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Tém tiit

He théng dinh vi vé tinh ung dung trong linh vic
hang hdi néi chung, gom: Hé thong vé tinh dinh vi
toan cau GNSS, hé théng vi sai hang hai DGPS
hodc hé thdng vi sai hang hdi khu vuc rong SBAS.
He¢ thdng mady thu dat trén tau bién thuce hién thu
nhan tin hiéu tir vé tinh d@é xdc dinh vi tri tau bién
chinh xdc. Tuy nhién, chat lwong truyén tin hiéu
trong kénh thong tin cua hé théng dinh vi vé tinh sé
giam ding ké, do bi tdc ddng béi cdc yéu té ngogi
canh, nhu: Nhiéu vo tuyén, dac diém dia hinh khu
viee, cau triic hinh hoc vé tinh, sai sé quy dao vé
tinh, d‘&ng hé vé tinh, mda tin hiéu vé tinh, sur suy
gidm néng heong trong qud trinh truyén tin hiéu,
tang dién ly, diéu kién thoi tiét,...

Bai bdo tdp trung danh gid chdt hrong truyén tin
hiéu trong kénh thong tin cua hé thdng vé tinh dinh
vi hang hdi théng qua nhém tiéu chi, gom: Hé sé
bao vé kénh théng tin (h), xdc sudt thoi gian hoi
phuc sy 6 tin hiéu (Php), xac sudt tmyén tin hiéu
kip thoi (Pkt), nham nang cao do chinh xdac vi tri
tau, dam bdo an toan hang hdi trong diéu khién tau
bién.

Tur khéa: ’Chd’t liwong truyén tin hiéy, kénh thong
tin, hé thong vé tinh dznh Y'i’ he ‘)sé bdo \{)é kénh
thong tin, vi tri tau bién, diéu khién tau bién.
Abstract

Maritime satellite navigation systems, defined as
satellite navigation systems applied in the maritime
domain, generally comprise the Global Navigation
Satellite System (GNSS), the maritime Differential
Global Positioning System (DGPS), or the
Satellite-Based Augmentation System (SBAS). Ship
receivers acquire signals from satellites to

accurately determine the ship position. However,
the quality of signal transmission within the
information channel of satellite navigation systems
can be significantly degraded by external factors.
These include radio interference, regional terrain
characteristics, satellite geometry, satellite orbit
and clock errors, satellite signal code biases, signal
power attenuation during  propagation,
ionospheric effects and weather conditions,... This
research focuses on evaluating the signal
transmission quality in the information channel of
satellite navigation systems through a set of
criteria: the information channel protection factor
(h), probability of signal recovery time (Php), and
the probability of timely signal transmission (Pkt).
The aim is to enhance the accuracy of ship position
for ensuring maritime safety during the voyage.
Keywords:  Signal  transmission  quality,
information channel, satellite navigation system,
information channel protection factor, vessel
position, navigation.

1. Panh gia chit lwong truyén tin hiéu trong
kénh théng tin ciia hé thong vé tinh dinh vi
hang hai

Chit lugng truyén tin hiéu trong kénh thong tin
ctia hé théng dinh vi vé tinh phu thudc nhiéu yéu t6
tac dong, c6 thé ké dén: Nhidu vo tuyén, dic diém dia
hinh khu vuye, céu triic hinh hoc vé tinh, sai sb quy dao
v€ tinh, df‘)ng hd vé tinh, ma tin hiéu vé tinh, sy suy
giam ning lugng trong qua trinh truyén tin hi¢u, tang
dién ly, didu kién thoi tiét,...

Tuy nhién, anh huong cta nhidu vo tuyén c6 tinh
chat pho bién, lién tuc va tuong ddi phirc tap, 1a yéu
t6 mot trong nhiing yéu t6 quan trong dnh huong dén
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su suy giam chat luong tin hiéu trong kénh thong tin
clia hé thong v¢é tinh. Tuy nhién, trong gidi han nghién
clru, nhom tac gia khong xét cu thé yéu t nao tac dong
dén sy suy giam chat luong tin hiéu, ma tap trung xét
truong hop c6 tinh tong quat nhat, nghia 1a khi kénh
thong tin chiu anh hudng cta cac yéu t6 ngoai canh.

