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Tom tit

Xac dinh vj tri tau bang phicong phdp thién van
mdc diu c¢é do chinh xdc khong cao nhung la
phuong phdp cé tinh déc ldp, dac biét khi hang
hdi xa bo. Trong xu hwéng hang hdi hién dai, trén
tau sé trang b; hai hé thang théng tin va hién thj
hai dé dién tir (ECDIS), do vdy xde dinh vj tri tau
bang d¢ cao thién thé sé la phirong phap dir phong
chinh. Trong trrong hop ndy, yéu cdu vé dg chinh
XAac cua vi tri thién van sé khong cao nhu khi dwoc
sir dung lam v; tri ddn dwong trong cic phwong
phap hang hdi truée day. Phwong phdp truyén
thong, si quan hang hai sé do dac, tinh toan va
thao tdc dwong Vi tri thién van dé xdc dinh vi tri
tau trén hai do. Hién nay, da c6 mét sé nghién cizu
dé xudt phwong phdp gidi bai todn thién van xdc
dinh kinh vi dé vi tri tau #ng dung céc thudt todn
phU hop. Tuy nhién, méi phwong phdp déu c¢é wu
nhirge diém va tinh ing dung nhdt dinh trong thiec
tién. Bai bdo dé xudt phirong phdp tim kiém gia
tri binh phwong nhé nhat hiéu dé cao thién thé dé
xde dinh vi tri xac sudt nhat.

Tur khéa: Phurong phap thién van xdc dinh vi t’r|'
tau, hiéu do cao thién the, binh phurong nhé nhat.
Abstract

Although the ship's position by the celestial
navigation fix method is not very accurate, it is an
independent method, especially when navigating
on the open sea. In the modern maritime, the
ship's position by celestial altitude is the main
backup method because the ship will be equipped
with two the Electronic Chart Display and
Information Systems. For that, the requirement
for the accuracy of the astronomical position will
not be as strict as used navigation in previous
navigational methods. In the traditional
navigational method, the officer of watch must

measure, calculate, and manipulate astronomical
position lines to determine the ship's position on

the chart. Currently, there have been several
studies that used appropriate algorithms for
determining the ship's position by the
astronomical method. However, each method has
certain advantages and disadvantages and
certain applicability in practice. This research
proposes a method to find the minimum squared
value of the difference of the celestial altitude to
determine the ship's position with the most
probability.

Keywords: The celestial navigation fix method, the
difference of celestial altitude, least square method.

1. Pat van dé

Hang hai din dudng ngay nay chi yéu st dung cac
hé théng dinh vi vé tinh nhu: GPS, GLONASS,
GALIEO,... Tuy nhién, nguyén tic an toan hang hai
bao gio ciing can ¢ mot phuong phap xac dinh vi tri
tau dy phong cho céc truedng hop su ¢ bat thuong trén
bién. Hoi nghi ciia T6 chic hang hai qudc té (IMO)
nam 2010 tai Manila, Philipine ban hanh sira d6i Cong
wdc Qudc té vé cac tidu chuan huan luyén, cip ching
chi va tryc ca thuyén vién (STCW 78/2010), trong d6
tiép tuc nhin manh tam quan trong cua viéc dao tao
va huin luyén kha ning xac dinh vi tri tau bang
phuong phap thién van [1]. Su tiép tuc nang cao yéu
cau vé kién thirc va ky nang xac dinh vi tri tu bang
thién thé xuat phét tr xu hudng cac tau s& trang bi
ECDIS thay thé hai do gidy truyén théng. Truong hop
tau hang hai xa b, vi mot ly do khach quan hay cha
quan dan dén khong thé nhan duoc vi tri vé tinh, si
quan tryc ca phai quan tric thién thé dé xac dinh vi tri
tau. Tuy nhién, do 1a phuong phap du phong nén yéu
cau vé do chinh xéc cua vi tri thién van khong cao nhu
khi dwoc str dung la vi tri din duong co ban truge day.
Dé c6 thé xac dinh vi tri tau bang phuong phap thién
van nhanh chéng, han ché anh huong cua sai s vi tri
dur dodn, bai bao tap trung giai quyét mot sé vén dé co
ban sau:

- Co s6 ly thuyét cua viée xac dinh vi tri tau bang
phuong phép thién van,;
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- Banh gia do chinh xac cta vi tri du doan;

- Tinh toan gia tri binh phuong nho nhét hiéu do
cao thién thé;

- Xac dinh vi tri tu x4c suit nhat.
2. Co sé xac dinh vi tri tau bang phwong phip
thién van

