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ATAWIT JUNTAUPALEE : A DESIGN OF THE POSITIONING
SYSTEM IN CAVE BY USING GEODESY TECHNIQUE. THESIS

ADVISOR : ASSOC.PROF.RANGSAN WONGSAN, D.Eng., 100 PP.

Currently, the positioning technology using the Global Navigation Satellite
System (GNSS) has been commonly used and continuously developed. GNSS is a
collective term for different types of satellite navigation systems globally used like
GPS, GLONASS, Galileo, BeiDou and etc. GNSS-based systems can access such
multiple satellite systems at all times for better accuracy, redundancy, and availability.
However, these systems can provide the most efficiency when they are utilized in the
open area. Whereas inside the caves have the environment cannot receive a data signal
from any satellite. Therefore, the GNSS cannot directly be applied for positioning in
caves. In this thesis, propose the positioning method inside the cave using the Geodesy
technique, referring to an accurate position outside the cave obtained from the GNSS.
The Geodesy technique needs the correct data such as the displaced distance and the
azimuthal direction from a reference point using laser distance meter and electronic
compass, respectively. Finally, these data are used to calculate the latitude and
longitude of the position at the destination point. To accurately calculate the endpoint,
the first reference position from the satellite must approach the exact value. Therefore,
this thesis also studies the position error from satellite navigation affected form the
various factors in order to reduce the position error of the calculated result inside the

cave.
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. Target Coordinates Calculator

LATITUDE (degree) 14 877168833333334 LONGITUDE (degree) |102.03382566666667

DATE & TIME [26.10.2020 17:13:40 B
COMPASS (degree)  |75.92] DISTANCE (meter)
ELEVATION (degree) |0.48 ALTITUDE (meter) 266.6
ROLL (degree) -0.48 No. SATELLITE
° CALCULATE ( ) AUTONOMOUS
CONTINUE

LATITUDE (degree) | 145326172624 | LONGITUDE (degree) |  102.0190398151 |

TARGET 5 - Latitude = 14 532517282444534 Longitude = 102.01903981507606
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LATITUDE (degrae) 14 877166833333334 | LONGITUDE (degras) | 102 03362566666667 |

DATE & TIME 26.10.2020 17.13.40

COMPASS (degree) (7892 | DISTANCE (meter)  [5756
ELEVATION (degree) (048 | ALTITUDE (meter) (2666
ROLL (degree) [oae ] No. SATELLITE [12

° CALCULATE a | AUTONOMOUS

CONTINUE

LATITUDE (degres) 145325172824 | LONGITUDE (degres) 102 0190398151

TARGET & - Latitude = 14 532817282444534 Longituda = 102 0190398150760
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alculator

LATITUDE (degree) |14 87536 | LONGITUDE (degree) |102.018854 |

DATE & TIME [27.10.2020 05:16:31 |
COMPASS (degree)  |162.25 | DISTANCE (meter)  [77.9 |
ELEVATION (degree)  [4.11 | ALTITUDE (meter)  [1256| |
ROLL (degree) 1195 | No. SATELLITE 0.0 ]
° CALCULATE (/ AUTONOMOUS
CONTINUE

LATITUDE (degree) |  14.6759949978 | LONGITUDE (degres) | 102.0191757307

TARGET 1 : Latitude = 14.875375023212971 Longitude = 102.01887918183563
TARGET 2 - Latitude = 14 875375023212971 Longitude = 102.01887918183563
TARGET 3 : Latitude = 14.875375023212971 Longitude = 102.01887918183563
TARGET 4 : Latitude = 14.875375023212971 Longitude = 102.01887918183563
TARGET 5 : Latitude = 14.87542103179369 Longitude = 102.01895630120723

TARGET 6 : Latitude = 14.87588984717276 Longitude = 102.01912245463501

TARGET 7 - Latitude = 14:875994997780785 Longitude = 102.01917573070831

519 3.8 MsrianuluInuansiauoa luia

U



27

3) Tnuamsmnauiall
Tuuanisiauni livewelndmdusednis Aenisasdoyanin

mwgglnisifasvezdoaes uiaatnea uaylalsalal Taslitinsasdoyanin

=1 9 o 1

d o S~ A Y ) o o o A ' o
'qﬂﬂsmuuvmmauamtmmﬂwma L‘Wi’ﬂ‘]rimu”l%ﬁ”lﬁS‘]Jﬂ”lSﬂ”I‘L!’Jm@nLL‘WLNVI]'lllﬁ”lllﬁﬂill

R1
v

o A Yy H o o Y v =
ﬁiy)ﬂ]u1ﬂl§]”|ﬂ§]Wlﬂﬁ"lﬂ i e luon ﬁ”lll”liﬂuﬁﬂ\iW\Tﬂ”liﬂ”l\ﬂuulﬂﬂﬁiﬂﬂ 3.9

