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TOM TAT

Bai bdo trinh bay phwong phap umg dung bo loc Kalman phi tuyen mao rong nham két hop
cdc thong tin do dwoc tue con quay toc dg géc voi tir ké va gia toc ké va thong tin dinh vi vé tinh
dé wéce lwong cdc tham sé Rodrig-Haminton, vi tri va toc dé cia phirong tién mang. Ngodi ra,
bai bdo con trinh bay phwong phép dé ndng cao hiéu sudt ciia hé théng dinh vi toan cau tich hop
va hé théng dan dwong qudan tinh (GPS/INS) trong thoi gian ngirng hoat dong cua GPS, mot
thudt todn két hop méi dwoc dé xudt dé cung cdp théng tin vi tri va toc dé do nham hé tro hé
thong dinh vi tich hop, do la ung dung mang no ron nhan tao ANN dé cai thién dé chinh xdac khi
mat GPS. Bdi bdo tdp trung vao cdi thién do chinh xdc vi tri va téc do cia tau mang khi mat
GPS ¢ thoi diém phéng thiét bi bay. Vin dé nay con mdi 6 Viét Nam, va con it dugc cong bo.
Nhém tdc gia dé xudt gidi  phdp dat con quay vi co do toc dg goc, gia toc ké do gia toc biéu kién
va tir ké trén thiét bi mang két hop cdc thudt todn dé giai quyét bai todn vira néu trén.

Tir khéa: Hé théng tich hop GPS/INS; Tri tué nhan tao; Mt GPS.
1. MO PAU

Hé thong dinh vi toan cau va hé théng din duong quan tinh 13 hai hé théng dinh vi duogc sir
dung phd bién. Giai phap GPS tuong dbi 6n dinh va c6 thé duy tri chirc ning din dudng trong
thoi gian dai. Tuy nhién, né bi anh huong boi hiéu ung da duong va tin hi€u cia no co thé dé
dang bi chan hogc mat trong mot sb moi truorng nhat dinh [1]. Mat khac, INS la mot hé thong ty
tri c6 thé cung cip cac phép do trong thoi gian ngin véi tan sb cap nhét cao nhung sai s6 do cua
n6 c6 thé tich lity theo thoi gian do hiéu ung troi [2]. Dé tan dung diém manh cia hai hé thdng va
bu dap nhitng nhugc diém riéng cta chiing, viéc tich hgp GPS va INS di dugc dé xuét va trién
khai rong rai cho cic img dung trén xe cd. Trong cac hé thdng tich hop nay, Bo loc Kalman (KF)
12 mot trong nhitng phuwong phap két hop phd bién nhét trong nhitng nim gan day vi tinh kha thi
va phu hop ctia n6 [3]. Tuy nhién, trong thoi gian GPS ngimg hoat dong, hé thong tich hop budc
phai chuyén sang ché do INS thuan tay, trong d6 d¢ chinh xac dinh vi giam di dang ké.

Dé thuc hién chirc ning dan duong lién tuc véi d chinh xac cao ngay ca khi GPS ngung hoat
dong, khi khong thé thu duoc tin hiéu GPS, mot sé giai phap da dugc cung cip. Mot hé thong
dan duong thong minh ung dung cho phwong tién ty hanh dudi nudéc AUV (Autonomous
underwater vehicle) da dugc d& xut bai Loebis va cac cong su [4]. Mot bo loc Kalman don gian
(SKF) va EKF duoc dé xuét dé xir 1y dir liéu tir INS va tich hop véi dit 1iéu GPS. Trong bai béo
nay k¥ thuét logic md thich nghi dwgc tng dung cho ca EKF va SKF. Két qua cho thiy da cai
thién dugc cac udc luong ciia timg bd loc riéng 1é va nang cao do chinh xac tong thé cua hé
thdng tich hop INS/GPS. Sharaf R. and Noureldin di sir dung mang no-ron nhén tao (ANN) cho
dir liéu téng hop tir INS va GPS [5]. Mac du ¢o thé cai thién duoc do chinh xéac cta hé, nhung do
tinh phirc tap két hop véi kién trac mang nhiéu 16p va cac thuat toan dao tao tryc tiép da han ché
kha nang thyuc hién thoi gian thuc ctia ki thuat nay.

