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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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Navigator

NavPac NGA

GCS_Vertex

NGA

1 Port Elizabeth( L 34 02.0 S , 25 30.0 E )

Laccadive Sea( L 8 09.0 N , 78 06.0 E )
[1]

[ ]

1.

2. 10

[ ] GCS_Vertex

[ ]

1. 5 2

2.

(1) GCS_Vertex NGA
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5 GCS_Vertex ( 1)

2 GCS_Vertex  ( 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 59.0° 242.6' 

1 31°57.0'S 29°36.7'E 55.4° 641.1' 

2 25°52.8'S 39°36.7'E 51.1° 718.0' 

3 18°21.5'S 49°36.7'E 48.0° 788.1' 

4 9°33.8'S 59°36.7'E 46.3° 831.1' 

5 0° 0.0' 69°36.7'E 46.3° 707.2' 

T 8° 9.0'N 78° 6.0'E   

The total Mercator distance is 3928.1' 

The difference between great circle and Mercator distance is  14.0' 

Increasing rate is 0.36% 

(2) NGA

GCS_Vertex

(3) GCS_Vertex NGA

3. NGA GCS_Vertex
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4.

(1)

(2) GCS_Vertex NGA

5 14

0.36%

2 Land’s End( L 50 04.0 N , 5 45.0 W )

St. John’s ( L 47 34.0 N , 52 40.0 W )
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1. 6 3

2. GCS_Vertex

NGA NGA

GCS_Vertex

3. GCS_Vertex (51°25.4'N, 23°25.0'W)

3 GCS_Vertex  ( 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°37.7'W 279.2° 300.9' 

2 51° 9.0'N 15°25.8'W 273.1° 300.9' 

V 51°25.4'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.

NGA GCS_Vertex

5

5.6 0.30%

[1-6]

GCS_Vertex
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