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Tém tit
Viéc xéac dinh vij tri tau va dan duong phu thudc vao céc hé théng dinh vi vé tinh toan céau,
chd yéu la hé théng GPS (Global Position System). Trong thuc té hang hai, vi tri tau xéc
dinh duoc coi la vj tri x4c suét nhét va sé la tam cia hinh tron xac suét chira vi tri tau. Tuy
nhién, diéu nay chwa hoan toan chinh xac vi con phu thudc vao nhiéu yéu té nhw sai léch
hé tréc dja, do chinh xéc cda hai do,... M&t khac, hinh tron xac suét chiva vj tri tau la vo
huéng, bén kinh sai s6 cda hinh tron xéc suét phu thudc nhiéu yéu té,... Vi vay, viéc xéc
dinh vj tri xac suét v6i d6 chinh xac cao nhat Ia bai toan kha phrc tap. Trong khudn khé cta
bai bao, tac gla dé xuét phuong phap xéc dinh ving xéc suat chira vj tri tau thuc té va tinh
dinh hudng cua n6 nhdm néng cao an toan trong céng tac diéu dong va dan duong cho tau
trén bién, thir nghiém cho ving ven bién Viét Nam.
Tur khéa: Xéc dinh vj tri tau, thuat toan KNN, viing xac suat.
Abstract
Navigation and determining the ship’s position depend on global satellite systems, primarily
GPS global positioning systems. In maritime practice, the definite ship position is considered
the most probable position and will be the center of the probability circle containing the ship's
position. However, this is not entirely accurate because it depends on many factors such as
deviation of the geodetic system, the accuracy of charts, ... On the other hand, the radius of
error of probability circle that containing the ship's position is a scalar area, depending on
many factors,... Therefore, the determination of probability location with the highest accuracy
is a rather complex problem. In this paper, the author proposes a method of determining the
probability area containing the actual ship position and its orientation in order to improve
safety in maneuvering and navigation at sea for Vietnam coastal waters.
Keywords: Determining the ship’s position, KNN algorithm, probability area.
1. Dat van dé

Xac dinh vi tri tau va danh gia d chinh xac cuta vi tri xac dinh va nghiép vu hang hai co ban
khi dan tau trén bién. Mac du cac phwong phap xac dinh vi tri tau truyén théng bang radar hang hai
hay hwéng ngdm van cé do chinh xac va do tin cay cao, la phwong phap xac dinh vj tri tau chinh
(prlmary methods) theo khuyén céo cla T chirc hang hai Quéc té (IMO). Tuy nhién, sT quan trén
tau bién chi yéu sir dung phwong phap xac dinh vi tri tau bang hé théng vé tinh dan duong GPS
trén bién. Phwong phap nay doé chinh xac cao khi dan tau trén cac vung bién cé hé théng bao dam
an toan tét. Khu vic ven bé, hé théng bdo ddm an toan chwa hoan thién, can cé cac phwong phap
danh gia sai sb vi tri khéng phai do ban than hé théng sinh ra.

Sai s6 vi tri ctia ban than hé théng vé tinh dan dwdng ngay nay dat téi 15m (95%), va tét hon
la 5m (95%) dbi v&i hé thdng vi phan GPS. Tuy nhién, khi tién hanh thao tac Ién hai db dé dan tau,
ngoai sai s6 clia ban than hé théng con cé nhiéu loai sai sb xuat hién trong thuwc té nhw: hé tréc dia
ctia hai db khong twong thich, hai dd dwoc xay dwng véi cac ngudn khado sat kém tin cay,... Trén
tau, dién tich xac suét do si quan hang hai xac dinh thwéng 1a hinh tron c6 tam 14 vi tri xac dinh, ban
kinh la sai sb cta hé théng dinh vi. Trwdng hop ap dung nay c6 han ché la thira nhan vi tri xac dinh
la vi tri dung, la vi tri xac suéat nhat. Trong khi d9, vi tri xac dinh sé nam trong mét dién tich xac suat
phu thudc vao céac yeu td tac dong thuc té da néu trén. Dleu nay cé thé anh huong dén an toan dan
tau, dé& xuat hién nhét 1a hién twong léch duong gay méc can. Trong gi¢i han cla bai bao, tac gia
tap trung xac dinh dién tich thyc t& chira vj tri tau nhan dwoc tir may thu GPS va tinh dinh hwéng
cla nd, thtr nghiém trén viing ven bién Viét Nam.