Mot giai phap khac cho van dé ngimg hoat dong ctia GPS 1a st dung mo-dun théng minh
nhan tao (AI) dé ting cuong GPS/INS truyén thdng. Khi ¢6 tin hiéu GPS, mo-dun Al tich hop
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trong hé théng s& duge dao tao dé 1ap ban dd dong luc hoc cua xe véi cac 16i vé van toc hodc vi
tri INS tuong mg. Sau d6, m6-dun Al da duge dao tao s€ stra cac phép do INS trong thoi gian
GPS ngung hoat dong. Cac nha nghién ctru khac nhau da ap dung cac phuong phap tlep can Al
khac nhau sir dung cac déu vao va dau ra khac nhau. Noureldin va nhom cua 6ng 1an dau tién st
dung vi tri INS lam dau vao va st dung sy khac biét gitra vi tri INS va vi tri GPS lam déu ra [6].
Sau d6, cac phép do gia toc ké va con quay hoi chuyén, ciing nhu thong tin vé tu thé duoc thém
vao lam dau vao bd sung dé dat duoc hiéu suét tét hon [7]. Mang no-ron nhén tao, mang no-ron
chtrc ning co sé ban kinh va hé thong suy luan m& no-ron mo thich ing déu di dwoc nghién ctru
dé cung cip kha ning bu 156i c6 do chinh xac cao [8]. Ahmed E. MahdiORCID va cong su [9] da
dua ra mot hé thong suy ludn mo than kinh thich ing dua trén may hoc (ML-based-ANFIS) duoc dé
xuét dé thiic day hiéu suat ciia IMU cép thap. [10] trinh bay mét phuong phap méi duge hd tro bai Al
cho hé thong dinh vi INS/GNSS tich hop c6 d6 chinh x4c cao. S gia ting vi tri trong thdi gian ngimg
hoat dong ctia GNSS dugc du doan bdi don vi tai phat kiém soat mang than kinh tich chap (CNN-
GRU). Trong qué trinh nay, CNN dugc sir dung dé trich xuat nhanh cac dic diém chudi da chiéu va
GRU duoc str dung dé md hinh hoa chudi thoi gian. Ngoai ra, mot chién luge huin luyén thoi gian
thuc méi duoc dé xudt cho cac tinh hudng g dung thuc té, trong d6, thoi gian ngimg hoat dong cuia
GNSS va thong tin trang thai chuyén dong ciia phuong tién duoc tinh dén trong chién luge huén
luyén. Két qua kiém tra duong thuc té x4c minh ré“mg thuat toan dé xuét c6 vu diém 1a do chinh xéac
du doan cao va hiéu qua huan luyén cao. [11] kién trac mang hoc sdu c¢6 tén 1a mang than kinh
GPS/INS (GI-NN) duoc dé xuét trong bai bao nay dé hd trg INS. GI-NN két hop mang no-ron tich
chap va mang no-ron don vi hdi quy c6 kiém soat dé trich xuat cac ddc diém khong gian tir tin hiéu
don vi do quan tinh (IMU) va theo d&i cac dic diém thoi gian ctia chung. Mdi quan hé giita hudng,
gia tdc, toc do goc va muc tang vi tri GPS dugc md hinh hoéa, trong khi dit li¢u IMU hién tai va trudc
do6 duge GI-NN sir dung dé wéc tinh dong luc hoc ctia xe. M6 phong s6, kiém tra thyc té va kiém tra
dit liéu cong khai duoc thuc hién dé danh gia tinh hiéu qua cta thut toan d& xuit. Tét ca cac bai bao
néu trén chua c6 bai nao 4p dung mang no ron cho phuong tién mang 13 tau dugc trang bi thiét bi dan
dudng quan tinh c6 dé.

Vé6i muyc tiéu cung cip hiéu suét tét cho chire ning dan duong khi mat GPS, mét hé thong tich
hop INS/GPS dya trén Al méi duge dé xuat dé khac phuc nhu’ng thiu sot clia cac phuong phap
truge do da thao ludn ¢ trén. Khi co tin hiéu GPS, van tbe, vi tri va thong tin gia toc cua INS s&
dugc thu thap va huin luyén dé nghién ctru mdi quan hé ciia ching véi thong tin vé vi tri, tbe do
GPS (day chinh 12 bo dir liéu huan luyén). Khi GPS khong kha dung, thong tin da huan luyén s&
dugc str dung dé udc tinh vi tri va toc do GPS 4o nham diéu chinh két qua din duong. Dir liéu
moé phong duge sir dung dé dénh gia thuét toan dé xuét.

