Nghién ciru

NANG CAO PQ CHINH XAC PINH VI, PINH HUONG CUA
HE THONG TiCH HQP GNSS/IMU VOI PIEU KIEN RANG BUQC
HUONG TU VECTO CHUYEN PONG CUA MAY THU GNSS

DUONG THANH TRUNG
Truwong Dai hoc Mo - Pia chat

Tom tit:

H¢ thong dan dwong vé tinh toan cau (GNSS) ngay nay dwoc sir dung mét cach rong rai
cho cac cong tdc do dac ban do, dinh vi va dan duwong. Tuy vay, voi cdc ung dung yéu cau truy
xudt dir liéu cao va lién tuc nhw dan dwong cho mdy bay khéng nguweoi ldi, do dac thiy hdi van
va hé théng Idp ban do di dong thi théng tin chi tir GNSS la chwa dii. Dé khdc phuc van dé nay,
mét giai phdp tich hop gitta GNSS va cam bién qudn tinh (IMU) da dwoc dp dung. Gidi phdp
tich hop nay cho phép cung cdp dong thoi théng tin vé vi tri, vdn téc va phirong hwéng ciia
phuwong tién mang GNSS trong khong gian 3 chiéu. Tuy nhién, voi hau hét cac vmg dung dan
dung, IMU gia thcfp thwong duoc swr dung, diéu nay dén dén d chinh xdac cia hé théng bi han
ché. Véi muc tiéu nang cao dé chinh xdc ciia gidi phdp tich hop GNSS/IMU, bai bdo nay dé
xudt tich hop thém tham s6 hudng tir véc to chuyén dong ciia mdy thu GNSS trong hé théong tich
hop GNSS/IMU gid thap. Céc két qua thire nghiém cho thdy rdang gidi phdp dé xudt givp cdi
thién o chinh xdc dinh vi, dinh hwdng mot cach dang ké so véi gidi phdp tich hop thuan tiiy.

Tu khoa: Tich hop, GNSS, IMU, Phép loc Kalman, Diéu kién rang bugc.

1. Giéi thi¢u

Pé thu thap dir liéu thong tin dia 1y, hé
théng 1ap ban d6 di dong (MMS) dugc ap
dung nhim nang cao ning sudt va giup tu
dong hoa cong tac thu thap dir liéu. Nhiéu loai
MMS khac nhau da dugc phét trién cho cac
tmg dung khic nhau; MMS trén mat dat sir
dung cac phuong tién mang GNSS trén dat
lién [1]. MMS hang khong véi cac cam bién
lap ban d6 duoc gin trén may bay hodc
phuong tién bay khong nguoi lai (UAV) [2].
MMS phuc vu cho do dac trén song, trén bién
[3]. Ngay nay, cac tham sé dinh hudéng bao
gdm vi tri va tu thé cta cac cam bién trong

MMS c6 thé duge xac dinh mot cach truc tiép
thong qua hé thong tham chiéu tryc tiép (DG).
DG la viéc x4c dinh céc gia tri vi tri va tu thé
hay su thay doi phuwong huéng theo thoi gian
ctia hé thong lap ban do di dong trong mot
khung tham chiéu nhét dinh ([1], [2]). Cong
ngh¢ thuong dugc st dung cho muc dich nay
hién nay 1a h¢ thong dan dudng vé tinh toan
cau (GNSS) va hé théng din dudng quan tinh
(INS) véi cac cam bién quan tinh (IMU).
Trong d6, GNSS la phuong tién chinh dé xac
dinh vi tri v&i ¢6 dd chinh xac 6n dinh theo
thoi gian. INS cung cap thong tin vé tur thé ciia
cac cam bién thong qua mot co ché tinh toan
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dya trén dit liéu dau ra tr IMU. Mic du vé
nguyén tic, chi can mot trong hai cong nghé
nay cling c6 thé xac dinh ca vi tri va hudng,
nhung chiing thuong dugc tich hop theo cach
ma INS 1 cam bién dinh huéng chinh, trong
khi bo thu GNSS 13 cam bién vi tri chinh [4].

