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Tém tiit

Trong nghién cuu nay, phwong phap noi suy dir
liéu dong hoc tau thuy AIS bi mat, dugc dé xudt
xét dén ddc tinh chuyén dong tau. Phwong phdp
dé xudt la sw két hop ciia ndi suy tuyén tinh va ndi
suy dong hoc. Uu diém ciia phirong phdp dé xudt
la téc @b tau, vi tri tdu dwoc xac dinh dé cdp dén
ddc tinh chuyén dong tau, mdt khdc, hwéng miii
tau, huong thuc 1é dwoc xdc dinh sir dung noi suy
tuyén tinh. Pé danh gid tinh kha thi ciia phirong
phap, mot thuc nghiém duoc thuc hién voi mot tau
hanh trinh tai khu vee luong Hai Phong.

Tw khéa: Phuong phap néi suy, die liéu dong hoc
AIS, noi suy tuyén tinh, noi suy dong hoc, dac tinh
chuyén déng tau.

Abstract

In this research, an interpolating method for AIS
datat of ship is proposed considering feature of
ship motion. The proposed method includes a
linear interpolation and dynamic one. The
advantages of this proposal is to interpolate the
ship’s velocity and ship position by motion
feature, meanwhile the ship heading, and course
over ground is interpolated by linear
interpolation. To verify the proposed method, one

real example is conducted to ship sailing in

Haiphong area.
Keywords: [Interpolating method, Ship AIS
dynamic, linear interpolation, dynamic

interpolation, motion feature.

1. Pit van dé

Ngay nay véi sy gia ting sd lugng va kich ¢ tau
bién dan t6i nhidu méi nguy co tiém 4n khi tau

thuyén tham gia giao thong khu vuc ludng, cang bién.

Pé dam bao an toan hang hai cling nhu mdi trudng
bién, cac hé théng VTS da duogc xdy dung bdi cac
qudc gia co cang bién, dic biét 1a nhimg khu vuc co

mat d6 giao thong dong duc tau thuyén qua lai. Khi
tau thuyén tham gia giao thong trong khu vuc ludng
lach, cang bién vdi sy giam sat ciia hé thong VTS,
thuyén vién s& duoc dua ra cac 10i khuyén vé diéu
dong dé tranh cac nguy co xay ra véi tau minh va cac
tau thuyén khéc. Véi viéce tich hop va két ndi cua cac
thiét bi nhu: AIS, RADAR, CAMERA, ECDIS,
VHE,... cho phép cic si quan VTS c6 thé nhan dang
va theo ddi hoat dong clia cac tau thuyén dang hanh
trinh trong khu vuc quan ly cua tram VTS. Theo quy
dinh, viéc phat tin hiéu AIS duoc thyc hién dbi véi
cac tau thuyén tuy thudc vao loai AIS lap dit.

Trong thuc té van hanh hé théng VTS, cac si
quan thay d6i khi khong thé c6 tin hiéu AIS tir cac
tau thuyén vi mot 1y do nao d6 nhu: 15i tin hiéu tir
tau phat; khu vyc hanh hai dong duc tin hiéu bi cham
tré,... Trong nhimg tinh hudng d6 cin c¢6 phuong
phap nodi suy dé tim lai dit liéu da mat.

Cho dén nay, mot vai nghién ctru lién quan dén
bai toan ndi suy dir li€u dong hoc trong cac ban tin
AIS bi khiém khuyét di duoc cong bd. Trong nghién
ctru [1], phwong phap ham vector dwgc dé cap cho
bai toan tim lai dir li€u ddng hoc tau thuy. Trén quan
diém tiép can khac [2] dé xuat phuong phap tim lai
dit lidu AIS bi mat dya trén cac phép ndi suy toan
hoc don thuan, va phwong phap di dugc xac minh
bang bo dit liéu ctia pha chd khach Sewol Han Qude.
Phat trién theo hudng tiép can nay, nghién ctru [3],
két hop ndi suy tuyén tinh voi ndi suy duong cong co
tinh dén céc yéu td diéu dong tau, trong do, ndi suy
duong cong dugc xay dung theo quy tic vong quay
tré cla tau dé ndi suy cac dir liéu dong hoc.

Trong [4], mdt phuong phap ndi suy dugc dé cap
cho dir liéu AIS ap dung tai khu vuc luéng Singapore,
trong d6 cac tinh hudng hang hai dugc xét dén cho
bai toan noi suy dir liéu AIS.