Lién quan dén van dé nay, trong thoi gian gan day,
tir nam 2022 dén 2025, trong cac cong trinh di cong
b6 [1], [2], [4], tiép tuc nghién ctu sau vé hé thong vé
tinh tng dung trong hang hai, st dung nhém chi tiéu
k§ thuat an toan hang hai danh gia chat lugng kénh
thdng tin, higu qua Iam viéc tdi wu trong kénh thong
tin caa hé théng vé tinh.

Mit khéc, tir nim 2008 dén 2016, trong cic cong
trinh [3], [4], [5], [6], [71, [8], [9], [10], da cong bd
mot s6 van dé 6 tinh chat gia dinh lién quan dén dénh
gia do tin cay an toan hang hai, danh gié hiéu qua lam
viéc cua hé thong vé tinh bang cach sir dung cac tiéu
chi k¥ thuat an toan hang hai, trén co so hé s6 bao vé
kénh théng tin khi tinh toan mé phong gia dinh, khi
¢6 anh huong cua mot loai nhiéu vo tuyén trong kénh
thdng tin cua cac hé thong GLONASS, INMARSAT,
AIS,... hon nira, tir nim 2006 dén 2012, tai Lién bang
Nga, trong [13], [14], [15], d4 cong bd két qua lién
quan dén ving 13i tin hiéu do anh hudng ciia nhiu vo
tuyén, tir 46 danh gia anh huong hé s6 kénh thong tin
bao vé ciia h¢ thong vé tinh GLONASS, INMARSAT.

Tuy nhién, trong bai bao nay nhém tac gia str dung
mién hé s6 kénh thdng tin bao vé tong quét da tinh dén
anh huang cua cac yéu té ngoai canh, dé ap dung tinh
toan. Pay la diém khac co ban véi cac cong trinh khoa
hoc cua céc tac gia da cong bd trude do.

Thuec tién hang hai, ¢ nhiéu phuong phap khac
nhau dé d4nh gia chat luong truyén tin hiéu trong kénh
thong tin cta hé thong vé tinh dinh vi hang hai, hon
nita c6 nhiéu tiéu chi khac nhau c6 thé duoc lva chon
tiy thudc diéu kién ap dung, phuong phép, tinh hinh
thuc tidn, nhu: Tinh toan ven thong tin, tinh thong sudt
thong tin, sai s6 binh phuong trung binh, sai s6 hinh
hoc cia phuong phép, sai s6 do chinh xéc vi tri dinh
vi, x4c sudt an toan hang hai,... Trong giéi han nghién
ctru, nhém téc gia sir dung nhém céc tiéu chi sau:

- Hé s6 bao vé kénh thong tin (h), trong kénh thong
tin ctia hé théng vé tinh dinh vi hang hai.

- Xéc suat thoi gian hdi phuc sy ¢b tin hidu (Ppp),
tinh theo %, trong kénh thong tin ctia hé thong vé tinh
dinh vi hang hai.

- X4c suét truyén tin hiéu kip thoi (Py,), tinh theo %,
trong kénh thong tin cua hé thong vé tinh hang hai.

Dbi v6i hé s6 bao vé kénh thong tin (h): C6 thé coi

Céng nghé s6, tw dong héa va rng dung hang hai

nhu mét tiéu chi doc 1ap hodc mot phan quan trong
cua nhom ti€u chi, mdt mat dac trung cho chét luong
truyén tin hiéu théng tin trong cac kénh thong tin ciia
hé théng vé tinh hang hai, khi c6 anh hudng cua yéu
t6 ngoai canh tac dong. Mit khac, hé s6 nay khong
nhiing dic trung céu trac t6 hop ciia hé thong, ma con
thé hién cho d tin cay, chét Iwong hoat dong an toan
trong kénh thong tin ctia hé thong vé tinh hang hai.
D6i v6i hé s6 bao vé kénh thong tin dugce tinh theo
cong thue (1) [1], [3], [9], [13], [14]:
h=1-— (1)

Stmax

Trong dé: S, - Dién tich ving 15i tin hiéu do anh
huong nhidu dén kénh thong tin; Spq, = 441 don vi
dién tich (dvdt) [14], gi4 tri ving 13i tin hiéu 16n nhat.