2. Panh gia sai s6 vj tri tau nhan dwoc tir may thu GPS trén tau bién

Ngay nay, dan tau trén bién chi yéu dwa vao vi tri nhan dwoc tir hé thdng dinh vi hang hai

toan cau, chi yéu Ia hé théng GPS. Sai sb cua vi tri GPS cong b trong cac tai liéu va hwéng dan
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st dung may thu la Res = 10 + 15m (95%), tuy thudc hang san xuét [1]. Tuy nhién, d6 la d6 chinh
xac cla riéng hé théng GPS, van con sai s6 do anh hwéng cuia cac yéu té khac.

Viéc hiéu chinh sai s& dé co thé thao tac vj tri tau xac dinh bang may thu GPS chinh xac trén
hai dd tuy thudc vao diéu kién cu thé, tinh chat cla sai sb tac dong. M6t s sai sb co ban cé thé han
ché nhuw: Iwa chon ché dd xac dinh vi tri tau 2D/ 3D, sai s hinh hoc HDOP (Horizontal Dilution Of
Precision), sai s6 do hé trac dia khong déng nhéat, sai s6 do cai dat théng sé ban diu khéng chinh
Xac,... Trong d6, sai sb do hé trac dia ctia hai dd va hé thdng GPS khong twong thich can déc biét
quan tam khi thao tac vi tri tau, cu thé nhw sau:

- Hai db st dung hé tric dia WGS84 (WGS72), khong cé sai sb do khac hé trac dia hodc sai
sb nhd, c6 thé bd qua [2].

- Hai db st dung hé trac dia phwong (hodc cho lwong sai sé do sai khac hé tréc dia), may thu
GPS sé c6 ché do hiéu chinh ho&c chuyén ddi gitra cac hé trac dia [3].

- Trwong hop dac biét, hai dd khong coé hé trac dia ré rang, khong cé théng tin hiéu chinh, chi
c6 canh bao sai sb vi tri do khac hé trac dia 1a khong thé xac dinh [4]. Khi d6, vi tri tau thao tac I&én
hai d6 khong danh gia dwoc do chinh xac, khong tin cay. Néu khu vire hanh trinh khéng thé xac dinh
dwoec vi tri bang phwong phap tin cay khac, vi tri GPS nhan dwoc trong trwong hop nay sé khong
thda man cac tiéu chuén vé& d6 chinh xac an toan hang hai cta (IMO) [5].

Théng thuwéng, vi tri GPS sau khi hiéu chinh sw chénh léch toa dé do khac hé tréc dia sé dwoc
thao tac trén hai dé dé dan tau. Do chinh xac cla vi tri xac dinh M dwoc danh gia d bang dién tich
xac suat chra vj tri tau & hinh tron tam 1a M, ban kinh Res(95%) 1a sai sb vi tri ctia hé théng GPS
(Hinh 1).

Viéc xac dinh xac suat xuat hién cua vi tri tau nhw vay sé c6 han ché sau: thira nhan M la tam
hinh tron sai s va dién tich xac suét khéng cé tinh dinh hwéng.

Vi tri xac dinh M ngoai sai s6 ctia ban than hé théng GPS con chiu mét s6 anh hwéng do cac
nguyén nhan thuc t& khac nhau. Khi d6, M s& nam trong gi¢i han 1a duwéng tron (O,RL). Trwong hop
gia dinh, vi tri that cGa tau dwoc xac dinh ndm trén duwong tron (O,RL), khi d6 dién tich xac suét 1a
hinh tron tm O, ban kinh R = RL + Res sé& chira vi tri tau. Thuc t&, tam O la gia dinh khi tim sai s6
vi tri cho mét khu vuc bién, khong thé cé dwoc toa do tam O vao thei diém tién hanh xac dinh vi tri
cta M. Do vay, dién tich xac suét thwc t& phai la hinh tron tm M, ban kinh tinh theo cbng thirc Rm
=2 RL + Ros (Hinh 2).
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Hinh 1. Sai sé dinh vi cia GPS Hinh 2. Dién tich xdc suét thwec té

3. Tinh toén dién tich xac suat chira vi tri tau
Dién tich xac suét chira vi tri tau c6 thé xac dinh bang phwong phap thwe nghiém nhw sau:
Tai mot vi tri ¢b dinh, xac dinh vi tri tau "n” 1an lién tuc bdng may thu GPS. Tam cla dién tich
xac suat chira vi tri tau la "O” c6 toa dd nhw sau:

1n s
Vi do: ®o = —%(pi (@, 1avido vitri nhan dwoc lan tha “i”) (8]
n

1n 5
Kinh dé: Ao = 7%% (A, 1a kinh do vi tri nhan dwoc 1an thiv i) 2
n

Ap dung phwong phap sai s6 binh phwong trung binh, sai s6 vi d6 va kinh dé cda vi tri xac
dinh dwoc tinh nhw sau:
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2

n
%(M’i)

1 (A =@ —@, lasai s6 vi do cla vj tri xac dinh lan “i” ©)
n-—

A(ﬂl =

(AL = A — A, 1a sai s6 kinh d6 cla vi tri xac dinh 1an ") 4)

Sai sb vé khoang cach (ban kinh dién tich xac suét ) cta vi tri tau tinh theo cong thirc sau:
2 2
=(A1)" + (kAp) (5)

D . . . . .
k = — la hé so cho biét ti gitra dd bién dang doc theo kinh tuyén va vi tuyén.
%

Py _ T 0] 1—e sing@ %
Vi do tién: D = 7929,915.log,, {[tan(Z + 2] x (35 Simp) } (6)
Ving bién Viét Nam, trai dai t 08°00°0N + 24°00°0N, nhw vay hé sb bién dang vé khoang
cach k=1.00 + 1.03 = 1 [6]. COng thirc tinh ban kinh dién tich xac suat chra vi tri tau la:

(A2)* +(Ap)? @)

Xac suat xuat hién vi tri tau (P) twong ng véi ban kinh dién tich xac suat nhw sau [4]:

M6t 1an sai s6 binh phwong trung binh: vong tron ban kinh M1 ¢cé P = 65;

Hai 1an sai s binh phwong trung binh: vong tron ban kinh M2 = 2M1 ¢6 ¢6 P ~ 95%.

Nhw vay, khi st dung may thu GPS, dién tich xac suat chiva vi tri tau (95%) c6 tam M, ban

kinh la:
M =2(A2)* +(A@)® + Ry (8)

Tuy nhién, dién tich xac suét tinh toan thuc nghiém khong xac dinh dwoc huwdng cé xac suét
vj tri tau I&n nhét.
4. Xac dinh tinh dinh hwéng cta dién tich xac suéat chira vi tri tau

Nhw da dé cap trong muc trwée, véi kha nang xuét hién vi tri tau trong vong tron dién tich xac
suét, tim vi tri xac suét nhat va xac dinh hwdng c6 mat d6 xac suat cao nhat thyc sw phire tap. Trong
khuén khé cta bai bao, tac gia dé xuat thuat toan KNN dé giai quyét van dé [8],[9].

4.1. Thugt toan KNN

KNN (K - Nearest Neighbors) dung dé phan 16p cac dbi twong dwa vao khoang cach gan nhét
gitra dbi twong can phan 16p voi cac déi twong con lai trong tap mau hoc - K lang giéng cuia n6. Dé
thwe hién phan Iép mot déi twong, sb lang giéng gan nhét (K) ctia dbi twong duoc xac dinh. Khodng
céach gitra déi twong can phan I&p véi tat ca cac dbi twong lang giéng sé dwoc tinh toan. Trén co
s& do, 1&p clia ddi twong sé dwoc xac dinh nhé phan 16p cla K lang giéng gan nhét.

Khoang cach gitra ddi twong can phan 1&p véi K lang giéng cta dbi twong (d) c6 thé xac dinh
b&i nhiéu phwong phap nhu: Manhattan, Euclid, Minkowski, Chebyshev,... thwdong ap dung déi voi
bai toan co cac thudc tinh dau vao la kiéu sb thwc; khodng cach Hamming cho cac bai toan c6 cac
thudc tinh dau vao 1a kiéu nhi phan; ham Cosine cho cac bai toan phan I&p van ban,... Trong khuén
khé cla bai bdo, dé& xac dinh hwéng cd mat dd xac suéat Ién nhéat ciia ving xac suat chiva vi tri tau,
viéc tinh toan khoang cach (d) dwoc thye hién béi ham Euclid:

d = (%= V)7 + (X, — ¥,)? ©)

Trong do6: (x1, y1) Ia toa d6 clia ddi twong can xac dinh - thm dwong tron dién tich xac suét chiva vi tri tau;
(X2,y2) 1a toa d céc vi tri c6 thé c6 cla tau khi xac dinh bang GPS.
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4.2. Ap dung thuat toén KNN xéc dinh tinh dinh hwéng cuda dién tich xdc suat vi tri tau

Cac bwdéce cua thuat toan:

Buwoc 1: Tai vi tri cb dinh, st dung may thu GPS Iy vi tri tau 100 Ian lién tuc. Chuyén vi tri
nhan dwoc Ién hai do.

