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Tém tiit

Hé théng vi sai hang hai DGPS dwogc thiét lip
nham nang cao do chinh xdc cua hé thdng dinh vi
vé tinh toan cau GPS, béng cach sw dung mot
mang ludi cac tram mat dat cé dinh dé phat tin
hiéu, v&i vi tri da biét chinh xdc. Hé théng g&m ba
khéu co ban: Khau vé tinh, khau mat dat va khdu
st dung. Trong qua trinh hoat dong, kénh thong
tin trong hé thong vi sai hang hai DGPS luén bi
tdc ddng ciia cac yéu té ngoai canh, da anh hiong
dén chat lwong truyén tin hiéu cia hé thong
DGPS. Chdt lwong truyén tin hiéu trong kénh
théng tin ciia hé thong DGPS, dwoc dic tring boi
hé s6 bao vé kénh thong tin. Bai bao thuc hién xay
dung mé hinh todn, tinh todn xdc sudt thoi gian
phuc héi s ¢é tin hiéu trong kénh thong tin cia
hé thong DGPS trén co s¢ hé s6 bao vé kénh thong
tin, gop phan ndng cao d chinh xdc va dg tin cdy
trong linh vuc an toan hang hdi.

Tw khoa: Sy gé tin hiéu, thoi gian héiphuc sw co
tin hiéu, hé so bao vé kénh thong tin, hé thong vi
sai hang hdi.

Abstract

The maritime differential global positioning
system (DGPS) is established to improve the
accuracy of the GPS global satellite positioning
system by using a network of fixed ground stations
to transmit signals, with known exact locations.
The system consists of three basic stages: the
Satellite stage, the ground stage, and the user
stage. During operation, the information channel
in the DGPS is always affected by external

factors, which affect the signal transmission

quality of the DGPS system. The signal
transmission quality in the DGPS's information
channel is characterized by the channel protection
factor. This research builds a mathematical
model, calculates the probability of signal failure
recovery time in the DGPS's information channel
based on the channel protection factor,
contributing to improving the accuracy and
reliability in the field of maritime safety.

Keywords: Signal failure, signal failure recovery

time, communication channel protection factor,
differential global positioning system (DGPS).

1. Mién hé sé bao vé kénh théng tin ciia hé
thong vi sai hang hai DGPS

Hién nay, véi myc dich st dung trong hang hai,
hau hét cac nude cd bién déu co tir mot dén nhidu tram
hé théng DGPS. Tinh dén thang 6/2025, khoang 550
tram hé théng vi sai DGPS trén thé gidi duoc thiét lap,
xay dung va dang hoat dong on dinh phuc vu linh vyc
an toan hang hai. Tai Viét Nam, c6 6 tram DGPS dat
tai thanh phd va cac tinh, nhu: TP. Hai Phong (Do
Son), Viing Tau, Ha Giang, Cao Bang, Lai Chau,
Quang Nam.

Heé théng vi sai DGPS gém 3 khau co ban sau:

- Khau vé tinh: Hé théng vé tinh dinh vi toan cau
GPS;

- Khau mat dat: Tram DGPS mat dét (hay con goi
1a tram tham chiéu), cling c6 thé 1a mot mang ludi gom
mot s6 tram mat dat, bao gdm trung tam diéu khién
DGPS;

- Khau str dung: May thu DGPS trén tau bién.

Hé¢ thong vi sai hang hai DGPS thuong sir dung
phuong phéap hi¢u chinh khoang cach gia hoac hiéu

SO 84 (11-2025)



TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161
g z
KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHN(

chinh vi tri xac dinh, dé hiéu chinh sai s6, nhdm muc
dich nang cao do chinh xac, cai thi¢n do tin cdy trong
viée xé4c dinh vi tri tau bién [1], [4].

Hé sb bao vé kénh thong tin (ky hiéu hy), didc
trung cho chat lugng truyén tin hi¢u thong tin trong
cac kénh thong tin cua hé théng DGPS, khi ¢6 anh
huong cua yéu t6 ngoai canh, dic biét 1a anh hudng
ctia nhidu vo tuyén.

