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ANH HUGNG TANG DIEN LY VAO TRI BO GPS
VA BIEN PHAP KHAC PHUC
EFFECTS OF IONOSPHERE ON GPS MEASUREMENTS AND REMEDIES

Tém tit:
Bai béo trinh bay anh hudng cua tang dién ly
dén tri do GPS. Tir d6 dua ra nhimg phuong phap,
moé hinh khic phuc nhiing anh huong d6 va hiéu
qua cua tung mo hinh.
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Abstract:

This paper presents the influence of ionosphere
on GPS measurements. From there, methods and
models are proposed to overcome those effects and
the effectiveness of each model.
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1. Gi6i thi¢u tang dién ly

Tang dién ly 1 ving khi quyén ¢ do cao tir 50
km dén khoang 1000km so v&i bé mat Trai Dat [1].
Dic diém cua tang nay 1a cang 1én cao cang nong.
O dd cao 400km cach mat dat, nhiét do vao khoang
3.000 - 4.000 d6 C do burc xa tia tir ngoai tir mat
tro1 hodc do cac hat giau nang lugng co trong gio
Mat Troi da ion héa mot phan cac phéan tir khi &
day va giai phong céc electron tu do, vi thé ting
nay goi 1a ting dién ly.

Ban than toan bo tang dién ly x4p xi 1a mot
plasma, c6 nghia 1a sb dién 4m va dién duong nhu
nhau. Tuy nhién, cac electron trong ban than ting
dién ly thay doi phuic tap. Ciling giéng bat ky mot
tin hiéu dién tir nao truyén qua mdi trudng ion hoa,
cac tin hi¢u GPS ciling chiu anh hudng cua tinh
chat khuéch tan phi tuyén ctia méi truong nay [1].

Cac tin hiéu thu nhan duogc tir v€ tinh bi tac
dong boi nhiéu ngudn sai s khac nhau. Theo tai
liéu [2], &nh hudng céc sai s6 dén tri do GPS nhu
sau:

Bdng 1: Anh huwong cac logi sai $6 dén tri do GPS

.o A Pon vi tinh
Loai sai so :

(m)
Tang dién ly 5,0
Tang dbi luu 1,5
Sai s6 vé tinh va quy dao 5,0
Do nhiéu tin hiéu may thu 1,5
Hién tugng da duong 2,5

Tir bang 1 cho thdy sai s thiét bi do GPS giy
ra do anh hudng cia tang dién ly 1a rat 1on. Va cho
dén hién nay, ngudi ta van chua c6 phuong phap
nao loai bd duge 100% anh hudng cua tﬁng dién
ly. Do d6, viéc tim hiéu cac bién phap nhim han
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ché sy anh hudng nay da va dang dugc nhic¢u sy
quan tam va nghién ctru.

2. Phuong phap nghién ctru

Phuong phéap téng quan tai liéu: Nham thu
thap, tong hgp cac thong tin, so6 li€u tir cac tai lidu
va cac cong trinh nghién ctru cé lién quan trudc
day ve tang dién ly, anh huong cua tang dién ly vao
tri do GPS va céc bién phap khac phuc da dugc ap
dung hi¢u qua.

3. Anh hwéng ciia ting dién ly

3.1 Céu tric tin hi¢u ciia vé tinh va phwong
trinh tri do GPS

Cac vé tinh GPS phat tin hiéu trén hai tan s6
song dién tu: L1 = 1575,42 MHz va L2 = 1227,3
MHz [3].

Trén cac tan sb song cuc ngén nay, tin hi¢u
truyén di rat tdp trung theo hudng phat, cé thé
Xuyén qua mdy, swong mu va mua nhung dé bi
khoéa va phan xa tir cdc vat rdn va mat nudc. Céc
tin hiéu vé tinh bao gém:

- Hai song tai (L1, L2)

- Mi do khoang cach diéu bién trén cac song
tai

- Thong bao hang hai

Phuwong trinh tri do ma

Gia su tin hi¢u phat ra tr anten GPS ¢ thoi
diém t_(theo ddng hd vé tinh). Tin hiéu dén anten
mdy thu vao thoi diém t, (theo dong h6 may thu).
Theo dinh nghia, tri do gia cy ly duoc do bang
cong thic [1]:

P=c(t, -t )=ct (1.1)

Nhung do anh huéng ctia nhidu ngudn sai sd
nhu sai s6 dong ho v¢ tinh, sai s6 dong ho may thu,
sai sO do mdi truong truyén séng. Ta cd phuong
trinh tri do gid cu ly dugc viet lai nhu sau [1, 4]:

P =pf(t)+ I + T* +dm’ +c[dt, (t) - dt* (t—1)] + ¢!

