o & F A Maritime Quarterly

F—t+% F—# Vol. 20 No. 1
KB 100 & 3 A March 2011
B 27~7 46 pp.27-46

i E S KRR 2 R X

The Developed Programs of Navigator-oriented
Great Circle Sailings
& % 3 (Chih-Li Chen)® ~ @14 2 (Yi-Chun Chen)® ~ % % # (Yen-Yao Lee)®

BE

> BIHETORFEMIT > KRBMEZIFEBAF KRR EEIH  HEEM
VUssms et . 5A85ALHEAREEHN LB -
BEFEABRREFAEFSEL A4 ZEAAHRBREZIFEIRIARSR T
BHRBM RIBETAXMARSK - Al AXRE-EXSKBHA
RERBEARZOMEREZNERMAXZFERLS > #AH%A MATLABY
REMBMERF NG RIIEFHFE R LA AL EEE00 X BiE
23 FARKX » 4 & A GCS_Departure ; REFZAITHEZIAXNHEBER
04 fol RARE 3R IR

RART . KB K - KRB RXE - (k RER)

Abstract

The computation procedures of great circle sailings (GCS) are always the
primary task in open sea sailings of voyage plan. Many artificial judgments
needed in calculation and the tedious process make these computation
procedures impractical for inexperienced navigators. Besides, most relevant
GCS computational programs are lack of completeness and flexibility. It leads

to the motivation of this article. Therefore, an integral computation procedure
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combining the great circle equation method (GCEM) and Napier's rules of right-

angled triangles is proposed and then, the Graphical User Interface (GUI) built in

the MATLAB® is adopted to develop friendly navigator-oriented GCS program,

namely the GCS Departure. This self-developed program is verified with several

examples presented in currently available books.

Keywords: Great circle sailings (GCS), Great circle equation method (GCEM), Napier’s

rule
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/ LX )‘X ~ Cmn ~
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\/

>

C g

Dg~Cn~C~ Ag ~ Ly ~ Ay ~ passVertex ~
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Dm ~ diff ~ Inc

Stop
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ML RS JERY Port Elizabeth (L 34°
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(1) KPERERE & IR - GCS_Departure
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[E15 ]
T GCS_Departure F£=; °
[ #E5REEERAA )
1. BRYERSIRANGE 4 7R - TETHEAS R &R

-} |GCS_Departure Qli‘g

Great Circle Sailing from Departure

Departure  Latitude 34 |°[ 2
s Longitude | 25 |°[ 30
EARER —
Destination  Latitude 8 9
Longitude 78 |°[ 6
- Alt b =
SISty Initial condition
o " ° oo 3
E+§’|%iﬁ —p»1 ©Equal DLo Each| 10 DLo from| 30 3@’|§}§IE\
O Equal GC distance | Each miles

The great circle distance is 3914.0'

The areat circle initial course is 60.0° (5118°59 9'E)
The equator crossing point :

(0°, BI°36.7'E)

The vertexes

1.(44°8.1'S, 20°23.3'W)

+E3 /L » || 2.(44°8.1'N, 159°36.7'E)
ﬁ Hj ’f‘“:' ﬂjﬁ— The vertexes out of the great circle track
No Latitude Longitude Course Mercator distance

F 34° 208 25°30.0'E 58.9° 266.1'

1 31°44 5'S 30°0.0E 55.2° 644.0'

2 25°36.8'S 40°0.0E 50.9° o

3 18°23'S 50°0.0E 479° 7904

4 9°12.1'S B0° 0.0'E 46.3° g31.9' v

~1o
4 GCS_Departure F2VIR{EAER (FIZE 1)

] 2 GCS_Departure F2XXEHEHER (IR 1)

The great circle distance is 3914.0"
The great circle initial course is 60.0° (S119°59.9'E)
The equator crossing point: (0°, 69°36.7'E)

The vertexes:

1. (44°8.1'S, 20°23.3'W)