He¢ s6 nay khong chi dic trung chat lugng bao vé
kénh thong tin, céu trac td hop cua hé thong ma con
dac trung cho d9 tin cay, chét lugng hoat dong an toan
trong kénh thong tin ctia hé théng va duoc tinh theo
cong thuce (1) [3], [4], [6]:

31

(1

Trong d@6: S, - Dién tich ving 15i tin hidu (ving

hpvee =1 — 3
Imax

chét tin hiéu, su cd tin hiéu, vung cam tin hi¢u...),
trong truong hop anh huong ciia nhidu dén kénh thong
tin; Sinax = 441 don vi dién tich (dvdt), gia tri ving
18i tin hiéu 16n nhat.

Tir cong thire (1) phan tich va nhan xét ring: Mién
gi4 tri hé s6 bao vé kénh thong tin hupy theo 1y thuyét
bién thién theo (2):

0 <hppee <1 )

2. Xay dung cong thirc tinh xic suit thoi gian
phuc hoi sw co tin hiéu theo mién hé so bao vé
kénh thong tin cia hé thong DGPS

Dé danh gia chit luong truyén tin hiéu trong kénh
thong tin ciia hé théng DGPS, phuy thudc vao nhiéu yéu
td, hay tiéu chi khac nhau, nhu: Anh hudng cua nhiéu,
tang dién ly, dia hinh, diéu kién khi tuong, suy giam
nang luong trong qua trinh truyén tin hiéu, xac suat an
toan hang hai, xac xuét truyén tin hiéu kip thoi,...

Trong do6, xac xuat thoi gian hdi phuc su ¢d tin
hiéu 12 mot trong nhiing tiéu chi quan trong dé danh
gia chét lwong truyén tin hiéu, thé hién muc do tin cay
trong kénh thong tin, gop phan nang cao do chinh xac
an toan hang hai, kha nang thong qua, dd tin cdy, tinh
toan ven va khu vuc lam viéc cta hé théng DGPS theo
yéu cau ctia T6 chirc Hang hai Thé gigi IMO [2], [7],
khi anh hudng cua yéu tb ngoai canh, dac biét 1a cia
nhiéu v6 tuyén.

Xac suét hdi phuc sy ¢b tin hiéu phu thudc chat
ché& vao hé s6 bao vé kénh thong tin. Nghia 13, biét
duogc gia tri cua hé s6 bao vé kénh thong tin va thoi
gian cho phép truyén thong tin kip thoi trong hé thong,
hoan toan c6 thé tinh toan dugc sic xuat thoi gian hoi
phuc su ¢4 tin hiéu.

St dung cong cu 1y thuyét do tin cay ung dung

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

trong hang hai phuc vu cong tac xay dung cong thirc
toan [3]. Goi A la cuong do xuét hién su ¢cb tin hiéu va
1 1a cuong do hdi phuc sy ¢b tin hiéu, khi d6, hé sb ty
1€ cua hai dai lugng xéc dinh theo cong thuce (3) [6]:

2
y== 3)
hoac:
Thp
= — 4
Y= T 4)

Trong d6: Ty, - Thoi gian lam viéc binh thuong
clia kénh thong tin trong hé¢ thdng DGPS, (don vi 1a
gidy, ky hiéu s); T, - Thoi gian gidi han cho phép
truyén tin hiéu thong tin ciia kénh thong tin trong hé
thong DGPS, (don vi 1a gidy, ky hiéu s) va gia tri dam
béo rang Teni<10s, voii=1+10s [2], [7].

C6 thé mo ta mbi quan hé giita sic xudt thoi gian
hdi phuc su ¢b tin hidu (don vi tinh %) va hé s6 kénh
bao vé thong tin theo ham sb toan hoc (5).

Php = f(hpyee) Q)

Tir cong thirc (3), (4), truong hop téng quat hé s6
bao v¢ hyw xac dinh theo cong thire (6) [5], [6].