Vi chi phi cao va kich thudc 16n, céc
IMU chét lugng cao thudng bi han ché ddi vai
MMS thuong mai. IMU vi co dién tidt (MEMS)
vé6i kich thudc nhd, gia thanh thap hién dang
dugc Gmg dung phd bién, dic biét 1a dbi véi
UAYV va MMS di dong c6 tai trong han ché.
Tuy nhién, di do6i véi d6 1a vi tri va phuong
hudng ctua chiing thuong c6 d6 chinh xac kém.
Pic biét, trong cac diéu kién do dac bi khuit,
nhiéu tin hiéu GNSS, giai phap cung cép bai
INS s& c6 sai s6 16n do tich liiy theo thoi gian.
Park va Gao [5] dd chimg minh rang chat
luong cua céc cam bién quan tinh dua trén
MEMS van chua hoan toan dap tmg duge dbi
v6i ing dung trén mit dat trong thoi gian dai
ma khong c6 tin hi€éu GNSS. Trong thoi gian
mat hoan toan tin hiéu GNSS trong khoang tir
10 gidy dén vai phut, v6i giai phéap tich hop
thudn tly, sai s6 vi tri toi da co thé tir vai mét
dén vai chuc mét.

Li va nnk [6] d3 dé xudt giai phap tich hop
chit ché gitra GNSS RTK va MEMS-IMU d¢
nang cao do chinh xac dinh vi. Két qua nghién
ctru cho thy giai phap dé xuit c6 cai thién
dang ké vé do chinh xéac so véi cac phuong
phap tich hop trudc do. Tuy nhién, sy can
thiép & murc tin hi¢u GNSS trong tich hgp chat
ché 1a khong d& dang thyc hién d6i v6i mot sd
thiét bi nhat dinh.

Nguyen Van Thang va nnk [7] da dé xuat
va danh gia d0 chinh xidc cia h¢ théng
INS/GPS gia thip sir dung thong tin ban do
duong phd.

Vana va nnk [8] da gidi thi€u giai phap
tich hgp GNSS tan s6 kép va MEMS-IMU dé
dan duong lién tuc trong diéu kién tin hiéu
GNSS kém. D6 chinh xac theo mit bing cua
gidi phap nay c6 thé dat t6i muc centimet.
Nhuoc diém cta nghién cru ndy 1a né chi phu
hop véi ing dung xtr 1y sau.

V&i muc tiéu nham nang cao dg chinh xéc
cua giai phap tich hgp GNSS/IMU, bai bao
nay gi6i thiéu giai phap tich hop thém diéu
kién rang budc hudng tir véc to chuyén dong
ciia may thu GNSS. Bén canh d6, co s¢ ly
thuyét vé cac van dé lién quan ciing duogc gidi
thiéu dé 1am rd nguyén 1y ciing nhu cac budc
tinh toan thyc nghiém.

2. Thiét ké hé thong va co s& 1y thuyét

2.1. Thiét ké cau triic tich hop GNSS/IMU

Thiét ké mo hinh tich hgp hé thong GNSS
va IMU dugc trinh bay ¢ Hinh 1. Trong céu
trac nay, dau ra cia IMU bao gdm vén tc goc
va luc quy ddi, sau khi duoc bu sai s6 hé thong
s€¢ dugc st dung trong mot co ché tinh toan
dinh vi quan tinh (INS) nhdm cho ra cc tham
s6 bao g(‘A)m vi tri, van tdc va tu thé cua cam
bién trong mot h¢ quy chiéu toa d6 nhat dinh.
Céc tham sb nay c6 dic diém 1a khong phu
thudc nhiéu vao moéi truong do dac nhung
chura sai s6 tich lily va ting nhanh theo thoi
gian. Pé khic phuc van dé nay, GNSS duoc
st dung. Modul GNSS thong thuong s€ chi
cung cap thong tin vi tri ciia may thu. Tuy
nhién, dya vao sy thay ddi cua vi tri theo thoi
gian, chung ta c6 thé tinh toan dugc van toc va
phuong huéng di chuyén hay phuong vi caa
may thu. Cac thong tin dau ra truc tiép hodc
gian tiép tir GNSS s& duoc tich hop voi IMU
thong qua bo loc Kalman mé rong dé cho ra
két qua cua hé théng bao gém vi tri, van tbc
vatu thé [1, 2, 3].
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Hinh 1: Cdu triic tich hop GNSS/IMU
2.2. Gidi phap INS tir IMU
Giai phap INS 1a mot loat cac budc tinh
toan tir tri do thé cia IMU dé cung cap céac
tham s vé vi tri, van tdc va tu thé hay hudng

