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ABSTRACT

For the safety of navigation, it is better for the duty officer to spend most of the
time and effort on watch-keeping on the bridge rather than working in the chart
room. The process of determining ship’s position via traditional intercept method
calculating and plotting has always been considered a complex and time consuming
task. The motive of this research is to show that the vector solutions via computer
computation can perform better than the traditional calculating and ploiting in
determining ship’s position.

The paper first explained the principle of the intercept method. The
mathematics model of the intercept method was implemented by the vector method.
Simultancous equations from the vector method were induced then solved by Gauss
elimination method to obtain the ship’s position. The mathematics model was then
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implemented through observations of two and three celestial bodies to determine
ship’s position. Finally, four cases were discussed to compare the differences in
latitudes, longitudes, and distances between the readings obtained via traditional
calculating and plotting and the results obtained from the present study. The
comparison shows that there is no significant difference between the results
obtained from the two methods mentioned above. Conclusion is drawn that the
vector solutions via computer computation in determining ship’s position performs
better than the traditional calculating and plotting with the benefits of saving time
and reducing possible personal errors.
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DUSREOAT 5 ARAse et TR R DUBIIR B RE (Observed Altitude, Ho) Nf2
FI P = AT S RECK RS S8 (Computed Altitude, He) B R¥EHRGRIA

( Computed Azimuth, Az) i3k Ho Kz He 7= f5#E (Intercept, a) » T RARRH
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it T AR UM PR AR U DU AT Bl 2R > FRTERGIE RN ST, -
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Lat 8L BRI SR A AR RS (Latitude) ©
{ F4f (Meridian Angle) -

Dec REES A (Declination)

N dL(North)

S F§(South) °

HH ' KKk ZEHE(Celestial Horizon) °

9]0 KA (Celestial Equator) °

Pn KAb#r(North Pole) ©
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Na A AR R R (Nadir) -
X K -
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R = £ Pz T PRI = fviep St ™

c0s BX = cos PnZ cos PrX + sin PnZ sin PrX cost
DX Fe R TEIR(ERETRD)
Prz geasiire
Brx Setain
(RFF
AT (DR ©

sin H =sin Lsin D +cos Lecos Dcosf (1

HERIE
L 2B PR AR
DRI
FRAL 0 D 2R NNorth) B IE(Plus) » S(South)F & (Minus) » i 2 5F
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FAPHER AR (Pour-part Formula)s H5i75 Az » HI2)HTR:
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fan Az = , 2)
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LIl FIAIQ)=eZ RS R T R T (LA Az

sint cos D
cos I{ ©)

sinAz=
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ABHARR Y H BRBEEIEEE (Computed Altitude, He) -
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REEZ RIGE BRI R EE - BRIIF e KGR R ~ HEREL
Yo WABINITE ¢ < AR K EIUFIATRAIIRG (Sius) % 173 fEER "
FHEREIRE PTG > 18] 2 B

2 FETHE AR, -
X FER R E(GP) -
Ho £AHZHIE -

BRI (A Bk T L RIRR ( Celestial Bodies) » Fll{ A BETE RE S
HFHCRIESLOP) & BIFRAIE 2 :

Celestial Body

a(Toward)

a’ (Away)

2 R B A L BRI

FiiE] 2 FIBRHEE PR /5L X AL (G POESEND » ZX B, 2 XCKHER BERER =
IOV EPRATERE {2 BN (RALER - Circle of Position) I » HUfiEE IR
B I EEE . — A B AIE AR (Line of Position, LOP) ¢

7 W 27 RENIE AT L K IEFER B EAAE LOP | o BUTHAHER AR (Dead
reckoning, DR) 7 {7 (Assumed Position, AP ) » AP MEHVSEL DR 7 #&8 -« &
JEANE M 30" B HIHEIR T A DR £ AP -

Ho (Observed Altitude ) FRBHRIFHE EAMAITE . AHsENIEE -

He LU AP BR{Ffr e RigaTAEE -
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a=APZ(Away)

a=APZ(Toward)

