadwiiiiomss

Uszasdunanuiifenisivdumgnsnisdiuiumanuliiudisiesdiuiiiauazden
WsansuduiveusulduaziuTouiiounadwsaingndig o iemgnsiiairaiaadeu (Eror) 170

ARdeteefgaon1sunluldanunely

a aw odd v
2. ngufuazauideningltes
2.1 nQuwviAUlENeeEng
TgvaanggnnseinmisLsIRadaiula Auliiaduanauliuge ngiiugIuesuIeus
MnAulliagnszyUlaeilngiu (Sir Isaac Newton, 1643-1727) Senitngannuliuasainavesiinn
ngflsgyseniveunale deseunafedivialu m, fu m, uazegiuluszer e R
= = v oa X g 9 = aa & = = =%
wiusafegaszninaiuindudu Fyp (U Fy (93u7 1) dfiamsdanneynianiaalugdnaunianis
uwazwssgesudvunamiiy lnevuinveawssasduljnalaensaiunaguvesiaiigo aziluy
URNARNEUAUNAE0990958 8 MTENINIIAIEDS AB [1]

m.m

Fio = Far = G2 W

2

] ]
a ! a

W G Ae AduUsEansNsenIAIRenvesrnuluunledna (Universal Gravitational

Constant)
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Tﬂ.i

JUN 1 ussilapmseninedngainanuliuals [1]

v
= [ [y v ¢

aimuadgywilugnnauniileiluiagieniug (Homogeneous) @0dgn N13AIUIUAINT

al

nadsfuazLansliiuIusRagaansIznssiTgnaudnatsvesgnnatkasiivuadu

9 Y Y

F=G— (2)

il m;, m, A WIAVBIINNANYINEDY, R AD T8eerNTEnINgaAudnalsvesgnnay

719899 kA G Ao AAIRUBIANNlLNaAReRUluaNNTT (1)

2.2 MyIAksInaltua1lagA LAY
Ms¥aussnnenuliualaensaduafousnlud a.a. 1798 Tnsaauda (Henry Cavendish,
1731-1810) [1] Ingldmdanuudn (Torsion Balance) (93Ul 2 (1)) NM3MIIEDUNNTIAUTIRIQADIN
araltiugslutianadonlasfenudissmsanntuiliitnadeisud (1)
guUnsaflunnsnAaBsvesA LAY uanITIFUT 2 (n) waavune m iifuassteugnIegT
Uanguneuruunis (Rocker Arm, A) Gefiimiinfosunasafsnarsuesuauinisuaiudedudie g
nszanusiumiainlinsegeRenans O vesuvuunds iWeuvuunimsunsyanyhmihiiasiounas (g3
7l 2 (v)) vilFanunsadunnnsnyalddaau nadesvuvesduasilvinyudavosuauunisuay

ANUNTOAIUIA LTIV IAAAN1STA LA

v s v N R IDIIEN
HULDIWTN L . nsean

(M) AWANUTAS ALY [1] (V) AWLLAAINNTALAILAENTZINN [2]

JUT 2 9UNTaiNINARBIYRIAILIUAY
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nsanaulvgviinnezlaesgnilina M un (M = 158 kg, lnguszana [1]) gnihlviiadeud
nduvuunisidesinu wishgeinsenadlnginszyiiunsanaundndunsigaudasrguwauenia A
UNTENLLUAYR L TIAAIVAINAMLTTNE Mg naugamsluuuAdaiiaduluidusieg Tuudden

¥
a =

AnduludumeauisaiwinlianmsfiwesimsuALaIveITsUUkar NYLTUN I UYBIE bad

= 4

fazviou Tnon15iUasunUassyessinesewing M AU m, ATNURY @13150NIAINEUNUS YIS

fegaruszapinsld waznadnsiildannsmaaesanusadudumnugniesesngarmliuaise sty
NaﬁwémﬂmimaawmmLauaﬂjgﬂmwaawmﬂﬂ%ﬂimﬁﬂ‘immmam%ﬂu‘5146] Toeldnig

veaesiifuUasuUsnnang [1] lutlgtunadniveansindifemsslianaiianuliudaady 3]

G = 6.673x 10" N-m?/kg® (=m>/kg-s?)