(1.2)

Trong do:

pr(t) 1a khoang cach hinh hoc tir vé tinh dén
may thu

I¥ sai s6 do anh hudng o tang dién ly

T sai s0 do 4nh huéng & tang doi luu

dm{ 14 sai s6 do hién tugng da duong
dt,(t) sai s6 do ddng hd may thu
dt“(t—1;") sai s6 do ddng hd vé tinh
’ 12 thoi gian tin hiéu lan truyén tir vé tinh
dén may thu GPS
e} 1a sai s6 trj do gid cu ly
Phuwong trinh tri do pha

Phuong trinh tri do pha dugc thanh lap
twuong tuy nhu phuong trinh tri do gid cu ly.
Trong d6 vé phai chi c6 thém s6 hang ANYvéi
N Ia tham s6 da tri thé hién sO nguyén lan budc
song va A la budc soéng cua song tai [1, 4]:
0F =pt (=T + T +3m! +c[ dr, (1) dt*(t-11) [+ AN} +ef

(1.3)

Trong do:

pi(t) 1a khoang cach hinh hoc tir vé tinh dén
may thu

I} sai s6 do anh huéng 6 tang dién ly

T sai s6 do anh hudng & ting ddi luu

dm! 14 sai s6 do hién tugng da duong

dt; (t) sai s6 do ddng ho may thu

dt*(t— 1) sai s6 do dong ho vé tinh

T 1A thoi gian tin hiéu lan truyén tir vé tinh
dén may thu GPS

e} 1a sai s6 tri do pha

3.2 Anh huéng ciia tang dién ly dén tin hiéu
GPS

Tang dién ly duoc mo ta thong qua cac electron
tu do va cac hat tich dién. Cac ion tu do duoc sinh
ra do sy buc xa cua cac tia tir ngoai mét troi va lam
cho tin hiéu GPS khi truyén trong mdi truong nay
bi phan tan va khtiic xa mgt cach khong tuyén tinh.
Céc anh hudng chinh cua tang dién ly doi véi tin
hiéu GPS duoc liét ké nhu sau:

- Kéo dai thoi gian truyén tin hiéu (group delay).

- Lam sém pha song mang (phase advance).

- Lam yéu tin hiéu truyén qua (cudong do tin
hiéu bi giam di khoang 0,2 dB).

- Anh huong dao dong tin hiéu ¢ tan sé cao
gay ra do su tap trung cua cac electron tai mot s6
chd trong tang dién ly (scintillation).
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Su phén tan va khuc xa cua tin hiéu GPS da
anh hudng vao sai s0 do khodng cach thé hién qua
do tré dién ly dugc tinh l')flng cong thuc sau [1, 4]:

diw =5 (1.4)
Trong do:
d, . 1a d6 tré tai tang dién ly
¢’ 13 hing sb
f1a tan s6 tin hiéu
bic tinh d tré trén te‘ing dién ly:
- Do tré tang dién ly phu thudc vao tan sb.
- Do tré cang 16n khi goc cao d6 vé tinh cang thap.

- Cuc dai vao ban ngay va giam di vao dém toi
(do hi¢u ing birc xa maét tro1).

- Lon hon tai khu vuc xich dao va khu vuc cac
cuc tur cua Trai Dat

- Do tré phu thudc vao TEC (Total Electronic
Content)

Chi sé TEC (Total Electron Content):

O téng dién ly, mat d¢ electron thay ddi dd cao
0 v&i bé mit Trai Dat: bt dau tang ¢ do cao 50
km, dat t&i dinh diém tai d¢ cao 300 - 350 km véi
mat d6 10'2 electron/m?. Day 1a tang khi quyén gay
anh hudng nghiém trong nhét dén chat luong dinh
vi, dac biét la khi cac electron bi kich hoat manh
xdy ra con bao dién ly (ionospheric storm).