xoay cua IMU trong mot hé quy chiéu toa do
nhat dinh. Hinh 2 mé ta co ché hay céc budc
tinh toan INS. Pau ra ctia IMU vi co thuong
1a van toc goc va luc quy doi, truée hét phai
duoc tinh bu sai s6. Cac sai s6 ndy dugc xac
dinh théng qua qué trinh kiém nghiém IMU
hodc udc luong tor EKF & bude tinh (thoi
diém) trude. Dit liéu sau khi duoc chudn hoa
s€ dugc str dung dé cap nhat van tdc, tu thé va
vi tri dé cho ra cac tham sb twong tmg. V& ban
chat, cac thong tin & thoi diém hién tai duoc
tinh toan dua vao cac tham sb & thoi diém
truGe d6 nén goi 1a cap nhat. Cac thong tin dan
duong dugc tinh toan dya trén cam bién quan
tinh nén dugc goi 1a hé théng din duong quan
tinh (INS).

Vin téc géc
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Hinh 2: Co ché tinh toan INS

Co ché tinh toan INS trong hé quy chiéu
n-frame c6 thé duge mo ta dudi dang ma tran
theo [4].

‘f‘n D—lv‘n
[1‘7”] = |CBf" — (202 + Q%)v" + g™ | (1)
C;: Clgl('otpb - 'len

trong do, 7™, v™ va CJ! 1a cac vi phan theo thoi
gian cua vi tri, van tde va tu thé trong n-frame;
£P 1a vector lyc quy d6i va 275, 1a van tc goc,
1a cac dir lidu thé cia IMU; 0}, 1a ma tran
chuyén dbi giita khung toa do trai dat so véi
hé quy chiéu quan tinh i-frame; 27, 1a ma tran
chuyén d6i giita n-frame so v&i hé quy chiéu
trai dat (e-frame); g™ la gia toc lyc trong
truong trong n-frame, con D~ dugc x4c dinh
theo cong thirc sau:

0 0
L h+Rj
D7l = 1 2
(h+Rp)cose 0 0 ( )
0 0 1
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trong do, R;, R, la cac ban kinh cong kinh
tuyén va vi tuyén cia trai dit tai vi do ¢, h 1a
cao d¢ ellipsoid.

2.3. Kalman mo rong (EKF) trong tich
hop GNSS/IMU

EKF dugc st dung trong phép tich hop
GNSS/IMU ¢ tinh toan nham loc nhiu va cho
ra cac tham sd dinh vi, dinh hudng c6 do tin cay
cao nhét. Phép loc Kalman (KF) thudng duoc sir
dung trong cac ing dung loc nhiéu tin hiéu hodc
cac phép tich hop hé théng boi tinh chat ché va
don gian ctia nd [9]. Tuy nhién, nhuoc diém cta
KF 1a chi 4p dung dugc dbi véi cac ham tuyén
tinh. Tuy nhién, nhu ¢ thé thay & cong thirc (1),
co ché tinh toan INS 1a phi tuyén. Do vay, dé ap
dung co s¢ toan hoc cua KF, can phai thong qua
cac bude bién ddi mo rong nén goi 1a phép loc
Kalman m¢ rong (EKF). Cac budc tinh toan cua
EKF c6 thé dugc trinh bay trong Hinh 3. Trudc
hét can xac dinh cac thanh phan trang thai va
phuong sai ban dau, goi 14 khoi tinh. Trong cac
budc tiép theo, dua vao dir liéu IMU dé tién doan
vector trang thai va ma tran hiép phuong sai. Néu
¢ tri do GNSS, véc to trang thai va ma tran hiép
phuong sai twong ing s& duoc cap nhat dé cho ra
két qua tich hop.