2.3 MImAANUltNEIINngUoeIRuy

INNYUIINIPATENINUIRLaNYToNaesvestianu ale: F = m g.= G (m: m /r) %50
g.= G (me/ r’) (3)

o g, A Armulduadeduysal (m/s?), r Ae Srilladeveslan (6,371 km) [3],

me AB wIavadlan (5.976x10* kg) [3] uaz m Ad WIAvBIBUNIA (kg)

Woldngtenassvasiafiuiunisviuivin W vesuia m azld W = mg %50 ¢ = W/m lag g
= 1 v 1 d' a v @A = d‘ o w dl 1 a [ 3
AaA1ANldudsvedlan wasasauas W Afeusehgailannseinduiia m Neguuialan Aeny
AYNANETIWIsIwRsAInLLTLa 1N Aoussisgavadlandemnavesinguilivuag sewmsilanuliugi
Famsiimhiedu N/kg [4] witiloann N = kg - m/s? audnlngdalduihevasanulduaindu m/s?

X | A & =y < I

wenanil lumhelun3nian (CGS) Faldumiheyagmuvaanalu ¢ anuernlu cm, wasian
Ju s, wariindrgveansadu dyne (= ¢ - cm/s?) eaglaanulduarsintiedu cm/s? wavdala
fvuaneveasannultuaady Gal (Hudigevas Galileo) Ioe 1 Gal = 1 cm/s? [4]

Tudlonthsvasmanultuarndu m/s2 Wunseusuwasldnulaesly Tuunanuddddniae
a3 ultuaavuau m/s?

Arrulduanaualeanauns (3) diduariiaduuuiilan waziin1sidsundadan
lunusgAuaugeaninanseduiivga NMsudsivasua1vesnulingenuseAuaINgningn

seAutmgtaazAwInlannngauldua19he

%h = G [/(r + ) (4)

o [

e g, AB ArAulTudMduduiinsNseAuANgs h, g, Al AAulTNa9N

SEAUUINLLRNANNTS (3), 1 AB SATYR9lan way h AD AINNEANNININTEAULIMZLA

Y
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WAUAT G = 6.673x1071 N-om%ke?, me= 5.976x10% kg wag r = 6.371x10° m asluaunis

(3) wlﬁmmmiﬁfmaaé’ugizﬁﬁﬁzﬁuﬁmzLa (h = 0) Ju: g,0 = 9.824 637 m/s?

[
a

Armuliiueag o = 9.825 m/s? fidwaaldainaunis (3) uﬁ]umﬂ’mmiﬂmwé’myiiﬁﬁ
Anduuuinlan, ﬁswﬁ’ummqa 1 km Arenulduaiaazanaady 9.822 m/s?, ﬁizéﬁ’ummqq 100 km
ArAultuas9ranandy 9.523 m/s?, ﬁizé‘w’ummga 1,000 km ArAnulduavanandy 7.340 m/s?
LLazﬁﬁzﬁummqa 6,371 km Fayhiuseiiadeveslan) Armnaliudsanaady 2.456 m/s? [3] Faaz

ANUNTNAUINAIANNTLLNENENTNS g lanaunns (4)

'
! )

Arpulduaesfidwaldainaunis (3) Tuduaduysal Ssarsaziluanialiainnsey

Y a ada o a _a |l 3 VBN Y Y] = A 1 & Y a A a
a']ﬂ@ﬂ‘l’]llfﬂqﬂﬂ']l,u@(ﬂﬂ@EJVl‘U@ﬂu‘EJﬂa'NEUBQIaﬂLL@lNW@JUIUWi@@Jﬂ‘UTaﬂ %QOQQWLUUﬂiaUBWQ@QW‘VFQW‘UQ