E1

319 3.9 AauaaanszurumsnauluTruamsmausa Tuia



28

Tnuamshauiia il wodndndugsendurfrzfudoyaninginsaiang 4
snidudeyaiifadumisinified nazezuaasdoyamdniv iitelfamsomurunniia
nounthl sntuifensiwiisaithmnendrngawisanatly CALCULATE iitesuiu
mndesmaihfisadmnesn1fiilufisadiedada’ly aunsanallu CONTINUE e

ao 1114 uaasdiodanagili 3.10

LATITUDE (degree) | | LONGITUDE (degree) | |

DATE & TIME 27.10.2020 05:17:47 |
COMPASS (degree) | 163.05 | DISTANCE (meter) (779 |
ELEVATION (degree)  [0.22 | ALTITUDE (meter)  [125.6 |
ROLL (degree) 10.00 | No. SATELUTE 0.0 ]
° CALCULATE MANUAL
CONTINUE

LATITUDE (degree) |  14.8759949978 | LONGITUDE (degree) |  102.0191757307

TARGET 1 : Latitude = 14.875375023212971 Longitude = 102.01887918183563
TARGET 2 : Latitude = 14.875375023212971 Longitude = 102.01887918183563
TARGET 3 : Latitude = 14 .875375023212971 Longitude = 102.01887918183563
TARGET4 : Latitude = 14.875375023212971 Longitude = 102.01887918183563
TARGET 5 : Latitude = 14.87542103179369 Longitude = 102.01895630120723

TARGET 6 : Latitude = 14 87588984717276 Longitude = 102.01912245463501

TARGET 7 : Latitude = 14.875994997780785 Longitude = 102.01917573070831
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Abstract. The Global Positioning System (GPS) is a positioning technology that is
currently used and continuously developed. The Global Positioning System commonly
used in the open area, which has the most efficient than used inside the cave. Because
of the high signal attenuation, which cannot specify the position inside the cave. The
efficiency improvement of the GPS that used inside the cave can be achieved by
applying the GPS with the other techniques. Geodesy technique is one of the methods
that can calculate the latitude and longitude of the destination point by using the latitude
and longitude of the reference position. Therefore, this research proposes a design of
the positioning system in the cave by using the Geodesy Technique. Includes laser
distance meter, GPS, compass digital and adds gyroscope used in calculations suitable
for the landscape in the cave.

Keywords: Positioning System; Indoor Positioning; Cave Exploration

1. Introduction

Global Navigation System (GPS) is a technology commonly used, such as Air navigation aids,
Autonomous vehicles, transportation, and military systems. GPS is a technology that provides
information on the location of the receiver. The method of receiving coordinates and time, calculated
from the frequency of clock signal sent from the position of satellites orbiting the earth [1]. When
operating inside a cave obstructed by the line of sight between the satellite and the receiver. Will result
in unable to tell the coordinates Therefore having to apply other technologies to apply.

Many technologies have been used to locate indoors, such as Radio frequency. WLAN,
Infrared, Bluetooth, and High Sensitivity GNSS. However, the limitation of the environment inside the
cave has a length from entrance several kilometers. Will not be able to receive signals from GPS,
resulting in these technologics unable to determine the reference coordinates: Also, the cave's internal
environment unsuitable for install devices such as installing Access points, Bluetooth devices, and
installing wide-band transmitters [2-3].

This paper proposes a design of the positioning system in the cave by using the Geodesy
Technique. By using a handheld laser distance meter, GPS and compass digital to determine distance
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and direction. However, if using only the Geodesy technique is not enough [4][5]. Because this
technique does not regard the topography of the cave, such as the slope, cliff, and hills, this research has
and adds gyroscope used in calculations suitable for the landscape in the cave.

2. Geodesy Technique

Geodesy is a science that discusses the study of the shape and size of the earth. The earth's
surface consists of 3 types of surfaces shown in figure 1. First, the topographic surface is areal physical
surface on the earth's surface, such as the ground part and the water surface. The surveyor will conduct
on this surface, but this surface has no exact pattern. Therefore, it cannot be used in general mathematical
calculations. Next, the geoid is a surface with equal gravitational potential everywhere. It can say that
the size and surface are the closest to the surface of the average sea level. Because the density of the
material under the surface of the earth is not equal, geoid has an uneven surface shape. Last, spheroid
or ellipsoid is caused by rotation around the polar axis according to the rotation characteristics of the
world. The ellipsoid is similar to the morphology of the world with collapse at the polar regions.

Topographic

e

Geoid
™ N ~

e Tt T — —— — — —

N Ellipsoid -

.........

Figure 1. Schematic relationship between ellipsoid, geoid, and topographic surfaces.

This technique can calculate coordinates on the surface of the earth. Consider two points
(figure 2): Point A (latitude ¢; and longitude A,) and point B (latitude ¢, and longitude A, ), which has
the distance (d) and direction (azimuths a, ) will be able to calculate the coordinates at point B. This
method is the direct geodesic problem. Nevertheless, this method is suitable for use at the same altitude.
However, when operating on topographic conditions, altitude and tilt angles must be calculated.