Tir (1) phan tich va nhan xét rang: Xét vé co so 1y
thuyét va toan hoc, mién gia tri hé sb6 bao vé kénh
thong tin, hay mién hé sb bao vé téng quat bién thién
theo (2):

0<h<10 2)

Mat khac, gi4 tri h tiém can v6i hmax 13 t6i uu nhat,
khi d6 gan nhu khong co tac dong cua yéu tb phi
tuyén, ddc biét 1a cua nhidu vo tuyén. Thuc té, hoan
toan co thé xay dung mé hinh toan, tinh toan mo
phong dién tich ving 13i tin hiéu bang cac phan mém
chuyén dung khac nhau, ¢ thé sir dung phan mém
MathCad, Matlab & Simulink,... khi c6 anh huong cua
mot hay mot sé nhidu vo tuyén. Két qua tinh toan mo
phong, duoc so sanh véi mién bién thién tong quat (2),
s& tim dugc mién bién thién tdi wu, theo ting diéu kién
bién cu thé, thoa man (3) [3], [13], [14]:

hins phing <h < 1,0 3)

Chang han, ké thira két qua tmg dung chuong trinh
MathCad, tinh todn mé phong dién tich ving 15i tin
hiéu ctua hé théng v& GLONASS khi anh hudng cua
nhiéu vo tuyén, két qua nhan duogc phﬁn hién thi dién
tich vung 16i tin hidu theo truc x va y, théa man cling
thtr nguyén don vi dién tich (dvdt), 1a khoang §; =
176,5 (dvdt) [10], [13], [14], md ta theo Hinh 1.

¥

s 10 15 20

Hinh 1. Két qud tinh todn mé phéng dién tich viing
16i tin higu ciia h¢ thong vé tinh dinh vi todn ciu
GLONASS
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Tir (1), (2), (3) va két qua nhan dugc, tinh toan hé
s0 bao vé kénh thong tin theo m6 phong 13 himg phong =
0,6, thoa man mién hé sb:

06<h<10 4)

Thyc tién hang hai, mién hé sé 16n nhit mong
mudn dat dugc, khi ¢6 anh huong ciia nhidu vo tuyén
tac dong trong kénh thong tin cua hé théng vé tinh
dinh vi, théa man diéu kién (5):

09<h<10 (5)

Hon nftra, trong mién hé sb (5), c6 thé tinh toan,
mo phong va lya chon dugc mién hé s6 h tdi wru. Tuy
nhién, diéu nay phu thuc nhidu yéu té phi tuyén tac
dong, kha nang 6n dinh cua hé théng, kha nang khtwr
va loc nhidu cua bo thiét bi chuyén dung,... khi d6 chét
luong hoat dong cuia kénh thong tin dugc nang cao
tinh 6n dinh va do tin cy.

Xac suét thoi gian hoi phuc su ¢d tin hiéu (Pw):

Xac suit hoi phuc su ¢b tin hiéu c6 mbi quan h¢
chat ché va phu thudc vao hé s6 bao vé kénh thong tin,
coi nhu mot ham sb cua / va thoa méan (6):

Pip=f(h) ©)

Goi 4 1a cuong d9 xuat hién su co tin hi¢u, x 1a
cuong do hoi phuc sy ¢d tin hiéu, khi d6, hé sb ty 18
cua hai dai lugng xac dinh va théa man (7) [3], [13],
(51, [8], [13], [14]:

Thp

A
:—h = —
Y= hayy Ton

(N

Trong do: Tj, - Thoi gian 1am vi€c binh thuong cla
kénh thong tin, (s); Tgr - Thoi gian gidi han cho phép
truyén tin hiéu thong tin ctia kénh thong tin, (s).