2. MO HINH LY THUYET VA PHUONG PHAP
2.1. Ung dung bd loc Kalman phi tuyén va thuat toan xic dinh tham s6 din duong cho tau
mang c6 trang bi thiét bi din dwdomg quan tinh c6 dé ciia vét thé chuyén déng

B6 loc Kalman Ia mot cong cu todn hoc gilp cho viéc danh gia véc to trang thai hé dong hoc
trén co s& thong tin quan sat véc to tin hidu dau ra. Gia sir qua trinh chuyén dong cia phuong
tién dugc mo ta boi hé phuong trinh dong hoc roi rac sau:

X, =F ., (X )+G6 (X )o 1
Z, =h(X,)+v, 1)

Trong d6: X,, X, , 14 trang thai ciia véc to trang thai X (véc to n chiéu) & bude thir k va bude

thu k-1; Z, 1a gia tri cua véc to déu ra (véc to m chiéu, thuong m < n); o,, V,1a véc to nhiéu

dong lyc va nhidu do c6 dang nhidu tring vai ky vong toan hoc bang 0: o, ~N(@©0,Q);v, ~NO,R);
F , la véc to ham sé F & budc thir k-1:
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F=(f,f,.f) (2)
Trong d6: f,, f,,...f,1a cac ham phi tuyén véi bién s6 1a véc to X; h, 1a véc to ham sd h &
budc thu k:
h=(h.h,,...h)’ @)
Ma tran hiép phuong sai ciia véc to sai s6 danh gia trang thai véc to X nhu sau:
R =&(X, - X JIX, - X, T
Trong do, ¢ la ky vong toan hoc.
Thu tuc cia thudt toan danh gia trang thai X trén co sd véc to quan sat (do dugc) Z theo
Kalman nhu sau [12]:

X, () =F (X&), @, =0F, 1oX|, ;.2 =h (X () H =éh 1oX|

X=X, ()
Pk(_) = (I)k 1R< 1(+)¢)1 1 +Gk 1Qk 1G|I*l’ Kk = Pk (_)H: (HkPk(_)Hl;r + Rk)i1 (4)
X, (=X +K(Z ~Z), R®=(1-KH)IRE)
v6i I 12 ma tran don vi. Dé tién hanh loc Kalman can xdy dung dugc ham F(X) md ta mo hinh
dong hoc cua phuong tién chuyén dong, xay dung ham h(X)md ta quan hé giita véc to trang
thai va cdc dai lugng cua cac phuong tién do, xac dinh déc trung thdng ké ctia nhidu dong hoc va
nhi¢u phuong tién do, trc 1a xac dinh 2 ma tran Q,R .

Tham khao tai liéu [13], [14] va b sung thém cac bién trang thai vé vi tri, tdc do cua GPS ta
c6 ddy dit 16 ham (f,, f,,...f,) ctia véc to ham F", (X",). Va 9 ham quan st:

Khi d¢, ta tim dwgc ma tran do H :[ahilﬁxj], H :[hij],i:1,2,...,9;j:1,2,...,16. va ma tran
chuyén doi trang thai @ =[of," /GXT] =[¢,1.(1=12,..,16; j=12,..,16) . Tuong ty ta tim dugc
ma tran G, G =[g; ],i=1+16; j=1+6. Néu cac con quay vi co va cac gia toc ké khong tuong
quan }ﬁn nhau thi ma trn Q la ma trn duong chéo, la phuong sai cia cac con quay vi co va gia
toc ké. Con ma tran R van la ma tran voi kich thude (9x9) véi duong chéo la cac phuong sai cua
3 tir k& va phuong sai cua 3 kénh do toa dg, 3 kénh do toc d§ cua GPS. Nhu vay, c6 day du di€u
kién dé thuc hién thuat toan ng Kalman. Van dé khi tau mang thiét bi bay di vao khu vuc mat tin
hi€u GPS hodc tin hi€u GPS yéu thi bai toan sir dung mang no ron nhan tao dé cai thién do chinh
xac cac tham so6 vi tri va toc d0 duoc dé xuat.