Khoi tinh

v

Tién doan < Dit liéu IMU
Cép nhit “ Dit liéu GNSS

Hinh 3: So dé tinh todn trong EKF

Vé nguyén ly, EKF 1a phép wéc luong lai
gitra tuyén tinh hoa va phi tuyén [10].

Trong budc tinh toan tién doan, ham tuyén
tinh dugc st dung truc tiép dé tién doan véc to
trang thai con ma tran hiép phuong sai lai dugc
tinh toan dua trén phép tuyén tinh hoa:

X = f(Xy-1) A3)

Py =FP,_;FT+Q 4
trong d6 X, 1a vecto trang thai tién doan, bao
gdm cac thanh phan vi tri, van téc va phuong
huéng cta hé théng mang; f(£,_;) 13 ham sd
lién hé gitra trang thai tai budce tinh trude va bude
tinh hién tai. P, 1a ma tran hi¢p phuong sai tién
toan tai thoi diém k; F 14 ma trin Jacobean, duoc
xac dinh thong qua tuyén tinh hoa; Q la ma tran
nhiéu hé thong.

Budc cap nhat dugec mo ta qua cac cong

thure sau:
Xk =X + K[z —h(X )] )
P, = (I - KH)P; ©)
voi:
K =P,_HTS™? (7)
S=HP,_HT +R ®)
i = h(Zy) ©)
trong do:

7y, la vecto tri do; h(X),) 1a ham lién hé gitta
vecto trang thai va vecto tri do GNSS; K goi 1a
loc Kalman (Kalman gain); H 1a ma tran h¢ )
cua ham lién h¢ gitra vecto trang thai va vecto tri
do; R 1a ma tran nhiéu tri do.

2.4. Tinh todn hwéng di chuyén tir mdy
thu GNSS

Phan nay gidi thidu cac phuong phap tinh
toan phuong huéng hay phuong vi cua hé
thdng dya vao cac tri do GNSS.

Trong phuong phéap thér nhét, hai anten
cua hai may thu GNSS duoc lép dat doc theo
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huéng di chuyén cia phuong tién mang
GNSS. Tur vi tri ctiia hai anten A va B (Hinh 4)
c6 thé tinh toan dugc phuong vi dua trén cong
thire sau:

0(t) = tan™? (EA,chs(t)—EB,chs(t)) (10)

NaGnss(t)—Npgnss(t)

trong do:
Ni(t), Ei(t) 1a cac tham sb toa do cua anten
GNSS tai cac diém A va B ¢ thoi diém t

' 3

Hinh 4: Xdac dinh phuwong vi tir hai may thu
GNSS

Phuong 4n thtr hai dugc st dung dé tinh

phuong vi dua trén sy thay doi vi tri cia may

thu tai hai thoi diém khac nhau theo cong thirc

(11). Minh hoa phuong phap dugc thé hién &
Hinh 5.

0(t) = tan™? (EA,GNss(t)—EA,GNss(t—l)) (11)

NgGnss(t)—Nagnss(t—1)

Hinh 5: Tinh toan phwong vi dvwa vao sy thay
doéi vi tri theo thoi gian

3. Thuc nghiém

Dé danh gia hiéu qua cua phuong an dé
xuét, mot thuc nghiém duoc tién hanh vao
thang 10 ndm 2023 boi cac hé thdng tai phong
thi nghiém Ban dd sb dia hinh cua Truong Pai
hoc M6 - Dia chét va céc thiét bi tir Vién Co
gii quén su, B Qudc phong. Cac thir nghiém
duoc tién hanh trong img dung dan duong mat
dat st dung mot hé théng tich hop GNSS/IMU
bao gdm mot may thu GNSS EVK-NEO M8T
cta hang U-blox (Thuy si) va IMU ADS-16405
(ADIS, M¥). H¢ thong tham chiéu 1a h¢ thong
tich hop INS/GNSS thuong mai DS-IMU1 cua
hang DEWESoft (Slovenia). Ngoai ra, hai may
thu GNSS Garmin GPS35 dugc thiét 1ap véi
khoang cach cach nhau 1,2 mét nham cung cap
phuong huéng dé tao diéu kién rang budc
phuong vi. Hinh 6 m ta hé thong thir nghiém
va Bang 1 1a cac thong s6 k§ thuat ciia hé théng
thir nghiém va hé thong tham chiéu.