Vi mét d6 electron trong ting dién ly rat quan
trong toi sai s6 ctia phép do tin hiéu GPS, dua dén
khai niém can duoc hiéu rd 1a TEC (Total Electron
Content). TEC 1a mat d¢ electron doc theo duong
truyén tin hiéu [5]:

TEC = L” N, (r)di(r) (1.5)
V6iN_ 1a mat do electron cta t?mg dién ly.

TEC 1a mot tham s thoi tiét quan trong dac
trung cho trang thai va dong hoc cia plasma trong
tang dién ly. TEC thay ddi dang ké trong cac su
kién mdt tro1 nhu bao tr va phan anh tinh dong hoc
cua cac qua trinh trong moi truong khong gian ctuia
Trai Dat. TEC bién dong nhiéu theo khong gian va
thoi gian. Su bién dong chu yéu nay 13 ngay dém.
Céc gia tri dién hinh cua TEC vao thoi gian ban
ngay tai vi do trung binh la 100 TECU, ban dém la
10 TECU (1 TECU = 10"*m™).
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VTEC (Vertical Total Electron Content) la chi
s6 TEC theo huéng thién dinh.

4. Bién phap khic phuc

4.1. Cac huéng khic phuc sai s6 ciia ting
dién ly

Mot sé phuong phép c6 thé duoc sir dung dé
xur ly sai sO tang dién ly:

- Dung may thu hai tdn sé véi phuong phap
két hop tuyén tinh trén L1 va L2. Day 1a bién phap
hiéu qua nhat cho dén thoi diém hién nay.

- Str dung cac tham s6 trong thong bao hang hai
dé tinh hiéu chinh theo phuong phap Klobuchar.

- Str dung mo hinh dy bdo: giam thiéu duogc
khoang 50% sai sO nay, thich hop véi cac phuong
phap dinh vi diém.

- Phuong phép hiéu chinh vi sai: ¢6 thé loai bo
t61 da anh hudng nay cua tang dién ly trong truong
hop duong day ngan.

- Bo qua dd tréi, quan tric vao ban dém: thoi
diém it chiu anh hudng cia sai sé nay nhat.

4.2. Cac phwong phip dwoc wng dung phd
bién hién nay

4.2.1. Sit dung mdy thu 2 tan sé

Hiéu chinh tin sd kép (dual frequency
correction) loai bo duoc hau hét anh hudng cua
tang dién ly trong cac tri do ma hodc phase cua
song mang (khoang 90%)[6]. B&1 vi anh huong
cua téng dién ly phu thudc tan s, cho nén trj do
gia cu ly theo L1 va L2 ¢6 thé dugc so sanh véi
nhau dé uéc luong tri anh hudng nhu sau [1, 4]:

dp,., (L1) = [p(Ll)—p(Lz)]ﬁ (1.6)

Mot phuong phap tuong tu cling dugc dung
dé hiéu chinh céc tri do phase séng mang theo biéu
thac [1, 4]:

f2
dd)ion (Ll):[¢(Ll)_ 2 : 2
(£-5)

(1.7)

¢(Lf2)f‘ —N(Ll)—i—‘N(LZ)

2 2

4.2.2. Phuwong phdp Klobuchar

Nham ting chat lugng dinh vi GPS trén may
thu mot tan s6, nhi€éu phuong phap va thuat toan
khac nhau da dugc phat trien dé xac dinh va giam
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b6t sai s6 cua tang dién ly dén muc tdi thiéu.

Phuong phép don gian nhét 1a Klobuchar, duoc dat

theo tén cua nha sang 1ap ran6. Mo hinh Klobuchar

thuong dugc dung dé tinh do tré huéng thién dinh
cho tin hi¢u L1 [7]:
2n(t—t,)

I"=DC+ Acos T —

Trong do:

(1.8)

t 1a thoi gian dia phuong & may thu (s)

t, 1a thoi gian dia phuong cua s6 hiéu chinh
dién ly cuc dai

I” 14 d¢ tré do tang dién ly & hudng thién dinh (s)
DC la thoi tré dién ly co ban (duoc chon 5.10%s)
A 12 bién do cua ham tré dién ly (s)
P 1a chu ky cua ham tré dién ly (s)
Cac gia tri A, P duogc tinh tir cac hé sb o va B
trong thong bdo hang hai nhu sau:
A =0, +0o,d,, + 0,00+l
P =B, +B,dgm +Brdon + 505,
Trong do:

(1.9)
(1.10)

O, 12 vi d0 dia tir ¢ tang dién ly (biéu dién ¢
don vi ntra vong tron):

O, =0, +0.064 cos (Xi -1 .617)

¢;,2; 1a vi d6 va kinh d6 ctia nguoi st dung &
don vi ntra vong tron

a;,B; 1a cac hé sb cho trong header cia ban
lich phat tin

Do tré tin hidu doc theo duong truyén bat ky s&
duogc xac dinh bang [6]:

I=m,(z)I" (1.11)

Trong do:

114 d6 tré do tang dién ly & hudng thién dinh (s)

m, 13 ham dnh xa 16p don cua tang dién ly dugc
tinh theo cong thtrc [6]:

m, = véi sinz'=

R .
sinz (1.12)
cosz' H

z, 2’ 1a goc thién dinh cta hudng truyén tin
hiéu tai vi tri may thu va tai diém P

R 14 ban kinh trung binh cua Trai D4t va H
la d cao cua tang dién ly so v&i mat dat (thuong
chon la 400km).

Mo hinh nay c6 thé phéan tich khoang 70%
- 90% do tré dién ly vao thoi gian ban ngay va
khoang 60% - 70% vao thoi gian ban dém tai vi do
trung binh. Trong khoang thoi gian hoat tinh mat
troi cao, md hinh nay chi c6 thé loai trir hon 50 -
60% anh hudng cua tang dién ly [6].

PthO'ng phap nay c¢é uvu diém 1a duogc mién
phi ngudén cung cap, tinh duogc theo thoi gian thuc.
Nhung c¢6 han ché 1a d6 chinh xéac khong cao, chi
ding dugc trén cac loai may thu mot tan sd c6
d6 chinh xéc thap, linh vyc ap dung gi6i han cho
cac hoat dong cua di dong, déng hd, tinh toan dao
dong leo nui,..

4.2.3. Diing lwéi 6 vuéng TEC tir to chirc
IGS [8]

Tuong tu phuong phap Klobuchar, d tré tin
hiéu doc theo duong truyén bat ky s& duoc xéac
dinh bang: =m, (z)I’

Do tré dién ly theo hudng thién dinh I”s&
dugc tinh tir chi s6 VTEC (theo huéng thién dinh
cua TEC) theo cong thuc:

I = wlo“’ (m)
f

Trong do: f1 tan s séng tai GPS (f=1575.42 Hz)

4.2.4. Coi dp tré dién ly thién dinh I la dn
so [8]

Chung ta c6 thé coi cac tham s I 14 an s6 bd
sung dé xu ly cung vdi tham so toa do may thu.
Tuy nhién:

(1.13)

- I” bién dong theo thoi gian, nén dung bo loc
Kalman dé xu ly va mo hinh céc tham s6 di¢n ly
va budc ngau nhién (random walk) véi tan s6 cap
nhat 15phut /11an.

- I*bién dong theo vi tri cua diém P. Néu chi
dung mot tham so duy nhat I”s€¢ khong cho do
chinh x4c mong muon vi anh hudng dién ly con
thé hién & cac thanh phan gradient trén mit phang
Do do trong xtr ly phai khdo sat ba tham so lién
quan dén do tré dién ly gom a,, a, va a, nhu sau:

I”=a,+tanz'(sinaxa, +cosaxa,)(1.14)

Trong do:

a la goc phuong vi vé€ tinh

a,dong vai tro la do tré dién ly thién dinh tai
may thu
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a, va a,la thanh phan gradient huéng Pong va
hudng Bac cua diém P so vdi may thu.

4.2.5. Phuwong phdp vi sai (DGPS)/[3]

DGPS 1a sy phdi hop ciia hai may thu, mot
may déat tai mot vi tri da biét goi la tram tham chiéu
va mdt may khéc di chuyén t6i vi tri can dinh vi.
Tram tham chiéu hay con goi l1a tram nén lam viéc
nhu mot cai chia khoa, né lién két tit ca cac thong
s6 vé tinh dé tinh cac sd hiéu chinh cho tri do gia
cu ly (PRC), trong d6 ¢6 sb hiéu chinh d¢ tré cua
tang dién ly. Sau d6 phét cac hiéu chinh nay di t6i
cac may di dong, gan voi thoi gian thyc. May di
dong két hop céac sé hiéu chinh nay vao tri do gia
cu ly do dugc va xac dinh vi tri diém voi khoang
cach da hiu chinh.