_ _k __Tgn

howte = 3 = 7t ()
1
hppee = 1y @)
hay:
1

= -1 8
14 hpvet ®)

Tir cong thirc (8), ludn ludn ton tai hé sé bao vé
trong kénh thong tin ctia hé thong DGPS, nghia 1a thoa
man diéu kién hpy#0.

Cong thirc tinh x4c sudt thoi gian hdi phuc su ¢b
tin hiéu trong kénh thong tin ctia hé théng DGPS khi
anh huong cua yéu té ngoai canh, duge xay dung theo

9) 131, [5]. [6].
Pup =¥ X P(Tgn) = (== 1) X P(Tyn) (9)

3. Két qua tinh toan xac suit thoi gian phuc
hdi sw ¢6 tin hiéu theo mién hé s6 bao vé trong
kénh théng tin ciia h¢ thong DGPS

Tir cong thirc (9), sir dung phin mém Excel, cho
két qua tinh toan chi tiét x4c sudt thoi gian hdi phuc
su ¢ tin hiu, thé hién trong Bang 1.

Tir két qua nhan dugc theo Bang 1, xdy dung do
thi quan hé gitra x4c suét thoi gian hdi phuc sy ¢b tin
hiu va hé s6 bao vé kénh thong tin:

- Truong hop téng quat chung khi 0< hpy <1,0 mo
ta theo Hinh 1.
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Bing 1. Két qud tinh todn xdc sudt thoi gian hoi phuc sw co tin hi¢u theo mién hé sé bio vé kénh théng tin ciia h¢

théng DGPS 16 0 < hpw < 1,0

Gia tri xac suat thai gian hoi phuc sw co tin higu (Pnp)
Rbutt v P(Tghi) < P(Tepj); 0 <1i,j <10 (s)
Tght Tgh2 Tghz Tgha Tgns Tgne Tgn7 Tgns Tgho Tgh1o
= =2 =3 =4 =5 =6 =7 =8 =9 =10
0,10 9,00 9,00 18,00 | 27,00 | 36,00 | 45,00 | 54,00 | 63,00 | 72,00 81,00 | 90,00
0,20 4,00 4,00 8,00 | 12,00 | 16,00 | 20,00 | 24,00 | 28,00 | 32,00 36,00 | 40,00
0,30 2,33 2,33 4,67 7,00 9,33 | 11,67 | 14,00 | 16,33 18,67 21,00 | 23,33
0,40 1,50 1,50 3,00 4,50 6,00 7,50 9,00 | 10,50 | 12,00 13,50 | 15,00
0,50 1,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00 9,00 10,00
0,60 0,67 0,67 1,33 2,00 2,67 3,33 4,00 4,67 5,33 6,00 6,67
0,70 0,43 0,43 0,86 1,29 1,71 2,14 2,57 3,00 3,43 3,86 4,29
0,80 0,25 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00 2,25 2,50
0,90 0,11 0,11 0,22 0,33 0,44 0,56 0,67 0,78 0,89 1,00 1,11
0,91 0,10 0,10 0,20 0,30 0,40 0,49 0,59 0,69 0,79 0,89 0,99
0,92 0,09 0,09 0,17 0,26 0,35 0,43 0,52 0,61 0,70 0,78 0,87
0,93 0,08 0,08 0,15 0,23 0,30 0,38 0,45 0,53 0,60 0,68 0,75
0,94 0,06 0,06 0,13 0,19 0,26 0,32 0,38 0,45 0,51 0,57 0,64
0,95 0,05 0,05 0,11 0,16 0,21 0,26 0,32 0,37 0,42 0,47 0,53
0,96 0,04 0,04 008 | 013 | 0,17 | 0,21 | 0,25 | 0,29 0,33 0,38 0,42
0,97 0,03 0,03 006 | 009 | 012 | 0,15 | 0,19 | 0,22 0,25 0,28 0,31
0,98 0,02 0,02 0,04 | 006 | 008 | 0,0 | 0,12 | 0,14 0,16 0,18 0,20
0,99 0,01 0,01 0,02 | 0,03 | 0,04 | 0,05 | 0,06 | 0,07 0,08 0,09 0,10
1,00 0,00 0,00 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00 0,00
- Xay dung cho céac truong hop mién hé sb bao vé
A . £ N A Lo Php