Buwdc 2: Xac dinh dién tich xac suat chiva vi tri tau (Hinh tron c6 ban kinh nhé nhét chira toan
bd cac vi tri xac dinh) theo thuat toan KNN:

V&i méi vi tri tau tinh khodng céach twr vi tri n?y t&i cac vi tri con lai theo ham Euclid, Iwu trir cac
khoang cach vao mang dir liéu (mang a - 100 phan tc). Tbng khoang céch tir mét vi tri tGi cac vi tri
con lai dwoc tinh dwa trén viéc tinh tbng cac phan t& ctia a. Lap lai qua trinh véi cac phan to tiép theo,
thu dwoc mang b (100 phan t&) lwu trir tdng khodng cach tir mat vi tri t&i cac vi tri con lai;

S&p xép mang b theo thir tw ting dan;

Lwa chon 20 phan t& dau tién trong b, xay dwng dwéng tron bao phl:l‘20 vi tri twong tng voi
20 phan t&r da dwoc chon, tdm dwong tron 1a vi tri twong ¢ng véi phan tir dau tién trong b (phan t
€O gia tri nho nhat), ban kinh dwdng tron la phan tir thie hai mwoi trong b (phan tlr I6n nhat trong hai
muwoi phan tr dau tién).

Buwdc 3: Xac dinh hwdng tap trung: xay dwng dwong thang di qua it nhat mét vij tri trong hinh
tron xac suét chira vj tri tau sao cho tdng khoang cach tir cac diém con lai t&i dwong thdng 1a nhé
nhét theo phwong phap xac dinh dwong thang delta:

V&i méi vi tri trong s6 20 vi tri dwoc lwa chon, tim hai vi tri gan nhéat véi nd dwa trén di liéu
da lwu trong mang a (Buwdrc 2);

Xay dwng phwong trinh duwong thdng delta di qua vi tri nay sao cho khoang cach tir hai vj tri
con lai dén dwong thang la ngan nhat;

Tinh tdng khodng cach tlr cac vi tri con lai (17 vi tri) téi dwdng thang vira xac dinh;

Lap lai v&i cac vi tri con lai (19 vi tri), lwu trir cac gia tri trong mang ¢ (20 phan t&);

Sap xép mang c theo thi tw tang dan, dwong dinh hwéng tap trung xac suat dwoc xac dinh
la dwong twong ng véi gia tri dau tién trong ¢ (nhoé nhat).

Viéc th&r nghiém thuat toan dwoc tién hanh trén bo div lidu thir nghiém thu dwoc tir khu viee
bién Viét Nam v&i ban kinh ctia dwéng tron phan b xac suét 1a Re = 125 mét.

Hinh 3 mmh hoa két qua thu dwoc khi thwe hién the nghiém trén tau SAR 411 tai cau cang
Trung tdm Tim kiém ctru nan héng,héi Khu vire 1. Xac dinh 100 vi tri cach nhau khoang 05 pht lién
tuc ngay 16 thang 10 nam 2019, két qua nhw sau [10]:

Vi tri tam O: vi tri s6 55, toa d6 (20°52'23.3"N ; 108°42'21.1”E);

Ban kinh RL: 125 mét;

Huwéng xac suét nhat: truc 07505 - 25505,

DIEN TIiCH XAC SUAT : DIEN TiCH XAC SUAT

TINH DINH HUONG x TINH DINH HUONG

vi TRI |[ TAm || BKiNH || HUONG viTRi |[ TAm |[ B.KiNH |[ HUonG
[(100 [ 55 [ 125 || o75% 100 67 |[ 1255 |[ 075%
Hinh 3. Dién tich xdc suét vi tri tau thir nghiém Hinh 4. Dién tich xdc suét vj tri tau thir nghiém
tai Hai Phong tai Pa Nang
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Hinh 4 minh hoa két qua thu dwoc khi thwe hién thir nghiém trén tau DIEM DIEN 39 tai cau
cang Tién Sa - Pa N&ng. Xac dinh 100 vi tri cach nhau khoang 05 phut lién tuc ngay 22 thang 10
nam 2019, két qua nhu sau:

Vi tri tam O: vi tri s6 59, toa do (16°07°03.5”N ; 108°12'46.6"E);

Ban kinh R.: 125,5 mét;

Hwdng xac suét nhét: truc 07596 - 25596,

Nhw vay, nhan dinh ban d4u 1a ving xac suét chiva vj tri tau xac dinh bang may thu GPS tai
khu vire bién Viét Nam la hinh tron c¢é ban kinh la R~ 125m va huéng truc cé mat do xac suét vi tri
tau Ion nhat 1a 075° - 255°. Nhw vay, ving xac suat chia vi tri tau thuyc té sé |4 hinh tron tam M va
ban kinh: Rm =2 RL + Res= 2 x125 + 15 = 265m.

5. Két luan

Tac gia da gidi quyét dwoc bai toan xac dinh vi tri tau bang hé théng GPS trong thuc té.
Nghién ctru co s& ly thuyét tinh toan dién tich xac suat chira vi tri tau, d& xuat phwong phap ap dung
thuat toan KNN tim dién tich chta vj tri tau thye té va tinh dinh hwéng cia né. Trén co s& nghién
clru d6, viéc thir nghiém thuat toan dwoc tién hanh nhiéu 1an trén bo di liéu thtr nghiém thu dwoc
tir khu vwe ven bién Viét Nam cho két qua twong déi ddng nhéat [6]. Két qua kiém nghiém thuc té
trén tau ban dau tai khu virc Hai Phong va Ba Nang cho thay, ban kinh sai sb (95%) xap xi 125 mét
va huéng c6 mat do xac suat xuat hién vi tri tau 1a truc hwéng 075° - 255¢. D liéu thtr nghiém tuy
con han ché, song c6 thé khang dinh viéc 4p dung thuat toan KNN gidi quyét van dé nghién ctru bai
bao dat ra la hoan toan kha thi. Tac gia sé tiép tuc khdo sat bd sung vé khu vuc bién, thoi gian va
s6 lwong vi tri tau xac dinh dé nang cao d6 tin cay cla phwong phap.

TAI LIEU THAM KHAO

[1] Nelson Acossta, Juan Toloza. Technigues to improve the GPS precision. International Journal
of Advanced Computer Science and Applications, Vol. 3, NO. 8, 2012.

[2] IMO. BA. Chart No. 1358: Permatang sedepa to Singapore strait. United Kingdom National
hydrographer, 2012.

[3] IMO. BA. Chart No. 2951: Sulawesi to Paulau- Palau Kawwiot. United Kingdom National
hydrographer, 2016.

[4] IMO. BA. Chart No. 3990: Gulf of Tongking (Northern part). United Kingdom National
hydrographer, 2016.

[5] IMO. Resolution A. 529 (13). Accuracy standards for navigation, 1983.

[6] Nguy&n Thai Dwong. Anh huwéng cia dé bién dang cda phép chiéu hai dé Mercator téi cong
tac dan tau an toan. Tap chi Khoa hoc Cong nghé Hang hai, S 60 (11/2019), Tr. 05-09.

[7] Novatel, GPS Position Accurary Measures, 2003.

[8] Biau, Gérard, Devroye, Luc, Lectures on the Nearest Neighbor Method, Springer, 2015.

[9] Thai Duong Nguyen, Trong Duc Nguyen. Application of The KNN Algorithm in Determining the
Orientation of The Probability Area Containing The Ship Position by GPS Systems on Hai
Phong Coastal Area. International Journal on Advanced Science, Engineering and Information
Technology, Vol. 9 (2019) No.3.

[10] Nguyé&n Thai Dwong. Nghién citu tinh dinh huéng cda dién tich xac xuét chira vi tri tau bang
may thu GPS trén viing ven bién Viét Nam. Dé tai NCKH cap trwdng ndm hoc 2017-2018.

Ngay nhén bai: 04/12/2019
Ngay nhan ban stva 1an 01: 18/12/2019
Ngay nhan ban stva l1an 02: 21/12/2019
Ngay duyét dang: 04/01/2020

14 Tap chi Khoa hoc Céng nghé Hang hai S6 61 - 01/2020



