Nghién ciru

GIAI PHAP BINH SAI GIAN TIEP KEM PIEU KIEN
VOI MAY THU GNSS RTK KEP TRONG PINH VI
VA BANG CONG NGHE GNSS
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Cong nghé dinh vi vé tinh toan cau (GNSS) ngay nay da dwegc dp dung rong rdi
trong nhiéu iing dung dan dung va qudn sw. Tuy vdy, véi mét sé vmg dung cé yéu cdu
dinh vi, thoi gian thuc co do chinh xdc cao nhw may thi cong cong trinh, dinh vi hé
khoan, bé tri diém thiét ké ra thuc dia,... thi cong nghé GNSS véan con han ché do nhiéu
yéu té tac dong dan dén do chinh xdc vé mdt bang va dé cao chwa on dinh. Pé khdic
phuc vin dé trén, nhém tdc gia dé xudt phwong dn binh sai gidn tiép kém diéu kién
véi mady thu GNSS kép nham ndng cao dg chinh xdc trong dinh vi diém. Trong phirong
phap nay, hai may thu GNSS dat cach nhau mot khoang 6 dinh. Bo xir Iy trung tam
thu thdp div liéu dong thoi tir hai mdy thu va di liéu tai tram co s dé tién hanh xir Iy
do dong thoi gian thyc (RTK). Cac phép do canh khong gian (baseline) giita cac may
thu voi tram co so va giita hai may thu voi nhau tgo thanh mot tam giac khong gian.
Khodng cdch da biét gitta mdy thu cho phép ldp nén mét diéu kién rang budc. Tién
hanh binh sai gidn tiép kém diéu kién dira trén nguyén 1y sé binh phirong nhé nhat cho
phép ndng cao do chinh xac vi tri, déng thoi ¢é thé kiém sodt dwoc sai s6 do dac, dic
biét la cdc sai 56 thé thuong gap trong GNSS RTK. Két qua thue nghiém thdy rang gidi
phdp dé xudt c6 thé cai thién @ chinh xdc dang ké so véi giai phdp GNSS RTK théng
thwong va on dinh & mikc dwedi 3 cm.
Tir khéa: GNSS RTK kép; Binh sai gian tiép kém diéu kién; Pinh vi; Dan duong.
Abstract

Conditional indirect correction solution with dual GNSS RTK receivers in vehicle
positioning and navigation using global satellite navigation technology

Global Navigation Satellite Systems (GNSS) technology is widely used in various
civilian and military applications. However, for some applications requiring high-
precision positioning and real-time navigation, such as construction machinery, deep-
sea vessel navigation, or uncrewed aerial vehicles for surveying and mapping tasks,
GNSS technology still faces limitations due to various factors affecting accuracy in
terms of horizontal positioning and unstable altitude at a certain level as required.
1o address this issue, we propose a solution involving dual-frequency GNSS receivers
with differential corrections to enhance the accuracy of positioning points. In this
method, each navigation device is equipped with 2 GNSS receivers with antennas
placed at a fixed distance apart. The central processing unit simultaneously collects
data from 2 receivers and data from the reference station to perform real-time kinematic
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(RTK) processing. The spatial baseline measurements between the receivers and the
reference station and between the receivers themselves form a spatial triangle. The
known distance between the antennas allows for establishing a constraint condition.
Indirect error minimization based on the least squares principle is then applied to
improve the position accuracy while controlling measurement errors, widespread
errors encountered in GNSS RTK. Experimental results demonstrate that the proposed
solution can significantly improve accuracy compared to conventional GNSS RTK
solutions and maintain stability below 3 cm.

Keywords: Dual GNSS RTK; Indirect correction with conditions; Positioning;
Navigation.
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1. Gioi thiéu

Ngay nay cong nghé dinh vi v€ tinh
toan cau (GNSS) dugc su dung rong rai
trong cong tac trac dia ban do, tir cong tc
thanh 14p ludi khdng ché cho dén do chi
tiét thanh 1ap ban dd dia hinh, dia chinh
[4, 6, 10]. Phuong phap do tuong dbi
dong thoi gian thuc (RTK) vdi d§ chinh
xdc ¢& cm va cung cip 10i giai GNSS &
thoi gian thuc dugc 4p dung mot cach phd
bién trong viéc thu thap dit liéu do chi tiét
[7]. Tuy vy RTK van ¢ nhiing han ché
nhat dinh nhu han ché vé khoang cach
truyén tin hiéu lién tuc tir tram tham chiéu
(tram Base) dén tram do dac (Rover). Dé
nang cao do chinh xac cua cong nghé
GNSS RTK, d3 nhiéu nhitng nghién ctru,
cha yéu 1a & ngoai nudc.