Y 9 Y

I 1 o 1 Ao v a A 1 1 [ a & =] v & = o 1
L.LazmiazLﬂummmiuumammimumiaﬂwimmmmiummLﬂuaiquuiaﬂmﬁmu AUV

AulNaveTngNinneg19dasedsinaindiunisiieguuitlaniiadesnitAduysalidnies

! Y 1 v w fw 1w 1w A a vy ¢ Al v Ao A
Aruliugduivnsiveduysalisiunniaaiidugudgnswasiavinduiitlan (3UN3)

2.4 MSANUIMMNAIANULLLAIEUNNS

A a 1

Afazduautusivasnultuasdle TaisuiuRalanazdsiiauas I lanidunsanay

Muuunsatalaninisvyudiunlun1siansainig 493gn1laa1ngns Intemational Gravity

Formula 1967 (IGF 67) @95un1syia1andissananultuasdusimsuuiatan (h = 0) s [5, 6]
go = 9.780 49 (1 + 5.2884x107 sin? ¢ - 5.9x10° sin? 2¢) (5)

Wl ¢ Ao asaduss (Latitude)

Avasanultunnaun siidumduinsiieuiulanilanunavesnisilanlinauasaenly

M8 FIHIINAIAULANGAT o = 3.387x1072 cos ¢ [5] i luTuannns (5) Aaglamaulidugas

fuysal nsivdeuwdasevesaaliumsduieingeg lauanslilugun 3 ()

Y 9
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s | ] |- 3228 9.840— T T 3228
] T I ] 32.26 =1 i i ‘ | —1 3226

9.830 I = 983 | | | I L e O
auwmsnulaniuvmyy — A |- 32.24 : Relative to nanatahnggar&[ - 32.24
9.820 " 32.22 9.820 il 13222
7 32.20 i ! — - 32.20
%, 09810 7 L 32.18 § % 9810 |—1—1 T 3218

& Vv - 32.16 ‘5‘ E - T g B
% S % | | 2.1

& 9.800 /Q/.\,\_‘ durinsiyTanvyy 3214 % 9.800 — — T AL e | e
L ! 3= b [92.14 1 | t'\ Relative to rotating earth - 32.14
0.750 Z (gmanutiirRming) 32.12 [ (International Gravity Formula) agiro

P I T I Lae 9.790 1 — T T T T3
9.780 (international Gravity Formula 1967) | . (International Gravity Formula 1980) S
AN I N I % 4-3%08 9760 - 3208

20 e e T
9.770 | | | | ' |-sz.08 9.770 ‘ | | 32,06
- W % g 20 0 30 60 30
(fudgns) az@Ayn, 8am (¥lan) (Equator) bakitide, Bl (Poles)
v o & ! o v o ¢ ! Y
(n) LERAIANENNUSYBIALT LN (V) h@AsAINY UNUSVDIALLTILTL
1 a = 1 a =
fwazazAgalugnst 1967 fauazvazfgalugnst 1980

UM 3 msuUsisumeanuliuauduinsiulanvyumuianinaunis (5) [5] wagauns (6) [3]

L J 1 1

Mduaudgnsanuliugnnialvieanulduaisduinsiandy 9.780 490 m/s? lage

anuliiudeduysaidu 9.814 360 m/s? italandrarailiumsduinsuaz Anuiseduysaiviniy
Ao 9.832 213 m/s*Tul 1980, g3 IGF 80 agluguuuu [3]

9o = 9.780 327 (1 + 5279 x 107 sin ¢ + 2.3 x 10” sin® ¢ +...) (6)

Fan1swusildsudiniuiduia lakansliluguin 3 (2) wagduInAIAIIULANGIS g0 =

(% s

3.382x1072 cos? ¢ [3] wrlUluaunishagldrvesaulduaisduysel dauarmiulduarsdusing

[y

MszAuANgeINIEAulmeadsauisaUszanalaan

Sh = gro[r/(r+h)]2 (7)