Khu vuc tht nghiém duogc tién hanh &
quan Bic Tir Liém, Ha Noi. Hanh trinh thu
nghiém dugc thé hién & Hinh 7. Cac s6 licu
thu thap dugc xir Iy bang modul phan mém
viét bang ngdn ngir Matlab. Cac két qua tinh
toan bao gdom hé thong tich hop GNSS/IMU
v6i EKF thuan tiy va hé thong tich hop
INS/GNSS v61 thong tin phuong vi tr huong
di chuyén coa phuong tién mang
(GNSS/IMU+heading). Cac tham s6 nhu vi tri
va tu thé cua hé théng thir nghiém dugc so
sanh voi hé thong chuan, tir d6 ude lugng
duoc sai sé trung phuong (RMSE) dua trén
1.500 tri do twong tmg vé6i 1.500 gidy sb liéu
thuc nghi¢m. Cac phép phan tich dugc trinh
bay ¢ Hinh 8, Hinh 9 va Bang 2.
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Hinh 6: Thiét ké hé thong thir nghiém
Bdng 1: Théng sé ky thudt hé thong tham
chiéu va hé thong thir nghiém

~  z.. | Hé théng | Hé thon
Thong so k¥ : & v thong
n tham thur
thuat X oA
chiéu nghi¢m
Do chinh xac vi
CUos : 0,02 m 2,5m
tri mat bang
Do chinh xac do
: : 0,03 m 5m
cao
Do chinh xac
N 0,05m/s | 0,5m/s
van toc
Do chinh xac n R
i ;i 0,10 d6 0,5 do
phuong hudng
Tan s6 cdp nhat 100 Hz 50 Hz
105.&174307 =] 105.791473
DONG NGAC N
5] (=] _ ﬂr
8 HOANG XA DONG NGAC g NHATITAG @
G LIEN
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Hinh 7: Hanh trinh tuyén thir nghiém
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Hinh 9: Dé6 thi sai sé tw thé

o

i
1500

Bdng 2: Két qua phdn tich trong thir nghiém

GNSS/IMU |Mtc cai

RMSE | SN3 1 | thien

Heading (%)
E (m) 1,669 1,616 3
N (m) 1,647 1,435 13
H (m) 5,294 3,791 28
3D (m) 5,790 4,364 25
roll (0) 0,385 0,170 56
pitch (o) 0,744 0,354 52
Heading (o) | 3,472 0,596 83
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Tir dd hoa va sd lidu phan tich & trén cho
thdy, do chinh x4c cua giai phap tich hop
GNSS/IMU véi thong tin phuong vi tir hudéng
di chuyén xac dinh tir GNSS duoc cai thién
dang ké so v6i hé thong cung loai chi sir dung
EKF thuan tiy. Mtc cai thién dang ké ¢ tham
s6 phuong vi (heading) 14 83%, va diéu nay dan
t61 do chinh xac vi tri tang lén, & mac 25%.

4. Két luan

Bai viét da dé xuat giai phap cap nhat
phuong vi cta hé théng tir hudng di chuyén
x4c dinh tir GNSS nhim nang cao d6 chinh
x4c ciia hé thong dan duong tich hop
GNSS/IMU.

Mo hinh toan cing véi cac modul phan
mém viét trén ngdn ngit 1ap trinh Matlab dé
thuc hién viéc xur ly sb lidu tich hop gém co
ché tinh toan trong INS, phép loc Kalman mé
rong va cap nhat phuong vi tir huéng chuyén
dong cua may thu GNSS.

S6 liéu cho viée tinh toan thuc nghiém duoc
thu thap ngoai thyc dia voi cac hé thong may
moc va tinh toan phén tich bang cac modul phan
mém. Cac phan tich tir két qua thuc nghiém chi
ra rang phuong phap tich hogp GNSS/IMU véi
cap nhat phuong vi tir huéng di chuyén xac dinh
tir GNSS gitp cai thién do chinh xac vé phuong
vivavi tri dang ké so vi hé théng cung loai chi
str dung EKF thuan tay.