Tir cong thire (7), truong hop tong quat hé s6 bao
vé h xac dinh theo cong thirc (8).

y=1-1 (8)

Tir (6), (7) va (8), md hinh tinh xac suit thoi gian
hoi phuc su c¢d tin hiéu trong kénh thong tin cua hé
thdng vé tinh dinh vi hang hai, khi anh hudng cua yéu
td ngoai canh, xac dinh theo cong thirc (9).

Pup =¥ X P(Tyn) = (5= 1) X P(Tgns) (9)

D6i v6i xac sut truyén tin higu kip thoi (Py):

Xac suit tin hiéu kip thoi trong kénh thong tin
(P), g6p phan nang cao do chinh xac hang hai, duoc
dac trung bé’mg X4c suét 161, hon nira, dam bao khoang
thoi gian truyén tin hiéu trong hé thong (t) khi anh
hudng ctia 16i ludn nhé hon thoi gian gidi han (tgh).

Xac suat tin hiéu kip thoi trong kénh thong tin phu
thudc chit ché vao hé sé bao vé kénh thong tin h, coi
nhu 12 mot ham sé cua h, thoa méan diéu kién (10):

Py, = f(h) (10)
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Xéc sut truyén tin hiéu kip thoi P theo hé s6 bao
vé kénh thong tin h cta hé théng vé tinh dinh vi hang
hai dugc xac dinh theo cong thie (11).

Pon = [h+ (1 —h) x e=@+WY] x e *Teni (11)

Trong dé: t - khoang thoi gian chuyén tiép khi thoi
diém bt dau can thiép ctia yéu t6 ngoai canh va khong
vuot qua 2 gidy, dong thdi u = ymax = 2, theo Nghi quyét
A.953 (23) nam 2003 va dugc bd sung, stra doi theo
Nghi quyét A.1046 (27) ndam 2011, cta T6 chirc Hang
hai Thé gi¢i IMO [11], [12], nghia 1a thoa man (12):

<tgy<2s (12)
2. Két qua tinh toan chét lwong truyén tin hiéu
trong kénh thong tin ciia hé thong vé tinh dinh
vi hang hai
Két qua tinh toan chat luong truyén tin hiéu trong
kénh thong tin ctia hé théng vé tinh dinh vi hang hai,
dugc ké thira va ing dung tir két qua dat duogc theo (4).
St dung phan mém Excel, cho két qua tinh toan
chi tiét xac suét thoi gian hoi phuc su ¢d tin hiéu va
xac sudt truyén tin hiéu kip thoi trong kénh thong tin
ctia h¢ thbng GLONASS, mb ta Bang 1 va Bang 2.

Bing 1. Két qud tinh todn xdc suit xdc sudt thoi
gian hoi phuc sw co tin hi¢u Pup theo hé sé béo vé h

Xic sufit thér gian hi phuc sy cb tin higu (Pyp)
b ! Tn=1 | Ter=2 | Te=3 | Ten=4 | Tan=5|
0.60 | 0,67 0.67 1.33 2,00 2,67 3.33
0,70 | 0,43 0.43 0.86 1.29 1.71 2.14
0.80 | 025 0.25 0.50 0.75 1.00 1.25
0,50 | 0,11 0.11 0,22 0.33 0.44 0.56
1.00 | 0,00 0.00 0.00 0.00 0.00 0.00

Bing 2. Két qud tinh todn xdc sudt truyén tin higu
kip thoi Pis theo hé s6 bio vé h

Xic sut truyén tin higu kip théi (Pa)
h T r

Ta=1 Tew=2 | Tee=3 | Te=4 | Tm=3
0.60 | 0,667 | 1,333 | 0,162 0,043 | 0,011 | 0,003 0,001
0.70 | 0,429 | 0.857| 0304 0,129 | 0,055 | 0,023 0,010
0.80 | 0,250 | 0,500 | 0495 0,300 | 0,182 | 0110 | 0,067
0,50 | 0,111 | 0222 | 0729 0,584 | 0468 | 0374 | 0300
1.00 | 0,000 | 0,000 [ 1.000 1,000 | 1,000 | 1.000 1,000