2.(44°8.1'N, 159°36.7'E)

The vertexes out of the great circle track

No. Latitude Longitude Course Mercator distance

F 34°2.0'S 25°30.0'E 58.9° 266.1'
1 31°44.5'S 30°0.0'E 55.2° 644.0'
2 25°36.8'S 40° 0.0'E 50.9° 721.0'
3 18°2.3'S 50°0.0'E 47.9° 790.4'
4 9°12.1'S 60° 0.0'E 46.3° 831.9'
5 0°22.6'N 70° 0.0'E 46.3° 674.7'
T 8°9.0'N 78° 6.0'E

The total Mercator distance is 3928.1'

Increasing rate is 0.36%

The difference between great circle and Mercator distance is 14.0’




gt S mes KB E LA RR

Navigator fz NavPac 55 » HEERIGM [ &k ]

A 5 L KGRIV AZGN - 2K R e e
() JHESALE - BATE AT ARG TR, PIRLA ~ TERL SR E R AL E -

AiE 5 BBIT GCS_Departure 220 2. W KEEENER | - 08 6° (360 i) - 3K K
B THEME - DL NGA 1Y KBEEZ PEIL S i B A B 0 R i ) B
220 B TRERCKkAE , AREE S H B ZR IR A 2R IR -
FERIGHER] B E PR ¢ W IEELE [=+2 )

AR L - #4T GCS_Departure F25

() #EAREE  BIAREE EE KRS S FH
St > DL NGA RYKBEfiE < RE R
Z > HASRMEER -

3. A B Ko LRI 2R i) e SRR

(1) & EAE ¢ B8 NavPac F2=0AH
5 5 LN NGA By K 2 2T
MRl BB =FHEELIEE] -

(2) ZEICHilm) e HLpEEE ¢ B NavPac F2x
FHER » B LI NGA BB Kk R
ZB—IE# - fER KRSy - =4S
RIGHIE 5 2 IRIERE - AR
GCS_Departure F2(E NGA Ff5HS
R MEME—H - SREHE RS
BERIZR IR - i (i AS R 0 15
HAREG < KERESE 5 EEn g -
LS I P T A o A ) e L i 2
014 3R 5 RIHERRER=REy 0.36% ©

[ #EREEREA ]

BN 3 -

2. KPEIAR R EAE RN - K PE R S H AT
fifilal - ARTE ETTH R R B A RE
FBEREAEE - EMrRERIIEEA ;- JH
B Row RIERE - HRB AR R
#3K1E > #IT NGA By KEIEZ 2=
ZF— i o #EPE GCS_Departure F2 20
FHER R o EPIRR ¢ FTHES
AEKPER S L -

3. ZE BT B NGA KL
R0 B—LEE 5 1 BRI IO A A
HEEE - HIERH NGA MR KL
X B - RS R AT
1y GCS_Departure FE=UHER - S50
Mr o BREGIBEEREEERSN - BB

(wm2] B 17 s - H B
ALY San Francisco (L 37° s PRI (R ] 20.8 Yo - T
47.5'N, 2 122°27.8'W) » LUKBBIfUEM T H BRSO, 0.32% ©

JEINEY Sydney (L 33°51.7'S, 4 151°12.7'E)
(Bowditch, 1981) -




H B+

Jiah
otk

HE—H8 KE100%£3 A

Great Circle Sailing from Departure

Departure  Latitude 37 |°[475] |@NOS
Longitude [ 122 |°[278 | |OE @W
Destination  Latitude 33 |°[517]'|O
Longitude | 151 |/ 12.7 |
Alter course b
Initial condition
o o
O Equal DLo Each DLo from
@ Equal GC distance | Each| 360 | miles

The great circle distance is 6445.2'

The equator crossing point

(0°, 163°30.0'W)

The vertexes

1.(46°39.5'N, 79°30.0'W)
2.(46°39.5'S, 100°30.0'E)