25 msfwamanaliugieviesdy

Tudl 1901, 1um‘5ﬂ3%“gm General Conference on Weights and Measurement ﬂ%ﬂ‘f?‘i?; AUUA
AmRgIUYeIRUluNsuuilanily (3, 4, 5] g, = 9.806 65 m/s? HuanfirvundmSuaniuias
linsruararuldudisiesduniefledrnuldudrsfiuiiasedulufianiudr dey [13] aseiu
Aauliudufiduss 450N, uagiissdutimeiauiunans [3, 4, 5) felaguszanas: g, = 9.81 m/s?

aultudasiliFoninduanuliugiannsgiu (Standard Gravity) [14] Anpailiiugas
v0afiu (Local Gravity) vi3eAnmalifudasUnd (Normal Gravity) [14] vi3emaaliudaiasdumangud
(Theoretical Local Gravity) [8] iJuni1suszanamanuldugisiiuiaseuuialanlaonslduuusians
NAAAIERSLARIWNULAN gULLUUImJﬂ"ﬂUﬁa [9, 10]
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a(d,h) = od) + GC (h)

Y
< = 1

e g(¢,h) Ae ArmNluaIeviBsiunImg vl Badusgiuiduianag seauaiues,

g(h) Aa ArANLENAIAAIWINAINGRT IGF Felusgiuiduiaiieatafel, wag GC (h) Av ANIs

Y 9

Y
[y [y

UFuunmnulduaas (Gravity Corrections) @99uagiuseaunIuge
U 1929, Carlo Somigliana (1860-1955) [7] lsauegnsAineiauliunifissauimeadu

ag, cos’ (I) + bg, sin” (I)

\/a2 cos’ o+ b’ sin’ [0}

HOE (8)

d’ ¥ L4

e g. Ao Amailiiudasiidurudges (=9.780 326 771 5 m/s?), g, A Anmailiung

Y

fitalan (= 9.832 184 937 8 m/s2), a A Safvadlaniiduaudans (Semi-major Axis), b Ao Seafives

Y Y

lan#valan (Semi-minor Axis), ¢ e tduFanigilenans aunts (8) lugundenin@e [7]

1+psin2¢ 9)
wfl—ez sin’ (I)

e p=(b/alg,/g) uag e’ = 1-b*/ a’

()= g,

#1N15v89 Somigliana gnuszanaiAnlaenTIsnszweynsuaglusuwuy [7]
o) =g (1+Psin’ O+, sin" 2 +..) (10)

2.6 IGF 30

U 1930, The International Association of Geodesy ldlauegnsdmsunsAInAIAUlENA
Vieadumagufisendt IGF 30 Inefisuuuumluvesgnsilu [8]

() = ge(l-i-Bsinz(i)—B1 sin’ 20) (11)

e o(() AD f’hmm‘lﬁud’sﬁmé’u%ﬂmqqﬁmam% b o fuvtsiiaymatnaltiueag,
g D mmmiﬁmﬁ’mﬁﬁu@uéqm waz B, B, e Wsfiwesfiezdendonlimuns fulaniielvls
Anaultiue97iuvia3e The International Association of Geodesy 1ag Gino Cassinis [8] lévnnsm
Arltue9laglY g.= 9.78049 m/s? B = 5.2882 x107 uag B, = -5.9x107°
msfveivaildgnuiutsseaudilmituiasdenstaiiirmiemssniulune
saulul 1948, Harold Jeffreys [8] Usuugsnnsnfiwesidu g.= 9.780373 m/s? = 5.2891x10° uaz
B;=-5.9x10°
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2.7 IGF 67
gnsAuIuA1AUltUn 1998 Geodetic Reference System 1967 (GRS 67) [8] lanun
Aoy g. = 9.780 318 m/s% B = 5.3024x 10>, uag B = -5.9x 10° dlounuluaunis (11)
azle [7, 8]

s(¢p) = 9.780 318 (1+5.3024 x 10%sin” ¢ - 5.9x 10sin” 2¢) (12)