X(GP)
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b2 B - FILARATEG ESR (LOP) B3LLAP > Zn Jr a g a' fE—BEEREE
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AT ERA RIS 22 BB 6 AR A e SN A AR - 28 DR IEHGZ
PE¥E » DIESEAROL R BB 2040 i S5 B E A2 6% (Appendix of The
American Practical Navigator)'” : Wii=#& 87 ( Meridional Part, M) » i SKEHR
EMFE {7 (Difference of Meridional Parts, m)  F¥EMREEE 1° EHFETA
43 BEREL 60 (1° =60") FR{SEIE Il m o AIEIRKEL &R 1°RE B
HLA 12 0 Ref@ e 60" FE - Witeied LOP I o) RUTG (E(l FH SRl feag LA Ay
BATREGEIE a ZHREE » BROEREE B R TR EE A -
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N
Latitude + ? Latitude +
Longitude - Longitude+
W o » E
Latitude - Latitude -
Longitude - Longitude+
S

4 BRI AR RS Latitude » )% Longitude)

AHrFES BILMRIARIEM R (N) - RS (E) (BB TR - i
(N) PR (W) (EE2ZfR) -« maf& (S) ~ PERE (W) (B3R H
RifE (S) AR (B) (R4RIR) - MIREEAMERHAECRTAIE 4 At

7]7\‘ o
B/ MBI RIS y il JFORG ~ o/ M RERE RE MRS x e JC6 - 504

#—HR DR 74 Latd5°10° N, A30° 00° E > HIFEEAEETELS Lat45° N, 230° E
#5—Mf DR iZfA Lat28°04.5' N, 242° 31.8° W » HI[EfZ I ELES Lat28° N,
3" W

LR B R Y

y (Latitude)

FolXo 20)

a
B P (x,y}

» X (Longitude)

5 FRERTRZ AR AR
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North
A

/n
a B
» Hast

A

6 RS E (Intercept Vector)
e 5 LEl 6 Fiow

Xy =x,+4 @
yO - yp + B (5)
x, FYBERRANT AP & x A -

v, FAREEANAL AP (2 y BB -

x, SIERBEN R 4 2 SISORAT IR LOP Tl x JiA -

Y, RS d 2 BBk Bl B AR LOP T2 /g .7 y A »

A B FABRIT R 6 2 AT

B mElib g d v mE S -

LOPX LPP2 &L

E:(x_xe);“*“(J’“yo)j 6)

iR B0 (Zn) a= e [ & (Intercept Vector)
EH @ 6 FSEER U R K P B A AEFTR » BESR B AE)T

A=asinZn 0

53




E R F A% Hof REAATAENH

B=acosZn ®
wn s a
d=Ai +Bj ©)

Line X = [ I B e B n
Lla
Led=0 (10)

B (OB OAAQOTEAT D

Ax+ By = Ax, + By, (11)
i
C = Ax, + By, (12)

SUSRIRIE Py (g, o) hZTELAR Line X AN(13)z0A7R

Ax+ By =C (13)

S48 1 (Star DFTSHIEIEARKL APL » J01£ Znl » B G, FITESREARAIE
A L, (LOP DA 4RI » 48 2(Star DFFEIEMERARGL AP2 » Fifiify
Zn2 > TR0 a, FTEERRAGLE R L, (LOP 2101 S\ » AL 3(Star 3)7
SIS ARG AP3 » 77 Zn3 » AR &, TR BRI AR L, (LOP 3)RIL
(ORFFT -
TR 22 B
R Y i 3

R R AR )t MRS | SRR - TRERTA
2 RIS -

Star 1: LOP 1§ Ax+By=C, (14)
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4.3

BREERERARZGERE

Star 2: LOP 2 Ax+By=C, (15)

SRR A4 R (15) AT B 2R KR s iT RIS < R Bl sk
(Gauss Elimination Method)™ o (14)Ez(15)Z IEAERIFT sk 22 #5571 (Vessel
position 1).Z A (X, 1)) - RHEERHIG 2 AT EAS IRV LOP 1 B LOP 2 &2
BERNESFTRZMROT (X, L) -

WO = R R 315

Star 1 LOP 1 Ax+By=C, (14)
Star 2: LOP2 A, x+B,y=C, (15)
Star 3: LOP 3 Ax+ By =C, (16)