Tir két qua Bang 1 va Bang 2, xay dung dd thi quan
hé gitra x4c suét xac suat thoi gian hdi phuc sy ¢b tin
hidu va x4c suét truyén tin hidu kip thoi véi hé s bao
vé h trong kénh thong tin ctia hé théng GLONASS khi
anh hudng ctia nhiéu mé ta theo Hinh 2 va Hinh 3.
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3. Phin tich, dinh gia két qua tinh toan chat
lwong truyén tin hi¢u trong kénh théng tin ciia
hé thong v¢ tinh dinh vi hang hai

- Bdi v6i xac suét thoi gian hoi phuc su b tin hiéu
Pip(%), theo h¢ s6 bao vé kénh thong tin ciia hé thong
vé tinh, phan tich, danh gia két qua theo Bang 1 va
Hinh 2, nhan xét rang:

D6 thi md ta quan hé xac suét thoi gian hoi phuc
su ¢d tin hiéu v6i hé sb bao vé theo Hinh 1 cb dang
duong thang. Cu thé xac suit Py, s& giam khi h¢ s6
bao v¢ h tang theo va nguoc lai:

Chang han, xét truong hop cing gia tri Tens=3s,
khi tang hé s6 h=0,10, thi gié tri xac suat thoi gian hoi
phuc su ¢6 tin hiéu Prp(%) s€ gidm, muc d giam phu
thudc mién hé sb h.

Khi 0,60 <h <0,70, thi xac suat Ppp giam tir 2,00%
xudng 1,29%, tirc 1a giam 0,71%.

Khi 0,70 <h < 0,80, thi x4c suat Py, giam tir 1,29%
xudng 0,75%, tic 1a giam 0,54%.

Khi 0,80 <h <0,90, thi x4c suat Py, giam tir 0,75%
xudng 0,33%, tic 1a giam 0,42%.

Khi 0,90 <h < 1,0, thi xac suét Ppp giam tir 0,33%
xudng 0,00%, tic 1a giam 0,33%.

- D6i voi gid tri Ty, khac, hoan toan twong tu phan
tich, danh gia két qua tinh toan xac suat thoi gian hoi
phuc su ¢6 tin hidu Py, va nhéan duogce gia tri muc do %
giam cu thé.

Mit khac, tir Bang 1, chang han, xét cung hé sé
bao vé h=0,6, khi tang gia tri thoi gian gidi han cho
phép Ta=1s, thi xac sut P,(%) s& ting déu va dat
khoang 0,66%, cu thé:

Khi Is < T < 2s, thi xac suat Py, ting tir 0,67%
dén 1,33%, tic 1a ting 0,66%.

Khi 2s < T < 3s, thi xac sut Py, tang tir 1,33%
dén 2,00%, tic 14 ting 0,67%.

Khi 3s < T < 4s, thi xac suat Py, ting tir 2,00%
dén 2,67%, tirc 1a tang 0,67%.

Khi 4s < Tgn < 5s, thi xac suat Py, ting tir 2,67%
dén 3,33%, tic 1a ting 0,66%.

- Bbi véi xac sudt thoi truyén tin hidu kip thoi Py,
theo hé s6 bao vé kénh thong tin cia hé théng v¢ tinh,
phan tich, danh gi4 két qua theo Bang 2 va Hinh 3,
nhan xét rang:

D6 thi mo ta quan hé xac sudt truyén tin hiéu kip

thoi vai hé sb bao vé theo Hinh 3 ¢6 dang dudng thing.

Cu thé xéac suit P (%) s& ting, khi hé sé bao vé htiang
theo va nguoc lai:

Chang han, xét truong hop cing gid tri Tens=3s,
khi tang hé s6 h=0,10, thi gia tri xac sudt truyén tin
hiéu kip thoi Py s€ tang va muc tang kha nhanh, phu
thudc mién hé s6 A.

Céng nghé s6, tw dong héa va rng dung hang hai

Khi 0,60 <h < 0,70, thi xac suit Py, tang tir 0,011%
dén 0,055%, tic 1a tang 0,044%.

Khi 0,70 <h < 0,80, thi x4c sut Py, ting tir 0,055%
dén 0,182%, tirc 1a ting 0,127%.

