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Implementation of embedded sextant using ship position algorithm

Heui-Han Shin' - Sun-Jea Jung® - Jea-Hong Lim"
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Abstract: Prior to the twentieth century, celestial navigation was used to a large extent in ocean voyages, despite there being de-
velopments in radio navigation since then. However, navigation by the global positioning system (GPS) is now commercialized
and mainly in use since 1990. Moreover, celestial navigation is more complicated and time-consuming than navigation by the
GPS. Its frequency of use was significantly lowered due to various factors such as the need to construct a line of position on the
nautical chart. An embedded sextant is a device that implements the positioning algorithm in the embedded module by using the
astronomical navigation positioning method and an embedded module is a system that determines the position of the ship by cal-
culating the value input from the encoder in the built-in MCU. The VSOP 87 was applied to the position of the celestial body
and the altitude correction formula was applied. The altitude correction was then divided into input and calculation elements. In
this study, the altitude method of astronomical navigation and the embedded sextant were used to calculate the position.
Consequently, it was confirmed that it is possible to calculate the position by applying information technology (IT). The em-
bedded sextant can incorporate the latest technology and is convenient even for users who lack the expertise. It is expected to be
a useful means of navigation in the event of the malfunctioning of a GPS device or a situation of distress in ocean navigation.
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Figure 4: Observation of Sun Altitude from 10 am. to 2
p.m. [9]
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Table 1: Calculated Ship Position Module Specification

Item Specification
MCU Cortex-M4
Memory SRAM 192Kbytes
Flash Memory 1Mbyte
Interface LCD Parallel
Oscillator 4 to 26 MHz
RTC 32 kHz Oscillator

Figure 8: Singe Turn Type Encoder
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Table 2: Single Turn Type Encoder Specification

Item Specification
Type Single turn
Dimension @ 36 mm
Protection Max 1P67
Speed max 12,000 / minute
Supply Voltage 5Volt DC
Resolution max 21 bit
Lim
Shade
Index glass
Arm
Horizon
Mirror

Figure 9: Embedded Sextant Figure
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Table 3: 1st Observed Sun Altitude & Calculated Position

Table 5: 3rd Observed Sun Altitude & Calculated Position

Obser-very  Time ho GHA dec Obser-verg  Time ho GHA dec
A 10:21:49 57°27.3" | 201°16.5" | N16°11.4 A 10:59:56 64°51.5" | 210°52.9" | N17°34.1
10:36:57 60°10.3" | 205°03.5" | N16°11.5 11:20:14 68°04.5" | 215°57.4" | N17°34.4
B(1) 10:22:37 57°34.7° | 201°28.5" | N16°11.4 B 14:42:38 53°55.8" | 266°33.5" | N17°36.6’
10:40:03 60°42.5" | 205°50.1" | N16°11.6° 15:08:20 | 48°57.7° | 272°59.0" | N17°36.9
B@) 11:07:41 68°12.0° | 212°44.5" | N16°12.0° Output omited Alttade
11:30:28 71°10.57 | 218°26.1° | N16°12.3° Obser-ver Embedded Sextant difference method
Output Resulted Altitude A N34°02.2°, E127°56.8" | N34°20.6", E128°07.0°
PEESE e S difference method B | N35°31.1°, E128°47.2° | N35°40.1", E128°44.2'
A N34°50.6", E128°58.1° | N35°03.0°, E129°16.3
B(1) | N34°25.0°, E128°37.8" | N34°32.9", E128°40.3 Table 6 93] Q. x}e} =9 7ko] o x}= Z3tet #o]
B(2) | N35°03.0°, E129°02.0" | N34°51.7, E129°06.2 th 9 X oA} A FAARRE uts AAEtES 1w
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Table 6: Position error & Method error
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0.9m, A& 10.7NM, <% 15T, 719} 1020hPac]™ =4 A]
oF11= 8mO|T}. Table 4= Table 3ol WIS Ef%Fe] =7}
Wb 3 gl AL ¥ 4 gtk W GHAE A% F7b3)
3 gon] deed] WakE S RS % 4 Ik Table 38
oA B 5T oY Table 4= ST o BFS 7
Zaho] Qe Z9]9] Aujolth
Table 4: 2nd Observed Sun Altitude & calculated Position
Obser-very  Time ho GHA dec
A 13:46:48 63°51.9° | 252°35.3" | N17°20.1
14:21:09 57°52.7° | 261°10.7" | N17°20.6’
AQ) 14:21:09 57°52.7° | 261°10.7" | N17°20.6’
16:12:09 35°48.7° | 288°56.8" | N17°21.7°
B(1) 14:01:24 61°28.9" | 256°14.4" | N17°20.3
14:13:14 59°17.1° | 259°11.9" | N17°20.5
14:13:14 59°17.17 | 259°11.9" | N17°20.5
B2) 14:19:11 58°48.7° | 288°56.8" | N17°21.7
Obser-verl Output Resulted Altitude
Embedded Sextant difference method
A(1) | N34°33.6°, E129°20.8" | N34°55.4’, E129°07.0°
A(2) | N34°41.8°, E129°04.2" | N34°09.0°, E129°06.2’
B(1) N33°49.4°, E129°40.2" | N34°31.5°, E128°58.0°
B(2) N34°43.0°, E129°09.5" | N34°50.2, E129°10.3
32F Testi= 20181 5€ 10 10:30A15-E] 15:30A1714] H-
AHA] TH A EliRbell A 2m o] Bk BtElS F 43] #53t
STk BS5A A= N 35°2.792° / E 128° 57.862 ©]aL il
0.4m, Al ONM,>%= 14~16C, 719} 1021~1023hPao]™ =
A Al FLE 10~12mo| T} Table 5= S HHE 25714 ¥
Fe B5st] 2 S9d ol

Zutel ol Yol g 8ta 4 A437 A3F(2019.3)

Position error

Observer Altitude Method

Embedded difference Error

A 15NM 9.8NM 18NM

Ist B(1) 46NM 38NM 8.2NM

B(2) 3NM 13NM 12NM

A(1) 34.2NM 10.5NM 24.2NM

snd AQ2) 21.4NM 54.INM 23NM

B(1) 82.6NM 30.4ANM 56.INM

B(2) 21.3NM 15.8NM 7.6NM

A 78.9NM 59.4ANM 20.5NM

3rd B 30.4NM 39.9NM 9.5NM

Average 36.98NM 30.1NM 19.9NM
7] AP NgE T B Aol A9l 29 AY
AT IT 716 BEte) HAE T 5 Aok A &
Sl QMTE Aaseg 2903 949 B A
36INMEA S99 e FFes shrbn 2 5 ik 1

g Ao YA} 82.6NME 2% Fho & ke 1.37°
olal, H4 YA A} 36.INME 0.615°0|th W= A7t 2

A SIX(GHA, dec)= 37} glonz AABER %235
A 1EE o /1A golew Q) WA w

ﬁ—‘

2 BE5RE o] 91X et B dFg vArhs 4
SR Y
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