The vertexes out of the great circle track

The great circle initial course is 240.3° (N119°42.8'W)

z

o Latitude Longitude

F 37°47 5'N 122°27 8'W
1 34°38.7'N 128°47 9'W
2 11N 134°38.0'W
3 27°30.0'N 140° 4.5'W
4 P3°3R A'N 145° R 4'W

Course
238.5°
2350°
232.1°
229.7°
297 R°

Mercator distance
361.2'
361.2"
361.2
361.2'
361.2'

5 GCS_Departure F2VIREAER (1418 2)

£ 3 GCS Departure F2NETEAEE (5178 2)

The great circle distance is 6445.2'

The great circle initial course is 240.3° (N119°42.8'W)
The equator crossing point:

(0°, 169°30.0'W)

The vertexes :

1. (46°39.5'N, 79°30.0'W)
2.(46°39.5'S, 100°30.0'E)

The vertexes out of the great circle track

No. Latitude Longitude Course Mercator distance
F 37°47.5'N 122°27.8'W 238.5° 361.2
1 34°38.7'N 128°47.9'W 235.0° 361.2'
2 31°11.7'N 134°39.0'W 232.1° 361.2
3 27°30.0'N 140°4.5'W 229.7° 361.2
4 23°36.6'N 145°8.4'W 227.8° 361.2
5 19°33.8'N 149°54.4'W 226.2° 361.2
6 15°23.9'N 154°26.1'W 225.0° 361.1
7 11°8.7N 158°47.1'W 224.2° 361.1
8 6°49.9'N 163°0.5'W 223.7° 361.1
9 2°28.9'N 167°9.3'W 223.5° 361.1"
10 1°52.9'S 171°16.6'W 223.7° 361.1"
11 6°14.0'S 175°25.0'W 224.1° 361.1"
12 10°33.2'S 179°37.6'W 224.9° 361.1"
13 14°49.0'S 176°2.7'E 226.0° 361.2
14 18°59.7'S 171°32.6'E 227.5° 361.2
15 23°3.6'S 166°48.8'E 229.4° 361.2
16 26°58.5'S 161°47.6'E 231.8° 361.2
17 30°42.0'S 156°25.3'E 234.5° 326.3’
T 33°51.7'S 151°12.7E

The total Mercator distance is 6466.0'

Increasing rate is 0.32%

The difference between great circle and Mercator distance is 20.8'
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Great Circle Sailing from Departure

Departure  Latitude 33 |°[515 ] |[ON®S
Longitude | 151 |°[ 13 | |@E OW
Destination  Latitude 8 |°[53 | |@NOs
Longitude 79 |31 | ‘f-" EOW
Alter course by =
Initial condition
©Equal DLo Each| 10 | DLo from| 160 ' ‘CE ow|
© Equal GC distance | Each miles
The great circle distance is 7635.1" »
The great circle initial course is 106.1° (S 73°56.6'E)
The equator crossing point
(0°, 81°27.7'W)
The vertexes
1.(37°3.5'S, 178°32.3'E)
2(37°3.8'N, 1°27.7'W)
The vertex 1 on the great circle track
No Latitude: Longitude Course Mercator distance
F 33°51.58'S 151°13.0'E 103.5°
1 35°36.1'S 160° D.0°E 98.1° 4913
2 36°45.1'S 170° 0.0 92.1° 4822
3 37°308 180° 0.0' 86.1° 4838
4 36°30.3'S 170° 0.0'W 80.2° 496.0' v

6 GCS_Departure F2VIR{EAER (5178 3 28 2 /)\FB)
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The great circle distance is 7635.1'
The great circle initial course is 106.1° (S 73°56.6'E)
The equator crossing point: (0°, 91°27.7'W)

The vertexes :

1.(37°3.5'S, 178°32.3'E)
2.(37°3.5'N, 1°27.7'W)