ORI MR A2 (14),(15) B (16)7 2 = Al R s o AU (14) B
Sy A ST T 45— % > BILOP 1 ¢ LOP 2 2328 -

BN(15) Fe( L6y fiel iR oL < A RIS » B LOP 2 J LOP3 2%
B > RIFTSRIZIRAL 2(Vesscl position 2)iZ JEAH (X, 1))

HR(16) S (14yef it A= TgaT o A H g affS LOP 3 K& LOP 1 232K I
fREA TR ML 3(Vessel position 3);7 JEE (X,,Y,) o

TRERAAT (X, Y,) N =B 9 7y R (I8) RFTR -
YV=§QQ+X,h&) a7n
E:%m+n+n) (18)

WS R iR 2 B
AMFPERI =B PR s ST AR 4 S 2R MR e
AoRFEE -
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Star 4: LOP 4 Ayx+B,y=C, (19)
RS L B LA, ¢

TEQIRF I AR R R - KRR < AP ARG ~ W TR
W AN » IF AP > Zn Bz a A > 67508 a 1 Toward B¢ Away 3ERY » 2
IR ) S DR EE K22 LOP ik 5Ea » DA 4 LOP i
PR ARG - RS EET R NG - RS0z
FLHAR A 7 Flia o

LB AGS AR N R AR
BT al» 8 al

2 NG R R Zn

3. AN — RIS R

l

2. RIS AR P A SR
[EAp it

L BHE(12):02 ClE
2. ZHAR B THAFTIES B
AR BT R

R AR R R — L R ML
SRS ARG

Lﬁ%ﬁ%%m

Y

BHAR L J

7 MR TR RO
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15~ RIEEMAZ GBS RETHAZXMHZ L

BT ANT S 2 U B AT T i R B — R ﬁi’ﬁ’[ﬁi@ﬁﬂﬁﬁ 1 BT E
5 — 243 (North East)» — 42 (North West)» = 2R (South West)2A S 2 VUZR(South
East) VO sfR g esEs] -

AT PG RE R RE T 2, 0 — RSB » TR
e R AT  E RLR A TEMSAS FBEAR 0T W RI938 AP ~ a e Zn 58
(R B G AR » T G (I e P R i — R R R
wepEET AP AES o PULATER RIS, AP 3¢ LOP 4RI ~ ATBLREMET S LI
A AERTSRINGL - AN 2 55 5 PREZAITR &« R BRAIERRS UK
I ~ OB, B AR R R RIS HE BT 2 AP JRHER AR alah -
FEAFEH AP BIEM G T A AR A B ISR SR AL A0 -

=
FRRECEATINEE— SR LR (ND ~ R (E) )

—) 0616 DR {54 Lat45°10°N, A30° 00'E > fififfg C 180° - #7381 20 #J » BRALK
SRRk 1

72 EP— IR E R

K& (Body) Deneb Antares Vega
FREEE (ZT) 06h 09m 04s 0Gh 12m 05s 06h 16m 025
(0616 ) NEHHEAE al. 44° 575N 44° 587N 45° N
(0616) [HE#A8E ak 30° 48.5°E 30° 524°E 30° 564'E
KEBE 5 Zn 066.4° 181.0° 095.1°
#E a (Minutes) 6.8 Away 9.8 Toward 8.5 Away

RHN 0616 252 (Fix) -

1. EERLEE R AT
Lat.44° N M44=2929.8
Lat.45" N M45=3013.6
WRBEHENE m=838
LEEEE 1° =8.6cm BIfEAF 1° =8.6cm + 60 x 83.8 =12.01333¢em » HY 12¢m »
0616 2B (Fix) : Lat44” 49.0'N, A30° 434'E
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T

L err

[
oL
”

5% \ 9%

L
Antapps otk

0lL Fy s L 24 UTo A
A wieler IS 1‘
E

..

w40 gty

& 8 fiRfidfE | 2R (North East)
2. EENSRE=CET B AT

A3 EPI—EINE GRS R

ltem Latitude (Minutes ) Longitude (Minutes )
LOP 1 & LOP 2 49.02994 44.86714
LOP 2 &.LOP 3 48,99474 46.88406
LOP3 & LOP1 45.19053 46,544 54
Average 47.73840 46.09858
Position 44° 47.73840'N 30° 46.09858E

E 3/
AR B IR (ND ~ PR (W) )