Ce Jing va cong su [9] gidi thi¢u mot
giai phap tich hop gitra GNSS va gia toc
ké v6i phép loc Kalman va mé hinh nhiéu
thich nghi. Két luan cta bai béo chi ra
rang phép loc Kalman cai thién dang ké
trong xir ly nhiéu, dic biét 1a trong nhiing
moi trudng chuyén dong phire tap. Gia toc
ké duge su dung nham phat hién nhiing
sai 6 tho trong tri do GNSS. Han ché cua
giai phap nay 1a gia ca cua hé théng kha
4

cao, dac biét 1a can nhiing gia tde ké du
nhay d€ phat hién nhiing tri do GNSS bat
thuong.

Céc nghién ctru cua Chenyu Xue va
cac tac gia [3], Nhut-Thanh Tran va cac
tac gia [8] dd dé& xuét va phan tich do
chinh xac ctia giai phap canh ngan vdi cac
may thu GNSS RTK. Trong cac nghién
ctru nay, muc do nhiéu va do chinh xac
clia cac cam bién gia thdp dugc danh gia
khi so sanh s6 liéu cua cac may thu GNSS
chuyén dung trong cdc diéu kién méi
truong khéc nhau. Két qua nghién ctu
cho thay rang giai phap canh ngén c6 thé
cai thién dang ké do chinh xac cia GNSS
RTK gia thap, diéu nay dua ra hudng tng
dung cho muyc dich quan tric chuyén dich
cong trinh hodc trugt 16 vdi mdt mang
ludi cac may thu GNSS mat dd cao.

Trong mot hoac hai thap ky qua,
nhiéu chinh phu va céc t6 chic da xay
dung cidc mang ludi tham chiéu dinh vi
lién tuc (CORS) & cép d6 qudc gia hodc
lién lyc dia cho nhiéu muc dich nhu trac
dia, dia vat ly, dan duong, nong nghiép
chinh xac cao, hang khong, hang hai,...
buc da xdy dung 270 tram CORS véi
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khoang cach trung binh 40 km, Thuy si cd
31 tram véi khoang cach trung binh 35 -
50 km, Han Qudc ¢ 60 tram véi khoang
cach trung binh 40 km va Indonesia cd
hon 230 tram cho cong tac do dac [5].
O Viét Nam, mang ludi tram tham chiéu
dinh vi qudc gia ¢ 65 tram vdi 24 tram
tiéu chuan trac dia cp cao. Khoang cach
trung binh giita cac tram tir 50 dén 200
km [8]. So véi thé gidi, mat do cac tram
CORS ¢ Viét Nam con kha thua, diéu nay
lam suy gidm dg chinh xac va tinh lién tuc
cua cac phép do GNSS. Do vay, nang cao
dd chinh xac cua gidi phap GNSS RTK 1a
can thiét. Trong nghién ciru ndy, nhom téc
gia d& xuét giai phap tao ra céc tri do thira
trong phép do GNSS RTK va cac diéu kién
rang budc trong mot sé ing dung dinh vi
diém. Trong thyc té, cac chipset hay may
thu GNSS RTK Rover nhan dir liéu cai
chinh RTCM tir tram Base (CORS) rdi
cho ra 101 giai toa d6 va nhu vay s€ khong
co tri do thura khi do dong. bé ¢6 tri do
thira trong phép do, cai dat may thu dé
vira xur ly RTK, vira cho ra dit liéu tho.
Mot module xir Iy dinh vi tuong ddi dong
duoc thiét ké dé tinh toan canh co s& gitra
hai may thu Rover. Khoang cach dat gitra
hai may thu dugc coi nhu ¢ dinh va duogc
xac dinh mot cach chinh xac khi lép dat
sé& 1a diéu kién rang budc dé xur ly sb liéu
theo phuong phép binh sai gian tiép kém
diéu kién.