Gan day, mot thuc nghiém lién quan dén bai toan
ndi suy dir liéu AIS tau thiy dugc thyc hién vdi cang
Hai Phong [5].
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Mic du nhitng nghién ctru ké trén da dat duoc
nhitng két qua déng ké cho bai toan noi suy tim lai
dit lidu AIS bi mét cua tau, tuy nhién, cac nghién ctru
trén van con chua dé cap dén dic tinh chuyén dong
tau. Trong bai bdo nay, mot phuong phéap ndi suy dir
lidu dong hoc tau thiy AIS bi mat duoc dé xuét bang
cach két hop noi suy dong hoc va ndi suy tuyén tinh
hinh hoc. Cu thé phuong phéap bao gém hai phan:

Thir nhat: Huéng miii tau (Heading), hudng di
thuc t& (COG) dugc ndi suy boi phép nodi suy tuyén
tinh hinh hoc;

Thtr hai: Téc d6 tau (SOG), vi tri tau (Latitude,
Longitude) dugc tim lai bang phép nodi suy dong hoc
¢6 tinh dén chuyén dong tau.

Dé danh gia tinh kha thi ciia phwong phap ndi suy
dé xuat, thyc nghiém duoc thyc hién véi dir liéu AIS
clia mot tau hanh trinh trong ludng Hai Phong.

Hinh 1. Dit ligu dpng hoc AIS ciia cdc tiu phdt dén

tram gidm sdt va diéu phéi giao thong Hing hai VTS
Bing 1. Tén suit phdt bin tin AIS logi A

Y S Khoding thoi gian
Trang thai va toc do tau L
phat tin hi¢éu
Tau neo, tau dang budc cau, hodc :
R A ST, 3 (phuat)
tau chay véi toc d6 nho hon 3kts
Tau neo, tau dang budc cAu, hodc n
. TS 10 (gidy)
tau chay véi toc do 16n hon 3kts
Tau chay véi toc do trong khoang .
10 (gidy)
0-14 (kts)
Tau chay véi tde do trong khoang n
sk 3,33 (gidy)
0-14 (kts) va doi hudng
Tau chay véi te do trong khoang ”
6 (gidy)
14-23 (kts)
Tau chay véi toc do trong khoang .
NPPE 2 (gidy)
14-23 (kts)va doi huong
Tau chuyén dong voi tbe do 1on .
2 (gidy)
hon 23 (kts)
Tau chay véi téc do 16n hon 23kts .
s 2Rl 2 (gidy)
va doi hudng
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2. Dir liéu dong hoc tau thiy trén ban tin AIS

Trén ban tin AIS, dir li€éu dong hoc s& duogc phat
dén cac tau thuyén khac ciing nhu tram bo VTS
(Hinh 1) bao gém céc phan: Kinh vi d§ (Longitude,
Latitude), huéng mii tau (Heading), hudéng thyc té
(COG), toe do tau (SOG).
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Hinh 2. M6 ti khu vue bj mét die liéu AIS

Tuy thude vao loai thiét bi AIS trang bi trén tau
ma thoi gian phat ban tin 1a khac nhau. Trong nghién
cru nay, chung toi xét AIS loai A Theo quy dinh
Qudc té ddi véi cac tau trang bi AIS loai A can phai
phat ban tin theo Bang 1.

Theo Bang 1, co thé xac dinh duoc sb luong di
lidu bi mét trong ban tin dya trén tdc do tau.

3. Phuwong phap ngi suy dir liéu dong hoc tau
thiy AIS xét dén diic tinh chuyén dong tau

Trong phan nay, ndi dung phwong phap ndi suy
dir liéu dong hoc tau thily AIS xét dén tinh ning
chuyén dong tau thiy, cu thé noi dung phuong phap
bao gom:

Thtr nhat: Bo dir liéu déng hoc AIS dwoc phan
tach thanh cac chudi thoi gian tuong tmg ctia: Kinh d¢,
vi d6, hudng miii tau, hudng thyc té, toc do thuc té;

Thtr hai: Khoang thoi gian chita di liéu bi mét
hay khiém khuyét duoc xac dinh thong qua Bang 1;

Thir ba: Phép ndi suy tuyén tinh trong toan hoc
dugc ap dung voi cac dir liéu dong hoc hudng miii
tau, huong tau thuc té;
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Cudi cung: Tbe do tau, vi tri tau duoc ndi suy
bang phép ndi suy dong hoc c6 tinh dén dic tinh
chuyén dong tau.