Mot trong nhitng nhiém vu quan trong nhit cua
st quan hang hai trong cong tac diéu khién tau 1a xac
dinh vi tri that cua tau trén mat bién va thao tac lén
hai d6. Xac dinh vi tri tu trén bién 1a xac dinh kinh
vidé dia du (¢ , 1) ctia nguoi quan sét tai mot thoi
diém nhét dinh nao d6. Trong thién van hang hai, vi
tri ngudi quan sat dugc xac dinh bang cach tinh toan
vi tri thién dinh trén thién cau, chuyén d6i sang hé
toa do dia du va thao tac tryc tiép trén hai dd. Vi thé,
budc dau tién chang ta phai xét dén mbi quan hé gitra
toa do6 dia du vdi vi tri thién dinh ngudi quan sét trén
thién cau.
2.1. Quan h¢ gida vi tri tau va vi tri thién dinh
cdia vj tri tau trén thién cau

Hinh 1 biéu dién thién cau, tir vi tri tau M(g,,,
Ay trén bé mit trai dat, chiéu M 1én thién cau theo
hudng day doi ta dugce thién dinh Zy. Tuong tu, Vai
mot diém G trén kinh tuyén géc, ta c6 thién dinh cua
n6 1a Zs. Mdi lién hé gitra vi tri tau trén bé mat trai dat
va thién dinh cia n6 trén thién cau thé hién qua biéu
thire [2]:

EZ,, =eMva EjE=ese 1)
Hay:

Ow =07va  Jy =t0 g v

Véi:

e :lagiao cua kinh tuyén ngudi quan sat véi xich
dao,

ey : lagiao cua kinh tuyén gdc véi xich dao,

E : 1 giao cua thién kinh tuyén nguoi quan sat
voi thién xich dao,

Eg : la giao cua thién kinh tuyén géc véi thién
xich dao,

07 :laxich vi cua thién dinh nguoi quan sét,

t° : géc gio dia phuong cia thién thé C,

tg : goc gio thé gioi cua thién thé C.
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Hinh 1. Thién dinh cia vi tri tau trén thién cdu

2.2. Nguyén Iy xdc dinh vi tri nguwoi quan sat
trén trdi dat

Trén tau, si quan hang hai tién hanh quan tric do
cao (h) va phuong vi (A) cua thién thé, ddng thoi ghi
lai gio thoi ké T, . Gidi tam gidc thién van s& c6
phuong trinh duong cao vi tri [3]:

sinh =singpsin & +cospcosscos(tl +45) ()

Vai:

& : xich vi cua thién thé (tra lich thién van hang
hai véi dbisb 1a T, ),

t/ : goc gio thé gisi cua diém xuan phan  (tra
lich thién van hang hai véi déisb 1a T, ),

ty> : kinh d vi tri du doén.

Vé mit ly thuyét, & c6 vi tri tu phai quan tric
ddng thoi tir hai thién thé tre 1én. Hé phuong trinh xéac
dinh vi tri tu bang phuong phép thién van c6 dang:

sinh, =sin gsin &, +cos pcos 5, cos(t +A4;)
sinh,, =sin gsin &, +Cos pCos 5, CoS(ts + A7)

(4)

. e . i E
sinh =singsing, +cospcosd, cos(ty £ 4 )

Hé phuong trinh (4) c6 thé giai dwoc bing cac
phuong phap khac nhau dé xac dinh vi tri tau.

3. Phwong phap do giai

Quan sat hai thién thé C; va C; duoc do cao h,
va h,,dinhcy z va z, twongung tinh theo cong
thirc:

Z,=90°-h va Z,=90°-h, (5)

Mat cau tim c,, ban kinh 13 z, giao véi thién
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cau cho dudng vj tri 1a duong BB’. Tuong tu, mat cau
tam c,, ban kinh 1a z, giao véi thién cau cho
duong vi tri 1a AA’. Giao ctia hai duong vi tri AA’ va
BB’ la thién dinh nguoi quan sat  z,, (Hinh 2).

Chiéu xuyén tam thién cau Ién bé mat trai dét
nhan duoc:

- Cuc chiéu sang cua thién thé c, va c, la
a,; va a,,

- Cyc chiéu sang cia thién dinh z,, 1a vi tri
cua ngudi quan sait M ,

- Canh cz cuatamgiacvitrilacung aM,

- Hinh chiéu cua dwong vi tri AA” trén bé mat
trai dat 1a cung tron aa’, tdm aj, ban kinh
aM=2,=90°-h,

- Hinh chiéu caa duong vi tri BB’ trén bé mat
trai dit 1a cung tron bb’, tdm by, ban kinh
bM =Z,=90°—h,.