Faunnenetuaunis () isadntos
2.8 IGF 80
oldaiiavuesszuusneds GRS 80 [9] Ao a = 6 378 137 m, b= 6 356 752.3141 m,
ge= 9.780 326 771 5 m/s?, Uay g,= 9.832 186 368 5 m/s” aunns (9) naneidu

g(d) = 9.780 327 (1 + 5.3024x 107sin” ¢ - 5.8x 10sin’ 2¢) (13)

lnednnuaziden (Accuracy) Useanas + 10 m/s? [8] Wolditugiunessinadia aslaaunis

Pifeuwinduaunis (13) W [4, 8]

o(d) = 9.780 327 (1 + 5.2792x 107%sin” h + 2.32x 10°sin" 20)) (13-1)
o(d) = 9.780 327 (1.005 302 4-5.3256x 10 cos’  + 2.32x 10 cos" 2¢)  (13-2)
o(d) = 9.780 327 (1.002 645 4-2.6512x 10 cos2¢) + 5.8x 108 cos 2¢)  (13-3)

M3 GRS 80, lndinsldnisnszaeeunsulugy wuu [7, 8]
s(P) = g (1+c, sin’ O+c, sin” +c, sin’ d+c, sin”d+...) (14)

Fan1510m03IA7 ci= 5.279 041 4x 107, c,= 2.327 18x 10%, 3= 1.262x 107, waz c4= 7x
1019 Tpgfimnuazdeauseunad +10° m/s? [8]

Tunsallafesnisamuaziduaudugiunnatving s amnsasniialula dnisnszaeAntiies

a

4 3 = P
ﬁENW‘R]ULLiﬂﬂ"USQJi‘ULLUUL‘VI‘EJUI@ﬂ‘UﬁlIﬂWi (6)

29 IGF 84
ansrultiudasuni IGF 84 1 World Geodetic Systern 1984 (WGS 84) a¥197uil

AUNUAD [15]

1+0.001 931 850 400sin”

g(d) = 9.780 325 335 9 «x (15)

\/1—0.006 694 384 442sin’ ¢

way [11]
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14+0.001 931 851 386 39sin” (16)

g(d) = 9.780 326 771 4 x
\/1—0.006 694 379 990 13sin”

210 AuSuknANUluuna9

Cassinis [8] lomeAanuanuliuaistiuegiumugs (Height Dependence) 1Uu [8, 9]
g(dh,h) =g(d) - (FAE - BME) h (17)

ilo FAE e navesaniedase (Free Air Effect, Augunile Geoid) niaiduen
USuwne1nAdasy (Free Air Correction, FAC [14] = 3.8086x 10 m/s%/m), way BME g Navadula
Bouguer (Bouguer Mass Effect, miﬁq@m‘umﬁuﬁlﬂm@m%m =4.19x 10" pm/s’/m lay p AB
AmuILLudves i, Tvhedu ky/m?) war h Aeszdumnuguniiossduimgialiunans

(Syheidu m AMSL), aun1s (17) saunsadeuegluglaunis

g(d,h) = g() - (3.8086x 10°-4.19x 107p) h (18)

[y [y

WAKAT8917a Bouguer kitunfiansandnsely insizdtmnuluudelusgiussduninugs

A1 GRS 67 gnimualndu (7]
o) = o) - (3.0877x 10 = 4.3x 10%sin° §) h+ 7.2x 102 h2 (19)
gnsmuliiuddlusuuuudude [7)
s = o)1~ (ky — kosin @) h + ks h’] (20)

Tnennsfiwmesfionan GRS 80 [7] fandu: k, = 3.157 04x 107 m, k, = 2.102 69x 107 m’,
way ks = 7.375 52x 10" m? gastildlanunistulussAuanugeuniiusseduainugawinndn 100 km

ulegwilenduvesgnsil ludinuinsgiuvesUsemaesiuniaanagldgns WELMEC [8] fie

o(d,h) = 9.780 318 (1 + 5.3024x 10%sin” ¢ - 5.8x 10%sin” 2¢) - 3.085x 10h  (21)