4.2.6. Phwong phdp trén khong gian hai
chiéu

Ngoai phuong phap Klobuchar, mdt vai ky
thuat xac dinh sai s6 dién ly trén khong gian 2
chiéu (2D modelling techniques) c6 thé dugc dung
dé tinh toan x4p xi sai s6 dién ly dua trén cic tri
do GPS 2 tan sb tai mot sd vi tri mdc da xac dinh
trude trong mot vung khong gian nao dé6. Sau do,
gia tri bu trir cho sai s6 dién ly ¢6 thé duoc cung
cap theo thoi gian thuc hodc gan thuc cho ngudi sir
dung trong ving bang cach ndi suy. Phuong phap
nay duoc goi 1a 2 chiéu vi gia thiét ting dién ly 1a
mot tang c6 do cao c¢d dinh.

Céc cach xac dinh sai s6 nay duoc nhom thanh
2 loai:

- Duwa trén ham sé (function-based)

C6 gang trung khit cac gia tri d6 tré dién ly thu
nhan duoc tai cac tram thu moc vao mot bé mit,
duoc biéu dién bang mot ham s6 cua diém téi cua
tin hi€u trén tang dién ly.

- Dwa trén luéi (grid-based)

Dung k¥ thuat nay, c6 mot s6 diém mdc dudi
mat dat co vi tri duoc xac dinh trudec mot cach
chinh xéc. Sai s6 dién ly theo chiéu thang dimng tai

Tai liéu tham khio

mdi diém mdc duoc x4c dinh v6i do chinh xac cao
khi dung phép do pha GPS hai tan s6 L1 va L2.
Sau dé toan bo vung khao sat s& dugc bao phu bdi
mot mang ludi cac diém nat ma do phan giai coa
n6 phu thudc vao kich thudce cua vung, toa do cua
ching duogc xac dinh theo phuong phap ndi suy,
dua trén khoang cach t&i cac diém da biét. Sai s6
dién ly cho bat ky mot may thu tin hiéu GPS nao
nam trong ludi nay s& duoc udc luong bang phép
noi suy.

Mot trong nhiing phuong phép dung ludi 1a
md hinh ludi hi€u chinh ctua IGS. IGS da xay dung
hé théng tram quan tric trén pham vi toan cau dé
cung cp cac gia tri hiéu chinh v6i do chinh xéac
kha cao.

4.2.7. Phuong phdp xdy dung lwoi canh day
ngdn

Phuong phap nay dua trén co s¢ xay dung mo
hinh d6 tré dién ly thién dinh cho mot mang luéi
GPS 2 tan sb, co canh ngin khoang 100km. Dya
trén mo hinh da xdy dung, tién hanh kiém tra gia
tri ndi suy dé xem xét tinh tin cdy cta mo hinh.
Cac budc thuc hién nhu sau:

- Buée 1: Thiét ké mang ludi GPS phuc vu cho
nghién ctru.

- Budc 2: Thu thap dit 1iéu ngoai thuc dia.

- Buéc 3: Tinh toan do tré dién ly thién dinh
tai tmg diém va so sanh véi cac gid tri c6 san.

- Buée 4: Noi suy do tré dién ly tai mot diém
gitra ludi va so sanh vai gia tri tinh dugc.

5. Két luan

Noi dung bai bao di tong hop duoc nhiing
nguyén nhan gy anh huéng dén tin hiéu do tang
dién ly va cac phuong phap hién nay dung dé giam
thiéu sai s6 nay. Ttr d6 gitp ngudi dung c6 thé han
ché duogc sai s6 anh huong tang dién ly dén tri do
GPS. Trong tuong lai viéc dinh vi két hop cac h¢
théng GPS, Galileo, Beidou, ... s& 1a vu diém cuc
tt cho viéc loai bo cac anh hudng cua ting dién ly.
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