(92,42)

Figure 2. The direct geodesic problem on an ellipsoid.
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From [5-6] can be expressed equation for calculated the earth's radius each latitude as in
equation (1)

I(az cosq))z + (b2 sin (p)z

€))
V (acosp)’ + (bsin p)’

R ()=

Where ¢ is latitude, R, is earth’s radius, « is semi-major axis of the earth (km) and b is
semi-minor axis of the earth (km)

Also, [6] can be expressed equation for calculated latitude (¢, ) and longitude (4,) at point
B (figure 2) from a distance (d) and azimuths (@, ) as in equation (2) and (3).

g, =sin’ [(M[Q} co(in| 2520 e )} @

2

. . [a’(cosg)]
sing; sin — cos g,

A, :/11+tan_1 ‘
cos(

d(cos8) ®

R

2

] —sing, sing,

Where ¢ is latitude at point A (radian), /4 is longitude at point A (radian), d is distance
from A to B (meter), & is tilt angle between A and B (degree) and ¢, is azimuth between A and B
(radian)

3. Methodology
3.1. Equipment Design

In a design of the positioning system in the cave. Consists of a compact device for ease of
movement inside the cave, such as handheld laser distance meter, digital compass, digital gyroscope,
and GPS receiver; These coordinates can be received at the cave entrance and will be calculated first.
After that, all devices will send the data to calculate in the program, as shown in figure 3.

Laser distance
meter

GPS receiver » Software > Output

digital compass
Gyroscope [ digital gyroscope
sea level

Figure 3. Structure of the positioning system in the cave.

The program that is designed will use the obtained data to calculate with the direct geodesic
problem technique. The example of the program is shown in figure 4. It consists of 3 part-First, data of
reference point (Point A). Next, data from handheld laser distance meter, digital compass, and digital
gyroscope. Last, the result is the latitude and longitude coordinates of the target (point B), in the form
of coordinates.
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Figure 4. Main window software of the positioning system in the cave.

3.2. Method of Work

The working principle of the positioning system in the cave starts from receiving the position
coordinates in the point where GPS signals can be received. This point will be the reference point for
the first calculation and must be the most accurate value for accuracy in the next calculation. Then set
the desired target. The data from all devices will send both distance, tilt angles, altitude, and direction
to be used in calculations with the program. The program will calculate the target coordinates. It can

be shown in figure 5.

First reference

Tilt angle

Figure 5. The working principle in side view.

After that, the Target coordinates calculated from the program Will be used as reference
coordinates in calculating the next point. As shown in figure 6.

Figure 6. The working principle in top view.
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4. Positioning Results

This test is a preliminary test of accuracy by testing in the Suranaree University of Technology
sample arca. The coordinates reference at 14.8735323 °N and 102.019043 °E—test by specifying the
target point with distance and direction from the reference point. The direction is 0°, 90°, 180°, and 270°.
Specify the distance in each direction, 100 meters divided into 50 points, 2 meters apart. By comparison

to positioning with a GPS receiver and Geodesy Technique.

In Fig. 7 to 8, the graph shows the comparison between the calculated results and the
measurement results in direction 0° and 180°. To verify the accuracy of the calculations in the longitude,

longitude results should be the same coordinates in the same longitude line.

1487450
.
.
14.87430
3
.
= .
] .
B 1487410
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.
1487350
102.01890 102.01895 102.01900 102.01905 102.01910 102.01915
Longitude (degree)
®GPSreceiver  # Calculated coordinates @ Reference point
Figure 7. Positioning results in direction 0°.
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Longitude (degree)
® GPS receiver Calculated coordinates @ Reference point

Figure 8. Positioning results in direction 180°.

102.01920

102.01920

As well in Fig. 9 to 10, the graph shows the comparison between the calculated results and the
measurement results in direction 90° and 270°. To verify the accuracy of the calculations in the latitude,

latitude results should be the same coordinates in the same latitude line.
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Figure 9. Positioning results in direction 90°.
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Figure 10. Positioning results in direction 270°.
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Figure 11. Positioning results comparing the correct coordinates in direction 90° and 270°.
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5. Conclusion

In this paper, a design of the positioning system in the cave by using the Geodesy Technique
is proposed. Consists of handheld laser distance meter, digital compass, digital gyroscope, and GPS
receiver. By calculating the position with a program designed. After that, the test accuracy is compared
to positioning with a GPS receiver and calculated by the Geodesy Technique in the sample area. The
result is that first, the results of The GPS receiver and the calculations were similar but there may be an
error from the GPS. Then from the calculated results is no error in the longitude calculation, but the
error is found in the latitudes as shown in figure 11. At 100 meters, the error is approximately 0.2
millimeters.

6. Future Work

Future work on the positioning system in the cave by using the Geodesy Technique. The first
challenge is the accuracy of the reference coordinate. The first time to get a location from GPS is
important. If there is a discrepancy in the first position, then the next position will cause a discrepancy.
Therefore, the position at the reference point must be adjusted to the highest accuracy. Once accuracy
has been increased will lead to the real test inside the cave.
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