2.2. Miéu ta md hinh thuat toan dung mang ANN khi mit GPS

gyro +
accelerometer Pins (K),Vins (K), As (K) Corrected outputs
— INS
magnetometer 4’% >
Ple(k)lles(k) SP(k),oV (k),5A(K)
specific force f,, (k)
time t ANN
ime N

+
Kalman
GPS - > EKF

Paps (K), Vges (K)

Hinh 1. C4u hinh qué trinh huan luyén.
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gyro
accelerometer INS Pius (K),Vins (K), Aps (K) :Q Corrected outputs>
| >
magnetometer ‘A
Pis (K) | Vins () SP(K),oV (k),5A(K)
specific force f,, (k)
time t ANN

seudo GPS (k) é Kalman
> > EKF
Pseudo GPS (k)

Hinh 2. C4u hinh qua trinh di dodn.
2.3. Thuit toan huin luyén va tinh chinh mang
2.3.1. Lan truyén nguoc (Backpropagation)

Lan truyén nguoc la mot phuong phap quan trong aé huan luyén mang neuron nhan tao. NO
dua trén nguyén tac ctia giam dao ham dé diéu chinh trong s6 ctia mang sao cho sai sO giita dau
ra thuc té va du doan 1a nho nhit. O day, nhom tac gia dung mang no ron truyen thang da 16p su
dung thuat toan lan truyen nguoc [15] dé tinh toan va cip nhat trong sb, 18i dugc lan truyén
nguoc tir 16p déu ra vé cac 16p trude.

2.3.2. Qud trinh tinh chinh tham sé

Pé dat duoc hiéu suét‘ tdt nhat, gé”ln phai thuc hién’ qua trinh tinh chinh tham )
(hyperparameter tuning). Di€u nay bao gom viéc di€u chinh toc d¢ hoc (learning rate), sO luong
l6p va no ron trong mang, va cac tham so khac dé ddm bdo rang mo hinh hdi tu nhanh chong va
dat dugc d6 chinh xac mong muon.

Céi‘u trac mang no ron nhom tac gia s dung gém 1 16p dau vao, 1 16p an véi 15 no ron va 1
16p déu ra; SO luong epochs huén luyén 1a 50; T6éc d§ hoc ban dau 1a 0.001; luét huén luyén
mang neural su dung 1a Levenberg-Marquardt backpropagation; ham kich hoat cua lop an la
'sigmoid' va cua 16p ra 1a 'purelin’; thoi gian huén luyén mang 23s; dir liéu huén luyén mang: dau
vao mang la thong tin vé vi tri, toc do cua INS, gia toe tir gia toc ké, bién thoi gian t . Bgu ra cua
mang la thong tin ve vi tri, toc do cua h¢ thong dinh vi v€ tinh GPS. Khi mat GPS thi dau ra cua
mang ANN dé dugc huan luyén t6t chinh la thong tin GPS ao. Nhu vdy, nhu da trinh bay ¢ trén,
khi c¢6 mang GPS thi thong tin tor dau ra GPS gom c6 6 bién trang thai
X1 (K), %, (K), X5 (K), X, (K), %5 (K), X,¢ (K) chinh 1 ham dich cua mang.

3.MO PHONG VA THAO LUAN

Hinh 3 14 d0 thi tham s6 toc d9 gia dinh va wéc lugng. Trong d6: VX, VY ,VZ lan lugt 1a toc do
cua tau mang theo 3 truc toa dd; X,y,z1a vi tri clia tau mang theo 3 truc toa do. Qua trinh mé
phong kiém nghiém trong Matlab va gia sir tiu mang chay véi toc do va gia téc twong tng la:

o, =0.05sin(1* N*At); o, =0.05sin(1* N*At); @, =0.12sin(1* N*At)

. 5
A,=02xg*sin(0.1xN*At); A =03*g;A,=0.3*¢g ©)

M0 hinh sai s0 cua con quay do toc d6 goc va gia toc ke la:
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WX(N)= @, +0.02+normrnd(0.0,0.02); AX(N)= A, +0.02+normrnd(0.0,0.03)

wy(N)= @, + 0.02+normrnd(0.0,0.02); AY(N)= A +0.02+normrnd(0.0,0.03) (6)
wz(N)= w, + 0.02+normrnd(0.0,0.02); AZ(N)= A, +0.02+normrnd(0.0,0.03)
VX
'EZG_ I I I I I I I : raal lina =
__E = = = gps track lina
w 101 === ngural line T
GG 2 4 13 a8 10 12 14 16 18 20
Time [s]
0 : : — : : :
E sof = — e tackina |
3:; 100 - = m = gural line i
1 L 1 1 1 1 L m
1] 2 4 3 a8 10 12 14 16 18 20
Time [s]
vz
?5‘} B I I I I I I I : raal lina T
__E - -gpstlat?kina
; = = ngural lina
GII} 2 1‘1 fl': IB '1:D 1‘2 1‘4 1:5 1‘3 20
Time [s]