2. Phuong phap dé xuét

Trong phuwong phéap nay, mdi thiét bi
dugc trang bi 2 may thu GNSS véi 2 ang
ten dat cach nhau mot khoang ¢ dinh 1
va 2. B0 xu ly trung tam thu thép dir licu
ddng thoi tir 2 may thu va dit liéu tai tram
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co s& dé tién hanh xtr Iy do dong thoi gian
thuc (RTK). Céac phép do canh khdng
gian (baseline) gifra cdc may thu vdi tram
co sO B va giira hai may thu véi nhau tao
thanh mdt tam gidc khong gian (Hinh 1).
Khoang cach da biét giira 2 ang ten cho
phép 1ap nén mot didu kién rang budc.
Tién hanh binh sai gian tiép kém diéu kién
dua trén nguyén ly sd binh phwong nho
nhit cho phép nang cao do chinh xac vi
tri, déng thoi ¢ thé kiém soat dugce sai s6
do dac, dic biét la cac sai sd thd thuong
gap trong GNSS RTK.

s

B

Hinh 1: So dé minh hoa phwong phdp
Trong so do hinh tam gidc khong
gian vdi céc canh Baseline B-1, B-2 va
1-2 chung ta 1ap dugc cac phuong trinh
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co6 dang sau:
ANX, =Xy +X, (1a)
A'Yy, = -Y' +Y, (1b)
NZy, = -Z'1+7Z, (lo
ANXpg = X'y —Xp (1d)
AYg, = Y+ Y (le)
NZg, = 7'\ +Zg (1f)
NXpy = X'; = Xp (1g)
A'Yg, = Y, + Y (1h)
NZg, = Z'y+Zg (Im)
Phuong trinh s hiéu chinh:
vAX,; = —8X, + 6X, +L1 (2a)
vAYy, = —8Y, + &Y, +L1 (2b)
VAZy, = 87, + 67, +L3 (2¢)
VAXp, = 68X, +L4 (2d)
VAYg, = &Y, +L5 (2¢)
VAZg, = 87, +L6 (2)
vAXg, = 5X, +L7 (2g)
VAYg, = 5Y, +L8 (2h)
VAZg, = 8Z,+L9 (2m)
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Phuong trinh di€u kién rang budc vdi canh ¢6 dinh:

VX=X )2+ =Y )2+ (2, —2'1)2 =S5, =0

3)

Tuyén tinh hoa bang khai trién Taylor, nhan duoc phuong trinh diéu kién s6

hiéu chinh

Ax?, A
— 0X, +
so, "1 g

X0 AYL AYD AZ9 AZO
0126X2—STH6Y1 +ST126Y2_ST12621 +STIZ6ZZ+W:O (4)
12 12 12 12 12

trong d6 X va X i 1a ky hiéu gia tri gan dung va tri binh sai cta dai lugng

Nhu vay ching ta ¢ hé phuong trinh cac s6 hiéu chinh kém diéu kién

{V =AAX + L 5)
BAX+W =0
trong dé V= ( UAX12 vAle vAle VAXBl vAYBl vAZBl UAXBZ vAYBZ vAZBz)T
L=(L1L2L3L4L5L6L7L8LY) avéc to sb hang tu do.
0 -1 00 10 G)=G %) ) o
0 0 -1 0 0 1 e e T S
1000 0 0 Tu @6, tri binh sai va cac so0 hiéu
A=l 0 1 0 0 0 0 chinh duogc xac dinh
0 01 0 0 O X =X+ AX (8)
0 0 01 0 o0 V=AAX + L )}
0 000 1 0 ,
00 0 0 0 1 3. Thyuc nghiém va két qua
AX = (8%, &Y, 6Z, X, &Y, 6Z,)7 Cong tac thuc nghiém bao g6m thiét
5 <_Asz _AYS AZR, XD, AYY AZ{E) ké thiét bi do dac, phén mém, cong tac
St St2 St Sk St Sk

w = /(X% —X9)2 + (YO, — YO)2 + (20, — Z°)2 — 5y,

Dé giai hé (5) theo nguyén 1y sé binh
phuong nho nhét, ching ta 1ap hé phuong
trinh chuan véi sd lién hé [1]

{RAX +BTK+b=0 (6a)
BAX+W =0
BBV +(C) =0 v

trong do: R = ATPA; b = ATPL

P la ma tran trong s0, 12 ma tran hiép
phuong sai dugc xdc dinh trong qué trinh
tinh canh Baseline.

Giai hé phuong trinh chuan sé lién
h¢, thu dugc nghiém
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thu thap dit li€u va phan tich, danh gia
két qua.