FalugasnTiugiuuu IGF 67 saufiu FAC msududsldnugnsfianunsamainiiuliiueig

<9

[y

lngsiuravasduisiuszAuauaInseaulmeia lussuuniiginung FPS fie [14]

g(d,h) = 32.0894 (1+0.0052375sin” ¢ ) (1-0.0000000957 h), ft/sec? (22)
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dlewdswmeinlussuuusinazld
g(d,h) = 9.780 849 12 (1+5.2375x 107sin” ¢ ) (1-3.139 763 78x 10" h) (23)

e h fio szAuANgInInseaviimea Sniiedu ft Tuauns 21) wasilu m

Tuanns (22) uazdsdunugnsanaludsdngnanisde [12]
g(d,h) = 9.780 318 4 (1+5.3024 x 107sin” - 5.9x 10%sin° 2¢ ) -3.086x 10°h  (24)

Feaunns (24) ARoaunis (12) fl FAC Usingegmetiuies azdunalainlndifesivaunis

(21) 11N

[ 1
A I

MnUFusiAsliudwdmsuldmualunnasiun Tuaunisi (17) - 24) agiulainen
Aanuldudievissduiidrduiunatefiuds uddiuusvanAeinaiduiuaza1uaInseAuIveLa
AIUUNIANIUM AN TIENT992A DI AR AU IMAZ ANUGIINTEAVUIMELAUIALIUIY

2.11 ANUALLRYAYDIANAINUILLNIVID9DY

P% '
=< v o o)

Arultuasuuialanuusivasualuduegiuladediuiunnn nansenuiidfeyfe [11]

Y

o
Y YR 1 1 6 a

o A v goJ Y 1 A o = <
2.11.1 ﬂ?ﬁﬁgusﬂaﬂiﬁﬂmqiﬂiﬂﬂﬁ’]@EJVILﬁUﬁ‘Uﬁﬁ@iﬂJUWMUﬂL‘U’]ﬂ’J’]@Q‘VISU'JIﬁﬂ FIUUNA

U Y U Y

WNksRgmilaudnan uenaniiduililaniuuadasUaseeniidugudgnsiarosisaoiusens

& Y} o Y YV va ) [, 1% a oA
UIIU ‘Uﬂ"ﬁNULL‘UimqﬂJLﬁUEQVL@NﬂqﬁﬂﬁULLﬂQQqumi IGF LLa'Jﬂ"IiL‘UaEJULL‘UaQﬂ']Lu@ﬂﬁnﬂﬂ’ﬁﬁlﬁ!usﬂaﬂiaﬂ

v v 1

DUAUTEIRING + 0.03 m/s?

©

g
Y
o A Y 44' 1ol 1Y 2 a 3
2.11.2 sziumugumnileszruiimeiaiiisagnsedugeaunnigslnainyaqudnaisvesian
49{ = L4 dl L% U ¥ 1 v
WINTU useRsnavedlandztogatfiseAuaugiUseanal 1,000 m Amuliualantegasuseuiu
0.0001 m/s*
| o o Y = DA < s o
2.11.3  anuvuiwiuveslaniidiuvidaningg ldwiiu Wesnanuldudiaduilaiduves
13a ANUlENgRwUdsulime nsiasuwdasaniiosnnuiavedianliaandsuduegsening
+0.0006 m/s”
2.11.4 39F9RAURINITINGUAATUNS inllinsidulUaseiaulidua U

+0.000 003 m/s?