hpvie 16n nhat, khi 0,90< hpye < 1,0, két qua mo ta theo 12 e = o

Hinh 2. 1 Tgh3=3 —e—Tghd4=4

B —e—Tgh5=5  —e—Tgh6=6

. Tgmt =1 Tonz=2 » —-Tgh7=7  —e—Tgh8=8

——Toh5=5

—e—Ton7=7

Tgn3=3

—e—Toh10 = 10

—e—Tghd =4

—a—Tah6=6

—s—Tohg=8

Hinh 1. D6 thi mé ti quan hé xdc sudt théi gian héi

phuc sw ¢6 tin higu va hé s6 bio vé kénh thong tin
v6i 0 < hpwe < 1,0 ciia h¢ théng DGPS, khi biét thoi

gian gioi han cho phép Tgni

4. Phan tich va danh gia két qua tinh toan xac
suat thoi gian phuc hoi su co tin hiéu trong

kénh théng tin ciia h¢ théng DGPS

Phan tich, danh gia két qua theo Bang 1, Hinh 1 va
Hinh 2, nhan xét réng:

—e—Tgh10=10

02

Hinh 2. P thi mé ti quan hé xdc sudt thoi gian héi
phuc sw ¢é tin higu va he s6 béio vé kénh théng tin
véi 0 < hpwe < 1,0 ciia hé théng DGPS, khi biét thoi

gian gioi han cho phép Tgni

- B thi mé ta quan hé xéac suét thoi gian hdi phuc
su ¢ tin higu voi hé s6 bao vé theo Hinh 1 va Hinh 2,
c¢6 dang duong thang. Thé hién 1 sy phy thudc rang:
Xac suét T wp s€ giam khi hé s6 bao V€ hpy tang va
nguoc lai, cy thé:

Truong hop tong quat voi mién hé sé bao vé
O0<hpw < 1,0, mo ta Hinh 1, chéng han, cung gia tri
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Tens=3s, khi tang h¢ s hu=0,10, thi xac sudt thdi
gian hdi phuc sy ¢6 tin hiéu Py, s& giam, mirc d6 giam
s€ khac nhau, phu thudc chat ché vao mién hé s8 .

Khi 0,10 < hpy < 0,20, thi Py, giam tir 45,00% dén
20,00%, tirc 1a giam 25%.

Khi 0,20 < hpy < 0,30, thi Py, giam tir 20,00% dén
11,67%, tc 1a giam 8,33%.

Khi 0,30 < hpy < 0,40, thi Py, giam tir 11,67% dén
7,50%, tirc 1a giam 4,17%.

Khi 0,40 < hpy < 0,50, thi Py, giam tir 7,50% dén
5,00%, tire 1a giam 2,5%.

Khi 0,50 < hpyi < 0,60, thi Py, giam tir 5,00% dén
3,33%, tc 1a giam 1,67%.

Khi 0,60 < hpy < 0,70, thi Py, giam tir 3,33% dén
2,14%, tirc 1a giam 1,19%.

Khi 0,70 < hpy < 0,80, thi Py, giam tir 2,14% dén
1,25%, tirc 1a giam 0,89%.

Khi 0,80 < hpy < 0,90, thi Py, giam tir 1,25% dén
0,56%, tic 1a giam 0,69%.

Khi 0,90 < hpy < 1,0, thi Py, giam tir 0,56% dén
0,00%, ttrc 1a giam 0,56%.

Tuong tu, hoan toan phan tich, danh gia két qua
tinh toan x4c suét thoi gian hdi phuc sy ¢b tin hiéu Py
d6i v6i cac gia tri Ty, khac nhau.

