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The great circle arc is the shortest distance between two arbitrary points on the
earth’s surface. To solve the problem of the great circle sailings (GCS), finding the
waypoints along the great circle track is the most important task in open sea sailings
of voyage plan; however, this conventional computation procedure is not only the
tedious process but also many artificial judgments needed in calculation. In addition,
no similar GCS computational programs are found currently. It leads to the
motivation of this paper. Based on great circle equation method (GCEM) in
conjunction with Napier’s rules of right-angled triangles, including determinant
formulae from “sandwich theorem” concept, the integral computation procedures
are proposed and then, the Graphical User Interface (GUI) built in the MATLAB" is
adopted to develop friendly conventional GCS program, namely the GCS Vertex.
This self-developed program is validated with several examples presented in

available books.

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

n
v =lp (16)
Dvx,. = (Mg, +1)* Dyy

AR (142) RIGE I FIRHRE AL > f1LA(14b) k2 (15b) » SRIGRHEFEREFEE -
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M =a, -In[tan(45° +—) x ( -
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> e

l
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Lo A Ly~ A~ Lo A Come dme
Dm~ diff~ Inc

N
Stop

4 GCS_Vertex f2z0.Z FTRUAE E

2. ZEIREEHEE(dm) -

l-secCm > Cm=#90°
"= dlo-cosLy > Cm=90°
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NavPac AN ZELATHBESEHE IRASE M ST NGA B REITAER T /R8s i 22
WL > PR T 32— talgiss o JRRIIRFERT T GCS_Vertex BEZURFTSAYITE TSR -
FREEMIE S A ek ¢ I > FHH NGA R iR e —— L3
R ARG I 28 FRAirg B FLERE

BIRE 1 : FREHEEFERY Port Elizabeth( L 34°02.0'S, A 25°30.0'E ) » LUK BN T B FIEE
R Laccadive Sea(L 8°09.0'N , A 78°06.0'E ) -

[H3K]
L REEHIERAUEEAZ - ARSI EREE R O ~ THRL S RE R (L

2. DUBERSRELE - GIRREEE10° > SRR BRI R AZE - S AR 2 7%
BRI ZE IRALIFO AT B -

[F15] $fT GCS_Vertex F2x( -

[ AR ]

L BRERGRANE 5 o > HEHRAS R AR RN E 2 -
2. KRB HAZR

(1) KEBlEREE R AR © ASCH) GCS_Vertex 22\, » FRiE S NGA HYREIfiE LR
A ZAERREARSE A
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e e e Sahng fom Vet
Cwparian  Lattiuds
k i W
Longitsdo -
E ZRE [
__,:_ZIKE uﬂ L~ .
Demnanoes  LEnsds 3
Longhuie E DWW
RN Lia v by
A (om0
LA == » = Eusl DLo = Dio
WAGTEIERE —»

BT —

Egus G0 Anieds

[Eoimgus

5 GCS_Vertex FE U HR/ERTR(PIE 1)

7 2 GCS_Vertex FEAGHRAGR (BIE 1)

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 great circle distance is 3914.0'
The great circle initial course is 60.0° (S119°59.9'E)

The vertexes out of the great circle track

Increasing rate is 0.36%

No. Latitude Longitude Course Mercator distance
F 34°2.0'S 25°30.0'E | 59.0° 242.6'
1 31°57.0'S 29°36.7E | 554° 641.1'
2 25°52.8'S 39°36.7E | S51.1° 718.0"
3 18°21.5'S 49°36.7E | 48.0° 788.1"
4 9°33.8'S 59°36.7E | 46.3° 831.1"
5 0°0.0' 69°36.7E | 46.3° 707.2"
T 8°9.0N 78° 6.0'E
The total Mercator distance is 3928.1'
The difference between great circle and Mercator distance is  14.0'

(2) THEMIE © NGA RUREfTE A MEE T

ABHRREEIR T2 —talek )

B ASLHY GCS_Vertex B2 Frat AR TR AL - FGARAERSAH

(3) EFRERALE © [F]E > A GCS_Vertex FexUATaTHURGR > DL NGA BRI
LHEAERH TR Rk o B AR

3. FUETERIE : NGA KRB iE EAEEFE » ARTTASLHY GCS_Vertex 12

A o LS Ry i TR AR L -
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4, s BEATE K E RS B ) B FC PR

(1) e EAIE - B3R Tk o SHREAE RIS

(2) ZRRMA 2R FCIERE © $T GCS_Vertex FEUATARYEAEE - DL NGA 128 K
EZRER > BAGTE > WFHA L > ZE RS A - shot > Bl
FEERANT » BRICE 5 (R - B HZS R REAE MR R B e e i T 14
TR TRERE RS 0.36% -

BIEE 2 © H P A ERSTE Land’s End(L 50°04.0'N , A 5°45.0'W ) » LUK BT TR
DA HIAIZEEE St. John’s (L 47°34.0'N, 4 52°40.0'W )9

[A3K]
L REEHIERAUEEAEG - AT R o ~ THRL SR RE R (L

2. DAJHEGFREEYE - 490750 (300 ) » SRR BB IE - RS rRi . C £
A AL FDRTIZS QR -

T
Wl

6 GCS_Vertex F2 U PEAS R (B 2)
[FIH5] #T GCS_Vertex F£=H -

[ R B ]
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1 B RS BT BRI EN - o HANEl 6 Fiom Bk 3 -

2. RIEMFRZFEAEA KBS LA - A5 GCS_Vertex FEzUBA TR
NGA WK TEE - ZFHFETERIRTRIIMEA © WIEEERILL NGA #yR
ik RSt R T E R ) LB TR GCS_Vertex A MEIMER ¢ 3t
PREN S SRR -

3. DIAZCHY GCS_Vertex FEFIE + [HAL(S1°25.4'N, 23°25.0'W)LE R SIS [ -

7% 3 GCS_Vertex FRGTHRAGA (B 2)

The great circle distance is 1829.0'

The great circle initial course is 283.7° (N 76°16.5'W)

The equator crossing point :

Nil

The vertexes :

1.(51°25.4'N, 23°25.0'W)

2.(51°25.4'S, 156°35.0'E)

The vertex 1 on the great circle track

No. Latitude Longitude Course Mercator distance
F 50°4.0'N 5°45.0'W | 283.0° 74.2'
1 50°20.7'N 7°37.7W | 279.2° 300.9'
2 51°9.0'N 15°25.8'W | 273.1° 300.9'
\% 51°254'N 23°25.0'W | 266.9° 300.9'
3 51°9.0'N 31°24.2'W | 260.8° 300.9'
4 50°20.7'N 39°12.4'W | 254.9° 300.9'
5 49°2.2'N 46°40.2'W | 249.8° 255.7'
T 47°34.0'N 52°40.0'W

The total Mercator distance is 1834.6'

The difference between great circle and Mercator distance is 5.6'

Increasing rate is 0.30%

4. HEFEIEM TR AR ) RCE 5 TR e B R 28 ECA e s R HI LA
NGA HYREMIE ARl - WA R RGEE A GCS_Vertex F2z(AYILRE
VE o SSULBIRE - BRERG - THEL R BAt - REslis EatA S e sh - 28 KeE
AR LK PR AR EEG N 5.6 Vgl - BEEENRAIES 0.30% -

HE L T B FEE R EN] R ERESI R TR

Btk ) ERARACHY GCS_Vertex FIst » AEFSAIEEHLTER -
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