-~y 1740 DR fi7 % Lat28°04.5'N, 242° 31.8°W > fifijm) C 100° » ik 12 £y > B
KA

F 4 1 P HRRR IR

K8 (Body) Formalhaut Deneb Aldenbaran
B (Z2T) 17h 39m 18s 17h 40m 563 17h 41m 39s
(1740) {8 al 28° N 28° N 27° 59.9'N
(1740) {FHEGERAT ak 42° 31.7'W 42° 200°W 42° 2277w
AESEL L7 Zn 210.0° 308.7° 089.3°
flip a (Minutes ) 5.0 Away 6.0 Toward 6.0 Away
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Y 1740 25847 (Fix) -

I fgllEfea
Lat28° N M28=1740.4
Lat.29° N M29=1808.3
m=67.9

spameEr 10 = 10.6em  HEE 1° = 10.6cm/ 60 x 67,9 =11.99567cm » HY 12em -
1740 75207 (Fix) : Lat28° 06.6'N, 242° 32.I'W

43w 42

p
“h b

K - 2%

1790F5c Lok, 28°c8l58
A 273w

Aldenbaran

£ (30 ‘ 43w

Bl 9 Afiide 2 ZfR(North West)
2. TERSEAREELATT
# 5 Ep B AT EASR

Item Latitude ( Minutes) Longitude (Minutes )
LOP1 & LOP2 5.91669 -31.94792
LOP2 &LOP3 0.81888 -28.82168
LOP3 & LOP 1 4.07122 -28.75145
Average 6.60226 -29.84035
Ship Position 28° 06.60226'N 42° 29.84035'W
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=
BRI = IR GEAE (S) ~ PHRE (W)

—fi 1800 DR fi7J/A Lat35°13.0°S, 24° 40.0°W » 4 C 220°

» W18 - B
KEERR T
7 6 ¢ ZHIZBRHERHEER
FKHa (Body) Altair Peacock Spica

BRI (ZT) 17h 57m 52s 18h 04m 02s 18h 07m 21s
(1800) &% al. 35° 00.5'S 34° 59.1°S 34° 58.4'S
(1800) {HELALIE a) 4° 21.1'W 4° 13.1'W 5° 06.5°W

KEE 0L Zn 038.7° 142.8° 273.3°
R a ( Minutes ) 22.4 Away 9.6 Away 15.2 Away

SKEV 1800 2 Efir. (Fix) o

I AR
Lat35° N M35=2231.1
Lat36° N M36=2304.5
m="73.4

LEERET 1° =9.8em  HFRE 1° =9.8cm /60 x 73.4=11.98867cm » {¥ 12cm -
1800 Z %27 (Fix) :Lat35° 10.1'S, 24° 49.0'W

5%

3¢5

S 40

10 Bz AE 3 SR (South West)
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R 7 KO RIS R

HEEARMZHERS:

Item Latitude ( Minutes) Longitude { Minutes )
LOP1&LOP?2 -10.67422 15.77330
LOP2 & LOP3 -16.83060 7.66257
LOP3 & LOP 1 -4.,73505 8.35999

Average -10.74663 10.59862
Ship Position 35° 10.74663°S 4° 49.40138°'W

EPIY :

RAMAEALAYEETIRIR(EAE (S) ~ HAR (E) )

—#5 0515 D.RAHA Lat35°09.2°S, A19° 13.7°E s ffiifa) C 176°

> i 14.5 B 3

BB
#* 8 EHIUBHER SR
RS (Body) Antares Acrux Regulus
ELHIERRY (ZT) 05h 15m 00s 05h 19m 00s 05h 25m 00s
(0525 ) {REG#&FE al 35° 024°S 35° 014'S 35° 00.0°S
(0525) {EEGHEIEE ad 118° 56.2°E 119° 18.0°E 119° 27.9E
KiEE F{ Zn 093.6° 189.5° 311.0°
#E a ( Minutes ) 20.3 Toward 18.1 Toward 7.6 Away

AKHY 0525 2 %ENL (Fix) o

L SEERTE

SRR 1° =9.8cm

Lat.35° N M35=2231.1
Lat36° N M36=2304.5

m=73.