Xét mién hé sb bao vé 16m nhét 0,90< hyw< 1,0, c6
thé coi la 1a mién tbi wu, ludn tiém can voi gia tri h¢
s6 16n nhét Apyumac=1, md ta Bang 1 va Hinh 2, véi d6
thi c6 dang dudng thing tuyén tinh. Két qua minh
chimg cy thé va tudong minh nhu sau:

Chang han, cing gia tri Ts=3s, ting hé sb
hpw=0,01, thi xac suat Php giam tuong do6i déu va
chénh léch khong qué 2%, cu thé:

Khi 0,90 < hpy < 0,91, thi Py, giam tir 0,56% dén
0,49%, tic 1a giam 7%.

Khi 0,91 < hpy < 0,92, thi Py, giam tir 0,49% dén
0,43%, tic 1a giam 6%.

Khi 0,92 < hpy < 0,93, thi Py, giam tir 0,43% dén
0,38%, tic 1a giam 5%.

Khi 0,93 < hyy < 0,94, thi Py, giam tir 0,38% dén
0,32%, tic 1a giam 6%.

Khi 0,94 < hyy < 0,95, thi Py, gidm tir 0,32% dén
0,26%, tic 1a giam 6%.

Khi 0,95 < hpyi < 0,96, thi Py, gidm tir 0,26% dén
0,21%, tic 1a giam 5%.

Khi 0,96 < hpy < 0,97, thi Py, giam tir 0,21% dén
0,15%, tic 1a giam 6%.

Khi 0,97 < hpy < 0,98, thi Py, gidam tir 0,15% dén
0,10%, tic 1a giam 5%.
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Khi 0,98 < hyyi < 0,99, thi Py, giam tir 0,10% dén
0,05%, tirc 1a giam 5%.

Khi 0,99 < hpy < 1,0, thi Py, giam tir 0,05% dén
0,00%, tirc 1a giam 5%.

Mit khéc, tir Bang 1, ching han, cung hé sé bao
v€ hpy=0,10, khi tang gia tri thoi gian gidi han cho
phép T=1s, thi xac suit P;, sé ting déu va cung dat
gid tri rat 16n bang 90%, thi xac suit Py, s& ting déu
va bé'mg Py=0,9%, cu thé:

Khi 1s < Tgn2 < 2s, thi Py, ting tir 9,00% dén
18,00%, tuc 1a tang 90%.

Khi 2s < Tan3 < 3s, thi Py, ting tir 18,00% dén
27,00%, tirc 1a ting 90%.

Khi 3s < Tgn34 < 4s, thi Py, ting tir 27,00% dén
36,00%, tirc 1a ting 90%.

Khi 4s < Tgnas < 5s, thi Py, ting tir 36,00% dén
45,00%, tc 1a ting 90%.

Khi 55 < Tgnss < 6s, thi Py, ting tir 45,00% dén
54,00%, tirc 1a ting 90%.

Khi 6s < Tgne7 < 7s, thi Py, ting tir 54,00% dén
63,00%, tirc 1a ting 90%.

Khi 7s < Tgn7s < 8s, thi Py, ting tir 63,00% dén
72,00%, tirc 1a ting 90%.

Khi 85 < Tgnso < 9s, thi Py, ting tir 72,00% dén
81,00%, tirc 1a ting 90%.

Khi 95 < Tgno,10 < 10s, thi Py, ting tir 81,00% dén
90,00%, tirc 14 ting 90%.

Phan tich chi tiét khi ting thoi gian giéi han cho
phép Tei=100%, v6i cung hé sd hpy=0,95, trong
mién hé 6 16n nhat 0,90< hp<I, 0, thi gia tri xac Ssuét
Pj, ting twong ddi déu, 6n dinh va chénh léch khong
qua 1%. Tuong Ung, tang gia tri Te,=1%, thi Py, tang
déu va khong qua 0,01%.