Khi 0,80 <h <0,90, thi x4c sut Py, tang tir 0,182%
dén 0,486%, tirc 1a ting 0,304%.

Khi 0,90 < h < 1,0, thi xac suét Py, ting tir 0,486%
dén 1,00%, ttc 1a ting 0,514%.

- Dbi véi gia tri Tgn khéac, hoan toan tuong tu phan
tich, danh gia két qua tinh toan x4c suat truyén tin hi¢u
Py va nhén duoc gia tri mirc 6 % tang cu thé.

Mit khac, tir Bang 2, ching han, xét cting hé s6 bao
vé h=0,6, khi tang gia tri thoi gian gidi han cho phép
Ta=1s, thi xac suit Py(%) giam kha nhanh, cy thé:

Khi 1s < Tgp < 2s, thi x4c suat Py, giam tir 0,162%
xudng 0,043%, tirc 1a giam 0,119%.

Khi 25 < Tgn < 3s, thi x4c suat Py gidm tir 0,043%
xudng 0,011%, tirc 1a giam 0,032%.

Khi 3s < Tgp < 4s, thi x4c suét Py, giam tir 0,011%
xudng 0,003%, tic 1a giam 0,008%.

Khi 4s < Tgn < 5s, thi x4c suat Py, giam tir 0,003%
xudng 0,001%, tirc 1a giam 0,002%.

Php

0.6 0.7 0.8 0.9 1

Hinh 2. Dé thi mé ti xidc suit thoi gian héi phuc
sw cd tin hiéu va hé s6 bdo vé kénh théng tin, khi
biét Toni

Pth
1

08
0.6
04

0.2

0
0.6 0.7 0.8 09 1

Hinh 3. D6 thi mé ti xdc suit truyén tin hiéu kip
thoi va hé sé bdo vé kénh thong tin, khi biét Teni
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4. Két luan

Bai bao thuc hién danh gia chat lugng truyén tin
hi€u trong kénh thong tin ctia hé théng v€ tinh dinh vi
hang hai, theo mién hé s bao vé kénh thong tin, thong
qua hai chi tiéu quan trong 1a xac suit thoi gian hoi
phuc su ¢d tin hiéu va xac suét truyén tin hi¢u kip thoi.

Tir két qua tinh toan chit lugng truyén tin hiéu
trong kénh thong tin ciia hé théng v¢ tinh dinh vi hang
hai, két luan rang: Dé cai thién chat luong truyén tin
hiéu trong kénh thong tin ctia hé théng v¢ tinh dinh vi
hang hai, gép phan nang cao d6 chinh xac an toan
hang hai, cn thue hién:

Giam gia tri xac suat hoi phuc su ¢d tin hiéu Py
cang nho cang tot, khi gia tri thoi gian giéi han cho
phép Tgni nhod nhét, nghia la: Tehi = Teghimin — 0s. Trong
truong hop nay, so sanh twong ddi hai mién hé s bao
v¢ 0,60 <h < 0,70 v6i 0,90 < h < 1,0, thi x4c suat Py,
giam tir 0,71% xuéng 0,33%, trc 1a giam 0,38%.

Tang gi4 tri x4c suat truyén tin hiéu kip thoi Py,
khi giam gid tri Ten, nghia 1a: Pyp=Puhmax, khi
Teni=Tghimin — 0s. Truong hop nay, so sanh tuong ddi
hai mién hé s6 bao vé 0,60< h <0,70 v4i 0,90<h <1,0,
thi xac suat Py ting tir 0,044% dén 0,514%, tic la
tdng 0,47%.

Hon nira, trén co s hai chi tiéu nay theo hé sé
kénh thong tin bao vé, hoan toan c6 thé nghién ciru
ma& rdng vdi cac chi tiéu khac, chéng han: Xéc sut an
toan hang hai, sai $6 trung binh d9 chinh xac vi tri tau
bién, sai s6 binh phuwong trung binh phuong phép, suy
giam nang lugng truyén tin hiéu do dic diém dia hinh,
trong khong gian tu do, téng dién ly, diéu kién mura,
anh huong cua khi quyén, diéu kién thoi tiét, dai tin
s0, quy dao vé tinh,...
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