Hai duong vi tri giao nhau cho vi tri tau:

aa'nbb'=M .

Phuong phép do giai khé thuc hién dugc trong
thuc té vi phai xay dung qua cau dé thao tac xac dinh
vi tri tau. Vi ty 16 Tmm trén qua cau tuong Gng véi 17
(hay 1 hai ly), duong kinh cua qua cau s& la:
360X60/3,14:§878.98mm zZm, kich thuéc nay khong
phu hop véi diéu kién tau bién.

y //J///// 03'

Hinh 2. Phuwong phdp dé gidi

4. Phwong phap dwong cao vi tri

Phuong phap duong cao vi tri dugc ap dung hién
nay la phuong phap Saint - Hilaire (phuong phép hi¢u
d6 cao). Ban chit caa phuong phap nay 1a thao tac
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dudng cao vi tri dya vao céc yéu tb dich chuyén cua
né so véi vi tri dyu doan [4]. Céc yéu té cia dudng cao
vi tri la:

Huéng dich chuyén: A,

Luong dich chuyén: Ah=h, —h..

Vai:

A. : phuong vi dy doan (phuong vi tinh),

Ah : hiéu d6 cao,

h¢ : d6 cao tinh toén,

hg : d6 cao thét (do dac),

Z.. - dinh cy tinh toan,

Z, : dinh cu that .

Thoi diém xac dinh vi tri tau, vi tri du doan la
Mc (¢, A:), thién dinh nguoi quan sat va do cao
thién thé tinh toan tuong tng 12 Z. va h, (Hinh 3).
Thién dinh Z_s8& nam trén vong tron dang cao h.he
tam 1a vi tri thién thé C, ban kinh 1a dinh cu
Z,. =90°—h..

Gia str cung thoi diém, vi tri that cua tau la
M, (¢, 4,) > do va hiéu chinh dugc d6 cao that téi
thién thé C 13 hg, dinh cy that Z, =90° —h,. Vi tri
that s& nam trén vong tron dang cao hghy , tam 1a vi
tri thién thé C, ban kinh la dinh cu that Z, =90° —h, .

Hinh 3. Phwong phdp dwong cao vi tri

Dung mét phing thing dung di qua thién thé C,
mit phang nay hop véi mat phang thién kinh tuyén
nguoi quan sat cho gia tri phuong vi A. téi thién
thé. Vong thang dung (Z.C) s& cat vong dang cao
that hshs’ tai diém K gan véi thién dinh Z:

Ah=Z.K=2Z.-Z,=(90°-h,)—(90° —h)

Ah=h, —h, ©)
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Puong thang I-1 tiép tuyén vai cung cua vong
dang cao that hshs’ (I-1 vudng goc véi phuong vi
Z.C) la dudng cao vj tri. Chiéu duong vi tri tir thién
cau 1én dia cau va thao tac trén hai d6 (Hinh 4):

he

Hinh 4. Puéng cao vi tri trén hdi do
Nhu vy, dé v& dudng cao vi tri trén hai d6 can céc
yéu té: vi tri du doan M, , phuong vi du doan A,
va hiéu d6 cao Ah. Vi tri tau s€ 1a giao cua hai hay
nhiéu duong vi tri thién van tuong (g véi s6 lugng
thién thé quan trac.

N

Qc [

n/i 1

e h

Hinh 5. Thao téc xdc dinh vi tri tau trén hdi do

5. Phuong phap thién vin xac dinh vi tri tau
trén co & gia tri binh phwong nhé nhét cia
sai 56 9 cao va phwong vi thién thé

Trén nguyén tic tinh toan vi tri Xac suat nhat trong
mién tim kiém 1an can vj tri du doan Mc cua tirng
duong cao vi tri. Vi tri xac suét nhit xac dinh theo
phuong phap binh phwong trung binh cua cac két qua
tim kiém don. Cac budc tién hanh nhu sau:
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Buwoéc 1: Xac dinh giéi han mién tim kiém

Vi d6 giéi han: ¢ ¢, (9i6i han phia Nam
@ = @i, VA Qi6i han phia Bac ¢, =g, )

Kinh d¢ giéi han: A4, + 4., (0i6i han phia
Téy A, =A,, vagiéi hanphiabong A4 =4, )

Voi:

Poin =P FIAG| . O = 0 £[Agc |, A st
s6 clia vi d6 du doan ¢ , dau (-) khi xac dinh vj tri
tau & Béc ban cdu, déu (+) khi xac dinh vi tri tu &
Nam bén cau.