5. Két luan

Bai bao phan tich chét lugng truyén tin hiéu trong
kénh thong tin théng qua mién hé sb bao vé kénh
thong tin cua hé théng vi sai hang hai DGPS. So sanh
mot tuong ddi mién hé sb dau nho nhat 0,70< hpy
<0,2 v6i mién hé sb cudi 16n nhat 0, 90< hy, < 1,0, khi
tang hé $6 hpu=10%, thi xac suét Py, gidm manh, tur
25% xudng 0,56%, tirc 1a giam AP,,=25%-0,56%=
24,44%.

Tuong duong néu tang hé sé hny=1%, thi xac suit
Py giam 2,444%. Xéc suat Py, giam rat nhanh va 1o
rét khi hé s tang nhanh va tiém can dén 1,0.

So sanh 2 trudng hop da duara ¢ trén, voi cung hé
50 bao vé thong tin hpy=0,10 va hy, =0,95, cling ting
gié tri Tyu=100%, nhan thiy rang: Mtc d¢ chénh léch
trung binh gié tri xac suat Py, ting rat 16n:
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APrp=90% - 6% = 94%.

Hay tuong duong néu ting Ty,=1%, thi gia tri xac
suat Py, ting 0,94%.

Dé goép phan nang cao d6 chinh x4c an toan hang
hai, trong truong hop ndy muc tiéu can dat dwoc 1a
giam gid tri xac suat Pj, cang nho cang tot, khi gia tri
thoi gian gigi han cho phép Ty nho nhét, nghia 1a: Tgy;
= Tghimin — 0s.

TAI LIEU THAM KHAO

[1] Chung Nghia, Péng Vin Hudng, Ding Dinh
Chién, Vii Dang Thai (2024). Phdn tich mién xdc
dinh hé sé bdo vé kénh thong tin cua hé thcfng Vi
sai hang hai DGPS. Tap chi Giao thong van tai,
S6 7/2024, tr. 99-101.

[2] TS.TTr. Pham Ky Quang, ThS.TTr. Nguyén Thai
Duong, TS.TTr. Nguyén Phung Hung (2012),
Giao trinh Pia van Hang hai, tdp 1, 2, 3, NXB.
Khoa hoc va K¥ thuat; NXB. GTVT, Ha Noi.

[3] PGS.TS. Pham Ky Quang, PGS.TS. Pinh Xuan
Manh (2014), Ly thuyét dé tin cdy hang hai. NXB.
Hang hai, Hai Phong.

TAPCHi  ISSN: 1859-316X, e-ISSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI
LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

[4] Pham Ky Quang, Nguyén Xuan Phuong (2016).
Xay dung mé hinh toan danh gia hiéu qua lam viéc
161 wu trong cdc kénh théng tin cia hé thong dinh vi
vé tinh toan cau GPS, Tap chi Giao thong van tai.

[5] ®am Ku Kyanr. Hccredoosanue enuanus
NEKMPOMASHUMHOU 3auuyéHHocmu
UHMOPMAYUOHHBIX —~ KAHAN08 — UUPOKO3OHHBIX

ougpgepenyuanvHbIx nOOCUCmemM HA MOYHOCHb
MOHUMOPUHEA U YNPAGLEHUs OBUICEHUEM CYO08,
Cankr-IletepOyprekuii roCyAapCTBEHHbII
YHHUBEPCUTET BOJHBIX KOMMYyHHMKauil, c.169,

2010.

[6] FO.I. BumnHeBckwuii.,

nopasitCerusl CUCHAIos8 U IJ1eKMpOMAaACHUMHRAs

A.A. Cuxkapes. Ilona

3AUUWEHHOCMb  UHQOPMAYUOHHBIX — KAHANO8
ACVYJIC, M.: CII6 “Cynoctpoenue”, 356¢, 2006.

[7] T6 chirc Hang hai Thé gi6i IMO. Nghi quyét A.953
(23), vé hé th(jng vé tinh dinh vi toan cdu, 2003.

Ngay nhan bai: 31/07/2025
Ngay nhan ban stra: 05/08/2025
Ngay duyét dang: 04/09/2025

194

SO 84 (11-2025)