4

0525 72 (Fix) @ Lat35° 19.7'S, Al19° 194E
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1

365

0525 Fix: Lak 350% 5
A i E

U ARAE 4 SB(South Bast)

o EEHEAE CET A
9 1 ZPIMEIE RS E
Item Latitude ( Minutes) Longitude ( Minutes )
LLOP1 & LOP2 -19.32621 1547515
LOP2&LOP3 -20.16077 20144439
LOP3 &LOP1 -20.38811 15.03104
Average -21.95936 16.98353
Ship Position 35° 21.95936°S 119° 16.98353°E

ARAASIEPERLT TR IR RS » (RS iRy
BIPRAE 2 K SCRHERRECRIANGL » PA-— (A H B T B 3 B0 4 MERH
& B 12 315 S04 DA—RER AR 24 &)
WOEE R ARNATBIEEE 4.8 3 6 M - BRI T 2 E AT BIEAATS S B
PRI TAE - M ST 5 AR TR AT » BRI S M BB NN 2 4
SRR Rty o A S DS SE. B8 > RIBEETE ~ [0l ~ (FEE & S B A
RS A AR AR I BT BRI 7 DA R A 5 T
KRR -

IR HHET ARSI 5

M~ S RMHW
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BB R R R Al 2 6 B ARk

AFGEAARAE 2 PR AP ER G S » 4 e DU A BRI
(7 3 P DA BT B BB A SRS A S A AR L =

AT R AR RAR AT A SO BRI 10 258 13 fior RPN g

BB TE R AR RGO AR I - WA AR 22 DS (Minutes) 7R
TR B2 Y R DA TR

E I

FORPOCEAZRES —RIRALRE (ND ~ 3R (B)
#% 10 © ZB1—FaEn A IR IS BAR AT AS SR

Item | Position Latitude Longitude Distance difference
® Plotted | 44° 49.0'N 30° 434°E
@ | Computed | 44° 47.73840'N | 30° 46.09858°E 2.3 Nautical Miles
® O-@ 1.3° 2.7

FH=

AASAOZEA R —BURALE (N) - B (W)
& 11 2z AR A SR N G SR (A R

Item | Position Latitude Longitude Distance difference
D Plotted | 28° 06.6'N 42° 32.1'W

@ | Computed | 28° 06.60226'N | 42° 29.84035'W 2.0 Nautical Miles
3 O-@ 0.0’ 2.3

FH=

SARERZEGT A = SRR (S) ~ PEAR (W) )
12 ¢ AN ar B AR R SR A

Item Position Latitude Longitude Distance difference
® Plotted 35° 10.1°'S 4° 49.0'W
@ | Computed |35° 10.74663'S | 4° 49.40138'W 0.8 Nautical Mile
® O-©@ 0.7’ 0.4’
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i E 20 FHAE Fo8 RBAALTAFEXRA

FHIY
IRAAACEA AR PRI (8D ~ TG (E) )

# 13 © =PGBI A BRI G R ARG R

ftem Position Latitude Longitude Distance difference
® Plotted |35° 19.7°S 119° 194°E
) Computed | 35° 21.95936'S | 119° 16.98353'E 3.0 Nautical Miles
® O-@ 23’ 2.4

utm@m e S AP i beR W vy e o R R AL e

ZAMRARGIAIRG 23 1~ 2.0 7 ~ 0.8 3 ~ 3.0 » FvhE 0.8 W - FARRS 3.0 # -
R INGGE 2 22 R DO R g Sings - HRe 4 FRIR T &30

Fira -

P2 RIS > RS SRR -

FE TR AR RE LR IENE -

(LER A RPN ENE -

(VBRI -

PR EROR TR -

TR RER A R -

SRR R LR EAR -

HIBR ARG FRNAE ~ AT IERE -

FRIEISEAL > SE AR -

10&% A5 e B G NI

ERIFS b3l B AR IR ARy P B 2R AR o D PRI 7 2 TR R T B B 2 e pi

Pt

e R R e

o

<5 SRR T B (7 s SIS » HERE B (AR HR
AR T R AR IIN G TR RS A R 2 BT BATEZ,2. GPS il
RAEESLER] - (R R SRR AL TS - ARSI

— » GPS ¥ T THeREA T R - EERTAT - ARANTE B A e
B S ORI IR S R T R T TR SR R R
e BEEARBR PG RINIR G AT B SRR - SR E e W TR
B (Port State Control, PSC) Il B AR SO AR 5 Ey A sE H
A