Tai liéu tham khao

[1]. Naser E. S., (2005), "An Overview of
Mobile Mapping Systems", From Pharaohs to

Geoinformatics, FIG Working Week 2005
and GSDI-8. Cairo, Egypt April 16-21, 2005.

[2]. Bossler J. D., Novak K. (1993),
"Mobile Mapping System: New Tools for the
Fast Collection of GIS Information", GIS’93,
Ottawa, Canada, March 23-25.

[3]. Jasiobedzki. P, Se. S, Bondy. M and
Jakola. R (2008), "Underwater 3D mapping
and pose estimation for ROV operations,"
OCEANS 2008, Quebec City, QC, Canada,
2008, pp- 1-6, doi:
10.1109/0CEANS.2008.5152076.

[4]. Huang, Y.W. and Chiang, K.W.,
(2009). Performance Analysis of Low Cost
INS/GPS POS Systems for Land Based MMS
Utilizing LC and TC Integration, ION GNSS
2009 Meeting, Savannah, Georgia, USA,
September 22-25.

[5]. Park, M. and Gao, Y., (2008). Error
and Performance Analysis of MEMS-based

Inertial Sensors with a Low-cost GPS
Receiver. Sensors, 8(4), pp. 2240-2261.

[6]. Li, T.; Zhang, H.; Gao, Z.; Chen, Q.;
Niu, X.,(2018). High-Accuracy Positioning in
Urban Environments Using Single-Frequency
Multi-GNSS RTK/MEMS-IMU Integration.
Remote Sens. 2018, 10, 205.
https://doi.org/10.3390/rs10020205.

[7]. Nguyen Van Thang, Pham Manh
Thang, Tran Duc (2012). The
performance improvement of a low cost
INS/GPS integration system using the street
return algorithm. Vietnam Journal of
Mechanics, 34(4), pp.271-280.

[8]. Vana S., Bisnath S,
Enhancing  Navigation in Difficult
Environments with  Low-Cost, Dual-
Frequency GNSS PPP and MEMS IMU.
International ~ Association of Geodesy
Symposia. Springer, Berlin, Heidelberg.
https://doi.org/10.1007/1345 2020 118.

[9]. H. Benzerrouk and A. Nebylov,
"Robust nonlinear filtering applied to
integrated navigation system INS/GNSS

Tan.

(2020).

16

TAP CHI KHOA HOC PO BPAC VA BAN PO SO 60-6/2024


https://doi.org/10.1007/1345_2020_118

Nghién ciru
under non Gaussian measurement noise [10]. Shin E. H. (2005), "Estimation
effect," 2012 IEEE Aerospace Conference, Techniques for Low-Cost Inertial Navigation",

Big Sky, MT, USA, 2012, pp. 1-8, doi: UCGE Reports Number 20156.
10.1109/AER0O.2012.6187141.

Summary

Improving the performance of the GNSS/IMU integrated system with GNSS heading
from motion constraint

Duong Thanh Trung
Hanoi University of Mining and Geology

Global Navigation Satellite Systems (GNSS) are widely used for mapping, positioning and
navigation. However, for applications that require high and continuous data access, such as
unmanned aerial vehicle navigation, hydrographic surveying and mobile mapping systems,
information from GNSS alone is not enough. An integrated solution between GNSS and inertial
measurement units (IMUs) has been applied to overcome this issue. This integrated solution
allows simultaneously providing information about the position, velocity and direction of the
carrier in 3D space. However, low-cost IMUs are often used for most commercial applications,
which leads to limited system accuracy. This paper introduces an integrated solution between
GNSS and low-cost IMUs with the condition of constraining the direction from the motion
vector of the GNSS receiver to improve the accuracy of the integrated GNSS/IMU system.
Experimental analysis shows that the proposed solution significantly improves positioning and
orientation accuracy compared to the pure integrated solution.

Keywords: Integration, GNSS, IMU, Heading constraint, Kalman Filter.
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