3.1. Nji suy tuyén tinh

Goi 2 diém Ai(ti, fi) va Aira(tis, firs) 12 2 diém dit
lidu lién tiép nhau theo thoi gian trong céc bo dir liéu
AIS cta hudéng miii tau (Heading) va hudng di that
(COG), phuong trinh duong thang ndi hai diém dir
liéu nay duoc biéu dién nhu dang sau:

RO=f, +<t—ti)[M]
G-t @)

Trong d6: t 14 thoi diém bat ky nam trong khoang
thoi gian tir thoi diém ti dén thoi diém tisa.

Mot cach tong quat, phuong trinh cac duong
thang di qua cac diém dir liéu duoc thé hién qua cac
hé thirc:

P =D R
@
3.2. Ngi suy dong hoc

Noi suy dong hoc dugce dé xuét dé noi suy tde do
tau (SOG) va kinh vi d6. Trong phép ndi suy nay,
phuong trinh chuyén dong dugc xem xét.

Theo co hoc, phuong trinh chuyén dong ciia chat
diém duge viét dudi dang sau:

t
o(t) = o(t;) + tj Ve ()dt
i
h (3)
At) =A(t) + | vy (t)dt
t.
1

Tbc d6 tau theo cac hudng dugc xac dinh theo hé
thirc sau:

v, (t) =Vv(t,).cos(COG;)

i 4)
v, (t) =v(t,).sin (COG,)
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Tbc d6 tau xac dinh theo hé thuc sau:
t
v(t) = v(t,) + j a(t)dt (5)
G

Gia téc chuyén dong tau giita 2 diém lién tiép
duogc mo ta theo phuong trinh dudi day:

a(t) — V(ti+1) :Z(tl)

i+1 i

(6)

4. Thwe nghiém xac thwe phwong phap

Trong phﬁn nay, mot thuc nghiém duoc thuc hién
dé xac minh tinh kha thi cta phuong phéap noi suy dé
xuat. Dir liéu dong hoc AIS ciia mot tau dugc ghi
nhan va xir Iy trén ludng Hai Phong, cac tinh toan
thuyc nghiém dugc thyc hién trén cong cu MATLAB
2014a. Chuyén dong tau trén ludng Hai Phong dugc
md ta nhu Hinh 3.

Hinh 3. Tau hanh trinh trén luéng Hai Phong

Bing 2. Két qud nji suy bang phwong phdp dé xudt

o Vi do Kinh d9
Thoi gian ot st HDG COG SOG
10704525 200 48,78’ 106° 54,12° 316° 318,8° 9,45kts
10"05™10° 20°48,81° 106°54,09° 3150 318° 9,45kts
10705325 20°48,85° 106°54,05° 313° 317° 9,44kts
1005535 20°48,89° 106°54,06° 3110 315,7° 9,42kts
10"07™19° 20°49,01° 106°53,84° 300° 303° Okts
1007345 20°49,03° 106°53,8° 298° 300° 8,0kts
1007545 20°49,05° 106°53,754° 295° 296° 8,85kts
1008315 20°49,09° 106°53,667° 289° 288° 8,69kts
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Hinh 4. Dir li¢u vi tri tau hanh trinh

trén luéng Hii Phong

B6 dir liéu dong hoc AIS cua tau hanh trinh tai
ludng Hai Phong dugc ghi nhan tir thoi diém
10"00m02° dén thai diém 11"00m59°.

Dit lidu dong hoc duoc biéu dién tir thoi diém
10"00m02° dén thoi diém 10M9M27%, thoi diém
1000028 dugc quy vé mde 0s trén truc hoanh, cac
gia trj trén truc hoanh 1a khoang cach tinh theo gidy
so v6i thoi diém 100002,

Cac chudi dir liéu AIS tuong Ung cta vi tri tau,
kinh d9, vi d6, huéng mii tau, hudng thyc té, va tbe
d6 duoc biéu dién trén cac Hinh 4 va Hinh 5.