64




BIEZRE A ERE

» ARG T R AAGE RN AL T IR I RolE SR T R R s

TR WILUARTATEZ PR AR AT DUR G T SR (L L TR DARTBEARAL - FEAFAT
17 BRI R R i A B ISR S AN L - ARyl SRty
GPS MRprAARLEE - IIbAMERER ST 28 - WG A BRIR - $58
BB AR AT (STCW) BOR » RIS AR HRY -

« AT BER 7 ERRI S RS PERE (IMO) il - B HayEl OREE

(PSC) ZHER » MR B 2 4 Bl ER L EY -

FWRA
A HERRS (Away) ©
AP TRALE -
Az KRB (Azimuth) e
a ' T -
al, RS
ai TREEAR
a FYRENETAS
Dec 8% D Reg7rig (Declination) »
DR WERLRAL -
o East BLZHH%E -
GP Kl R o
H FHEEE (Altitude) -
He KPS [ (Computed Altitude) »
HH' K AR (Celestial Horizon) »
Ho K= RS (Observed Altitude) e
H'X B Lo KRS -
hins B o0 B
Lat 8L HHI SR TR (Latitude) »
LOP (i ##(Line of Position)
M W5 i (Meridional Part) -
m WA B 2 -
N JbWorth) -
Na TR BRI P ER R EA(Nadir)
Pn b4 K LAi(North Pole) »
Ps FREE A B South Pole) »

65




i F 7 FHA%E £l RBATAFERA

o0’ KRB H(Celestial Equator) »

S FE(South) »

T [F) A B (Toward) ©

f FIf (Meridian Angle) o

W PH(West)

X PN

X, BURE a U BRELAG E A LOP HR{E2 x JHEASE
x, TR AP 2 x PR

% A @ SR, LOP L2 y Mg
Va BRERAIE AP 2 y PRI

Z LR B AL AT/ K THER(Zenith)

ZD (or Co-H)  KIAMESGREE

Zn REESE L -

A B (Longitude) »

%4 UK

Cutler, Thomas J., “Dutfon’s Nautical Navigation ”, 15th edition, Naval Institute
Press, Maryland, pp. 201-214, pp. 319-340, 2004,

Bowditch, Nathaniel ,“The American Practical Navigator > , NIMA, U, S.
Government, pp. 217-315, pp. 667-670, 2002.

Coolen, Edward J., “Nicholls’s Concise Guide, Volume F’, Brown, Son & Ferguson,
Ltd. pp. 651-686, 1987,

Bowditch, Nathaniel, “The American Practical Navigator, Volume I’, DMAHTC,
U. S. Government, pp. 355-478, pp. 539-643, 1984.

EfmLL - HVgER SN > 2EER > Bdb > pp. 50-71, 2003 -
RS » RS - IR HRkR + 548 > pp. 31-55, pp. 263-280, 1998 -

Chen, C. L., Hsu, T. P. and Chang, J. R., “A Novel Approach to Determine the
Astronomical Vessel Position,” Journal of Marine Science and Technology, Vol.
11, No. 4, pp. 221-235, 2003.

Pepperday, Mike, “The Two-Body Problem At Sea,” The Journal of Navigation,
Vol. 45, pp. 138-142, 1992.

Chang, J. R., Chen, C. L., and Hsu, T. P., “Responses to Comments on: A Novel

66



10,

11,
12.

13.

AR R R A2 B B MR

Approach to Determine the Astronomical Vessel Position,” Jeurnal of Marine
Science and Technology, Vol. 12, No. 2, pp. 128-131, 2003.

AR > RAORE AL L ST ERIGRER - B GNP RS20 R L
pp.1-15,2007 -
Her Majesty’s Stationery Office, “Nautical Almanac for The Year 1998”.

Yakowitz, Sidney and Szidarovszky, Ferenc, “4n Introduction to Numerical
Computations”, Macmillan Publishing Publishers, pp. 47-73, 1989,

Hildebrand, Francis B., “ddvanced Calculus for Applications”, Prentice-Hall, Inc.
pp. 269-293, 1976.

67