3.1. Thiét bi do dac thwc nghiém va
module phan mém xir Iy 56 liéu

Thiét bi do dac dé thir nghiém bao
gdém 2 may thu GNSS: GNSS RTK E290
do Aitogy, Viét Nam san xudt [2]. Céc
thong s6 k¥ thudt cia may duoc trinh bay
& Bang 1. Phan mém xu 1y s6 liéu duoc
viét trén ngon ngit C# dua trén nhiing
thuat toan da dé xuat trong bai bao boi
nhém nghién ciru. So d6 khéi xir 1y sd
liéu GNSS tuong d6i dong nhu Hinh 2.
Giao dién phan mém thu nghiém trong
Hinh 3.
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Bing 1. Thong sé thiét bi thir nghi¢m

GPS (L1C/A, L2C)

GALLIEO (E1-B/C, E5b)

Céc kénh thu v¢ tinh | GLONASS (L10F, L20OF)

BEIDOU (B1, B2)

QZSS

Tan s dauratdida |10 Hz‘

D6 chinh xdc do RTK | V14t bang: 8 mm + Ippm,
DJ cao: 1,5 cm + 1 ppm

Mit bang: 3 mm + 0,5 ppm

DJ cao: 5 mm + 0,5 ppm

Do chinh xac do tinh

May thu May thu
GNSS 1 GNSS 2

Vitrd, vén B sai 56 Vitr, vin B saisé
téc vé tinh 1bc vé tinh

Binh sai kém didu

Lién +

|

v

Hinh 2: So dé khéi phan mém binh sai gidn tiép kém diéu kién
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Hinh 3: Giao dién phan mém xit Iy so liéu GNSS
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3.2. Thwc nghiém danh gia do chinh
xdc ciia phwong phdp dé xuit

Trong thuc nghiém nay, 2 may thu
dugc dat tai 2 diém c6 dinh céch nhau

105786533 105.786801

105, 786667

t

#1.06902

H_lﬂ??” . et Luury Cars Q)

SUMEIL e cr i e s, imibrEETTEmOhE—L

15,83 (m). Toa @6 chuan cta hai diém dat
may duoc xac dinh chinh x4c bang may
toan dac dién tir, do ndi voi diém toa do
hang cao nha nudc dé dam bao do chinh
xac vi tri dudi 3 mm (Hinh 4).

Diém 1

Hinh 4: So dé vi tri khu vwe thwe nghiém

Trong phuong an thir nhit (RTK),
hai may thu GNSS dugc két ndi véi tram
CORS cua mang ludi tram tham chiéu dinh
vi vé tinh qudc gia (VNGEONET) dé tién
hanh do RTK mdt cach doc lap. O phuong
an tha hai (ADJ), hai méy thu duoc két ndi
v6i phan mém Aipos dé tién hanh xu ly
binh sai gian tiép kém diéu kién nhu thuat
toan da dé xuat. Két qua vé toa do cua hai
phuong an dugc so sanh véi toa do chuén
dé danh gia dg chinh xac vdi céc ti€u chi
d6 1éch chuan (std) va sai s6 16n nhat (max

Error) d6i véi ba chiéu huéng Bac (N),
hudéng Bong (E) va cao d (H).

S liéu thuc nghiém dugc thu trong
vong 30 phut, tan s6 dau ra 1Hz véi tong
36 tri do 1800 trj do. Toa d6 cua hai diém
trong hé toa d0 VN2000 dugc trich XUét
nhu trong Bang 2. S6 liéu so sanh vé cac
thanh phéln toa do cua diém 1 dugc thé
hién trong dd thi & Hinh 5. Céc tham s
danh gia d¢ chinh xéac cua hai phuong an
dugc trinh bay ¢ Bang 3 va 4 d6i véi diém
1 va2.