The vertex 1 on the great circle track

No. Latitude Longitude Course Mercator distance
F 33°51.5'S 151°13.0'E 103.5° 447.4'
1 35°36.1'S 160°0.0'E 98.1° 491.3’
2 36°45.1'S 170°0.0'E 92.1° 482.2'
3 37°3.0'S 180°0.0 86.1° 483.8'
4 36°30.3'S 170°0.0'W 80.2° 496.0
5 35°6.0'S 160°0.0'W 74.5° 518.9'
6 32°47.2'S 150°0.0'W 69.1° 552.2
7 29°30.4'S 140°0.0'W 64.2° 594.7'
8 25°11.8'S 130°0.0'W 60.0° 643.3'
9 19°50.3'S 120°0.0'W 56.7° 691.8'
10 13°30.1'S 110°0.0'W 54.4° 731.4'
11 6°23.8'S 100°0.0'W 53.3° 752.4'
12 1°6.2'N 90°0.0'W 53.5° 748.7'
13 8°32.0'N 80°0.0'W 54.0° 35.7
T 8°53.0'N 79°31.0'W

The total Mercator distance is 7669.8'

Increasing rate is 0.45%

The difference between great circle and Mercator distance is 34.6'

<) GCS_Departure Q‘i‘@

Great Circle Sailing from Departure

Departure  Latitude 33 |°[515| |[ON®S ‘
Longitude | 151 |°[ 13 |'|@E OW
Destination  Latitude g |°[ 53 | |@NOS
Longitude 79 |°[31 |
Alt b =
S EEDLE Initial condition
OEqual DLo Each *DLo from
@ Equal GC distance | Each! 480 | miles

The great circle distance is 76351

The equatar crossing point

(0°, 91°27.7'W)

The vertexes

1(37°3.5'S, 178°32.3E)
2(37°3.8'N, 1°27.7'W)

The vertex 1 on the great circle track

The great circle initial course is 106.1° (S 73°56 6'E)

No Latitude Longitude
F 33°51.5'S 151°13.0'E
1 35°428'S 160°41 8'E
2 36°47.3'S 170°31 9'E
3 37°25'¢ 179°27.8'W
4 36°27.3'S 169°30.1'W

Course Mercator distance
103.3° i
97.7° 482.3'
91.8° 4823
85.8° 482.3'
80.0° 4823 v

7 GCS_Departure 2012 (EAER (5178 3 25 3 /\@B)
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The great circle distance is 7635.1" The vertexes:
The great circle initial course is 106.1°(S 73°56.6'E) 1.(37°3.5'S, 178°32.3'E)
The equator crossing point: (0°, 91°27.7'W) 2.(37°3.5'N, 1°27.7'W)
The vertex 1 on the great circle track
No. Latitude Longitude Course Merecator distance
F 33°51.5'S 151°13.0'E 103.3° 482.2'
1 35°42.6'S 160°41.8'E 97.7° 482.3'
2 36°47.3'S 170°31.9'E 91.8° 482.3'
3 37°2.5'S 179°27.8'W 85.8° 482.3'
4 36°27.3'S 169°30.1'W 80.0° 482.3'
5 35°3.6'S 159°47.4'W 74.6° 482.2
6 32°55.3'S 150°29.2'W 69.7° 482.2'
7 30°7.8'S 141°41.3'W 65.4° 482.2'
8 26°47.2'S 133°25.0'W 61.8° 482.1'
9 22°59.6'S 125°39.0'W 58.9° 482.1'
10 18°50.5'S 118°19.5'W 56.6° 482.1'
11 14°25.1'S 111°22.0'W 54.9° 482.1'
12 9°48.0'S 104°41.0'W 53.8° 482.1'
13 5°3.2'S 98°11.2'W 53.2° 482.1
14 0°14.6'S 91°47.1'W 53.2° 482.1'
15 4°34.1'N 85°23.3'W 53.7° 437.0'
T 8°53.0'N 79°31.0'W
The total Mercator distance is 7669.5'
The difference between great circle and Mercator distance is 34.4'
Increasing rate is 0.45%
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