Trong phan nay, gia sir tin hiéu AIS bj mét trong
hai khoang thoi gian: Tir thoi diém 1004525 dén
thoi diém 10°05™53% va khoang thoi gian tir thoi
diém 10"07™19° dén thoi diém 10"08™31°,

Ap dung cac hé thirc cua phuong phap ndi suy
d& xuét cho cac bod dir liéu twong (mg, ndi suy tuyén
tinh cho dit liéu huéng mili tau va huéng tau thyc té,
déng thoi ndi suy dong hoc cho vi tri tau va toc do
tau, két qua noi suy bo dir liéu gia sir bi mat thu duoc
thé hién qua Bang 2, Hinh 6, va Hinh 7.
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Hinh 5. Dit ligu hwéng miii tau, hwéng thit va toc dp

tau dich chuyén trén luong Hii Phong

Sau khi c¢6 duoc nhimg két qua nodi suy cia
phuong phap, cac so sanh dugc thuc hién dé xac
dinh sai s6 cua phuong phap so véi bo dir lidu thyuc
té, cac két qua so sanh duogc thé hién qua Bang 3. Tu
nhitng sai s6 nay c6 thé thiy rang hiéu qua cua
phuong phap dé xuat 1a kha thi dé ap dung cho bai
toan tim lai dit liéu dong hoc tau thiy bi mét trong
khu vye ludng lach.
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Hinh 6. Két qua npi suy kinh dp vi dp
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Bing 3. Sai s6 ngi suy theo phwong phdp dé xuit

Sai 6 vi tri tau (m) | Sai s6 hwéng mii tau | Sai s6 huéng di thuc té Sai s6 toc do tau
0 1° 0°1 0,05kts
14,82 1° -0% -0,05kts
97 20 -0%2 -0,04kts
9,26 20 1° -0,02kts
46,3 -1° -02 Okts
38,2 -1° 30 0,1kts
39,9 -30 199 0,05kts
30,4 -40 -0°7 -0,09kts
phap ndi suy bao gdbm hai phan: Noi suy tuyén tinh
. ; e dé xac dinh huéng miii tau va huéng di thyc té, va
3azo- o v interpolation HDEffmvahdatwn ndi suy d(f)rllg ,h?c dé xac dinh cac gia tri tde do tau
%am '5-;&,? ....... ] cling nhu vi tri tau. 7
T ol P . Noi suy dit liéu AIS dong hc_)c Ntéu thﬁ}/ co thé
: ., : gitip tim lai nhitng dir liéu bi mat, ho tro diéu tra tai
T g i R nan, hodc mot sb cong tic trong nghiép vu quan 1y
w L, ? . 0G0l hang hai. Trong nhiing nghién ctru tiép theo, cac yéu
I g v _interpolaion COG fo validation t6 anh huong cua ngoai canh s& duoc tinh dén trong
gam I ’;‘% bai toan ndi suy dir liéu AIS dong hoc tau thuy.
S I SR SALPS N N SN TAI LIEU THAM KHAO
) = AD;D = HSB.D.......1~D:BD...-~.om [1] Q.. Hu, e'f. al. An Algorithm for Interpolating
1 : : : Ship Motion Vectors, International Journal on
1085 . ii?p:mn 206 for validation Marine Navigation and Safety of Sea
g e f T Transportation, Vol.8, No.1, pp.35-40, 2014.
g 9':7 ' WW% _ [2] Van Suong Nguyen, Namkyun Im, Sang Min Lee.
a5l Lo _ The interpolation method for the missing AIS
8l — miu — 360”10'00 'QDD data of ship. Journal of Navigation and Port
Tirme(s)

Hinh 7. Két qud ni suy Huwong miii,

hwong di thue 16, va téc dp tau

Trong phan nay, bo dir liéu AIS st dung dé xéac
thyc phuong phap dugc gia sir bi mat trong khodng
thoi gian ngén, do vay do chinh x4c ctia phuong phép
1a ¢6 thé chdp nhan dugc. Trong thyc té, khoang thoi
gian mat dit lidu co thé dai hon va céc trang thai tau
phu thude vao cac yéu té khac nita nhu: Mat d¢ tau
thuyén, d6 rong cia khu vuc luéng, tinh nang didu
dong tau lam thay dbi tbc do, hudéng hanh trinh, va
anh hudng cua ngoai canh tac dong nhu: Song, gid,
dong chay. Trong cac nghién ciru tiép theo, nhém tac
gia s& tiép tuc phét trién hoan thién phuong phap noi
suy dé tinh d&én cac yéu t6 tac dong ké trén.

5. Két luan

Trong bai bao nay, mgt phuong phap ndi suy di
liu dong hoc tau thuy trén cac ban tin AIS duoc dé
xuét tinh dén dic tinh chuyén dong tau thiy. Phuong
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[4] Zhang, L.Y., Xiao, Z., Fu, X.J. 4 novel ship
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