Bing 2. Trich xuit toa d¢ cdc diém thwe nghigm

GPS time N1(m) Elm) | Hl(m) N2(m) E2(m) H2(m)
260306 | 2330785.038 | 581539.3 | 104.041 | 2330786.244 | 581555.08 | 99.771
260307 | 2330785.038 | 581539.3 | 104.04 | 2330786.249 | 581555.081 | 99.772
260308 | 2330785.038 | 581539.3 | 104.04 | 2330786.248 | 581555.081 | 99.776
260309 | 2330785.038 | 581539.3 | 104.033 | 2330786.244 | 581555.081 | 99.774
260309 | 2330785.038 | 581539.3 | 104.033 | 2330786.243 | 581555.081 | 99.763
260311 | 2330785.037 | 581539.3 | 104.034 | 2330786.243 | 581555.08 | 99.766
260312 | 2330785.037 | 581539.3 | 104.034 | 2330786.24 | 581555.083 | 99.755
260313 | 2330785.038 | 581539.3 | 104.032 | 2330786.239 | 581555.081 | 99.747
260314 | 2330785.039 | 581539.3 | 104.028 | 2330786.239 | 581555.081 | 99.756
260315 | 2330785.039 | 581539.3 | 104.023 | 2330786.238 | 581555.079 | 99.747
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GPS time N1(m) E1(m) H1(m) N2(m) E2(m) H2(m)
260316 2330785.039 | 581539.3 | 104.023 | 2330786.234 | 581555.082 99.736
260317 2330785.036 | 581539.3 | 104.026 | 2330786.234 | 581555.082 99.736
260318 2330785.036 | 581539.3 | 104.026 2330786.23 581555.087 99.757
260318 2330785.036 | 581539.3 | 104.026 | 2330786.229 581555.09 99.755

North Error
0.04
RTK
~®- ADJ
0.024
-0.024 4
-0.04 T T T T T
119675 120175 120675 121175 121675 122175
GPS Time(s)
Hinh 5a: Biéu do sai sé vi tri theo hwéng Bic
East Error
0.04—
RTK
-=- ADJ
0.02—
E D—lg ! L] RO I== i AN pMEE  1EE m a
-\g h ;-Ig £ .} i’ .; il NEes . S RiEMAEE B an
8 -002—
004+
-0.06 T T T T T
119675 120175 120675 121175 121675 122175
GPS Time{s)
Hinh 5b: Biéu do sai so vi tri theo hwéng Pong
Height Error
04—
RTK
~== ADJ
0.26—
E 0.12
- W'M_‘—q
016
0.3 T T T T T
118675 120175 120675 121175 121675 122175
GPS Time(s)
Hinh 5c: Biéu do sai so dp cao
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Bing 3. Tham s6 dp chinh xdc cia diém 1

. Nmax Emax Hmax
Phuong phap Nstd(m) | Estd(m) | Hstd(m) error(m) | error(m) | error(m)
RTK 0,0055 0,013 0,081 0,016 0,0318 0,1638
ADJ 0,0046 0,0045 0,0261 0,0176 0,0168 0,0868
Mc cai thién (%) 16 65 68 -10 47 47
Bing 4. Tham so d chinh xdc ciia diém 2
, Nmax Emax Hmax
Phuong phap Nstd(m) | Estd(m) | Hstd(m) error(m) | error(m) | error(m)
RTK 0,0057 0,0048 0,0196 0,0250 0,0250 0,1595
ADJ 0,0046 0,0034 0,0098 0,0120 0,0088 0,0274
Miic cai thién (%) 19 29 50 52 65 83
Két qua thuc nghiém cho thay ring TAI LIEU THAM KHAO

giai phap binh sai gian tiép kém diéu kién
giap cai thién do chinh xac trong phép
do GNSS RTK, & cé céc chi tiéu vé do
léch chuan va sai sé 16n nhat. Diéu nay
chi ra ring mot trong nhitng wu diém cia
phuong phap binh sai vdi tri do thura 1a
khong nhiing gitp nang cao do chinh xac
ma con c6 thé phat hién va loai bo nhiing
sai s tho trong dy tri do.

4. Két luan

Nghién ctru nay da dé xuét giai phap
binh sai gian tiép kém diéu kién gitp nang
cao do chinh xac trong phép do GNSS
RTK trong cac ung dung dinh vi, quan
trac tu dong.

Thuc nghiém trong nghién ctru cho
thdy ring giai phap dé xuét trong nghién
clru gitip cai thién do chinh xdc vé sai s6
trung phuong ciing nhu sai s t6i da so
vo1 phuong phap do RTK thong thuong
v6i mue tir 10 dén 80 %.

Nghién ctru nay ciing cho phép mo ra
hudng nghién ctu tich hop thém cac cam
bién va cac diéu kién rang budc nhim
nang cao d§ chinh xac cua phuong phap
dinh vi, dan duong bang GNSS RTK, dic
biét 1a trong cac diéu kién méi truong khé
khan va véi yéu to do cao.
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