Ain = ¢ FIAA|, Apay = A £[AA|, A sai $6
cua vi d6 dw doan A, du (-) khi xac dinh vi tri tau
& Pong ban cau, ddu (+) khi xac dinh vi trf tau ¢ Tay
ban cau,

_ Sai sb vi tri dy doan (Ag;,AL) duge xac dinh
bang phuong‘ phap sai s binh phuqng trung binh tl:l’}/
thudc vao diéu kién hang hai cu thé sao cho xac suat
vi tri that cua tau nam trong tap {A} 14 lén hon
95%. Thuec t€, trong truong hop dac biét phai sir dung
phuong phap thién van du phong d€ xac dinh vi tri
thi chac chan ’trén tau chi ¢6 vi tri du doan. Khi do,
ban kinh sai s6 binh phuong trung binh (R) cta vi tri
du doan theo cdng thic [5]:

M =/(S&.)* +(Sew ) )
Véi:
S: quang duong tau chay,
&, - sai sb trong sb higu chinh la ban,
&r : i s trong s hiéu chinh téc d ké.
Buwéc 2: Thiét lap tap hop vi tri tau gia dinh trong
mién tim kiém.
Xay dung mang kinh vi tao thanh tap hop diém
A:{ny} voi: x={12,...b}vay={12,..,a}.
V1 d6 gisi han phia Nam ¢, =¢,,, va vido gidi
han phia Bic ¢, =g, -
Kinh d¢ gidi han phia Tdy 4, =4, va kinh do
gioi han phiaBong 4 =4, .
Khoang gian cach dam bao:
., - =0°000001 v A_, — A =0°00000L1.
Buwéc 3: Tim vi tri xac suat nhat twong ang Vi
mot do cao do (Vi tri Xac suat don)
Trén tau tién hanh quan trac thién thé C,, sau khi
hiéu chinh dugc do cao doh,,,
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A A A A

Hinh 6. Tdp hgp diém trong mién xdc dinh

Xét mot vi tri tau gia dinh 1a F (¢, 4,) , d6 cao
tinh xac dinh theo cdng thirc sau:

hey =sin"[sing, siné

8
+C0S ¢, €05 & Cos(t, + Ay ] ®)

Hiéu d6 cao:

Ahxy = thy - hOl (9)

Vi tri xac suat nhat F, (¢, 4, ) tuong ang véi do
cao do thién thé C; thoa man diu ki¢n:
(Ah,,,)? =min{(ah, )’}
= min{(he,, —hey)’ |
= (hmlnl ~hy,)?

(10)

Vai:

m ={12,...bjvan ={12..a}

Nhu vay, do do cao thién thé Cy, tim dwoc vi tri
X4c suat don twong tng la Fon, @y A, ) -

Buéc 4: Xac dinh vi tri tu xac suét nhat

Dé c6 vj tri tau, can do d6 cao it nhat Ia hai thién
thé.

Xét truong hop tong quat, do do cao nhiéu thién
thé: {C,,C,,...,.C,}, cac vi tri x4c sut don twong (ing
& {Fo s P, oo Py

Vi tri tau xac suat nhat  F (¢, ) c6 toa do tinh theo
phuong phap sai s6 binh phwong trung binh [8]:

Téncua ¢ va A laytheo tén ciia ¢ Va . trong
truong hop téng quat. Truong hop dac biét, mién xac
dinh nam & hai phia cua dudng xich dao, can xac dinh
tén theo tirng béan cau riéng biét.
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6. Két luan

Bai b4o da dé xuat phuong phap tim kiém gia tri
binh phuong nho nhat higu do cao thién thé dé xac
dinh vi tri tu xé4c suat nhat. Phuong phap mai phi
hop véi yéu cau vé viéc xac dinh vi tri thién van du
phong cho hé théng thdng tin va hién thi hai do dién
tir theo sira d6i Cong wdc STCW 78/2010. Piém
manh cua phuong phap 1a vi tri tdu nhan dugc khdng
phu thudc vao d6 chinh xac cua vi tri du doan. Co so
toan hoc cua phuong phap don gian, phu hop véi
trinh d6 cua si quan hang hai hién nay. Trong nghién
ctu tiép theo, tac gia dang xay dyng mot chuong
trinh x4c dinh vi tri tau tu dong, g dung bang tinh
Excel. Chuong trinh s€ dugc tha nghiém trén tau
bién, so sanh véi phwong phéap truyén théng va trién
khai &p dung vao thuc té.
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