3. MIMAgaUMgAsAUIMAIANULTNEwTIBIUN
N1INAFRUNIENTAIUIUMIAIAINLTLAI0IAUN (Fonldimumianae & uningde
woin-13eslny 0.m9n9 2.8eslnal dfidnegLduTe 18° 397 437 N uazs¥auAIINEY 300 m AMSL

gesAmnnumdentdfioaunis (19), (20), (21) wag (24) FaduaunsiildiinanmsuSuudausdiuaiaud
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U7 6 aUUN 1 unsIAY — SUINAL 2566 MFAITIVINTLSNIUUYST DM UING AR LaznALulag

= o & ° ] v Yy a a v a Y ! °
LLaﬁllNaaWﬁﬂqﬁﬂ'TUFJmﬂqﬂ'ﬂqNIUNﬂquaﬁﬂuWT’ﬂaLﬂﬂQﬂu LL@ﬂﬂiﬂ’]U’JﬁMIuauﬂ’li (19) waz (20)

ABIN3AN o(¢) IsldAnanannis (16) aglel ¢ =9.785 615 612 m/s*

18.66194°

o ! 4 ! 4 Q‘ gj ¥ v v s o d' L ] v
nsA1RIMNmIAIANlDNa e sduTuAUlAaanSAcLandlunisen 1 lnedSeuiisuiu

i a v ' ' & v a . i a
ANRFYAIYAIAMULANA1LUUTBYAY AD %Diff = (gi/gAv—l)Xloo% LazAIAUAaIALAaDYN (Error)

DuFesazuiaann %Error =| /g, —1)[x100%

AN5199 1 NAAWSINNNITAIUIUAIANNTLLAI9NDIDU

gaald g (18.6194°, 300 m) m/s? %Diff %Error
a3 (19) 9.784 726 546 -0.000 232 0.000 232
an13 (20) 9.784 726 549 -0.000 232 0.000 232
aun1s (21) 9.784 681 126 0.000 232 0.000 232
an1s (24) 9.784 681 227 0.000 231 0.000 231
Aade 9.784 703 862

4. HAAWSWAZNMITAUTIENAENS
HadnsannsAnalauansllunised 1 dleRasansadnsvesaauliuganeglunisng

<

WulainAanulduaeaicuwIalenarueiialnadestuun ailoNasuIANNasdgnvaIFLaULR e

Y o

[ o Y o1 v gj A _ 2 o a o a
MALRUIN L AR AUTIULA A g(18.66194°,300m)_ 9.784 m/s* LHELUDNINTUIAINUALLDYAYDY

Favdsumistulufazfiuauuaneidl
ApanadeuvesAfiléiannmamuaniidgnsdeisuiisuiuanadeasiulédidan
uansnafutiesunn TaeAiiduanlsnauns (24) szsinnueanmndeutiosiign Tnsaunns(19), (20)
uay (21) fenmnueranaedouriiulsiinniaunis (24) dntos
rnullaiutueuduysel (Absolute Uncertainty) UasHadws As: (9.784 726 549 - 9.784 681 126)/

= « 1

2 m/s? =£0.000 02 m/s? fatfurrmaliiudaeosdudadidndu; Suss6100° 300my = 9784 702 0.000
02 m/s? wseluguvesaulinidusuluiosas (Percentage Uncertainty) eiidu: S us6s190° 300m) =
9.784 70 m/s?>£0.002%

Tumsiuamaauldudisiesdutiu fanuduldldfeyldnadniifianuionsadud
gausula Immi%ﬁaaﬁﬁmaﬁmamw%uLﬁwﬁwqmﬁﬁmmmmzawmaqm wazldenldgnsnig
funaiiaunaiandoudesiigaitiasdulld uazaisazdeninisaasaiiofuduaiiléain

nseuadlutuseldlngltuinsainulduae (Gravimeter) Avuns @y
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Aatudmsunninerdeuesv-odni eldduaouinageunsegduds 18° 39 43 N

wazilsyauaugs 300 m AMSL, Tnensldaunis (19), (20), (21) uae (24) AzAmINMIAIANLTUE

Yy a N v _ 2 _ 2
vinsdutadeladu 8 18.66194° 300m) = 9.784 70+ 0.000 02 m/s” %39 S 18:66194° 300m) = 9.784 70 m/s

+0.002% laggnstunisiuiuiialiaanuaainiafowilawieuiuatadeyseain 0.0002%
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