Hinh 3. Do thi tham sé toc dé VX NY NZ gid dinh va wéc lwong.

200 T T T T T T T T T
raal lina ]
_5100_ = = =agpstrack lina | |
= | e ——— naural lina
0 . ) e —_?‘—J-T-’-"_T I I
O 2 4 L3 a8 10 12 14 16 18 20
Time [s]
0 , : Y ; ; ; ;
raal lina
E -500 - - = gps track lina | ]
;..._1000 (- naural lina ]
I I L I L L L L L
O 2 4 L3 a8 10 12 14 16 18 20
Time [s]
z
T T T T T T T T T -
500 raal lina T
_E . = = = gps track lina
" —_—’____,_;-"-’-/. ----- naural lina
o L T 1 L L L L L
O 2 4 L3 a8 10 12 14 16 18 20

Time [s]
Hinh 4. 6 thi tham 56 Vi triX,¥,Z gia dinh va voc luong.

Véi buée tinh At =0.001 strong khoang thoi gian 20 s. Trong thoi gian 10 s ¢6 GPS va sau
10 s mat GPS. Trén hinh 3 va hinh 4 13 két qua mé phong qua trinh loc Kalman mé rong theo
thuat toan néu & trén. Pudng nét dé 1a do thi gia trj 1y thuyét, duong nét dut mau xanh 13 két qua
loc Kalman dong thoi day chinh 13 dir liéu mau khi ¢6 tin hiéu GPS, dudng nét dut mau den 1a
két qua dung mang no ron nhén tao dé cai thién d6 chinh xac khi mat tin hiéu GPS. Qua d6 thi
cho thiy, két qua loc Kalman gan tring v6i duong 1y thuyét va khi mat GPS thi vi tri va toc do
clia tau mang bam theo dit liéu mau, ching t6 tinh dung dan cua thuit toan.

Sau khi hudn luyén mang can kiém tra va danh gid mé hinh: sai s6 huin luyén ctia mang la
2.5386€-06, sai s6 huan luyén ctia mang no-ron dugc tinh bang trung binh binh phuong sai s6
(Mean Squared Error - MSE). Cong thirc tinh MSE:
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MSE =12(xi - Xi)?
n

i=1

Trong d6: X, la gia tri thuc té cua daurai; X la gia tri du doan ciia mang cho daura i; n 1a
sb luong mau dir lidu.

Dianh gia vé dinh lugng d chinh xéc khi 4p dung: Qua md phong trén Matlab thiy sai s6
dinh lugng Ve toc do theo 3 truc X, Y, Z lan luot la 4.7837¢-06; 4.5202e-06; 4.5002e-06. Sai s6
dinh luong vé vi tri theo 3 truc X, Y, Z lan luot 1a 2.7684¢-06; 1.3309e-06; 3.6105e-06.

4. KET LUAN

Trén co s¢ su dung thong tin do dugc tir cac con quay vi co do toc do goc, cac tir ké va cac
gia toc ké dit trén phuong tién chuyén dong (phuong tién mang), thong tin GPS va ting dung b
loc Kalman phi tuyén mo rong cho phep thiét lap thuat toan xac dinh cac tham s6 Rodrig-
Haminton. Tir d6 1a co s& dé xac dinh cac tham s6 dinh hudng cua thiét bi mang. Ngoai ra, tac
gia con trinh bay thuét toan img dung mang no ron nhén tao ANN dé cai thién d6 chinh xac, xac
dinh cac tham s6 vi tri, toc d6 cho tau mang khi mat thong tin dinh vi vé tinh GPS. Két qua mo
phong da ching minh tinh ding dan cia thuat toan. So véi cac thuat toan truyén thong, két qua
cho thdy phuong phap dwoc dé xuét co thé cung cap cac giai phap din dudng chinh xac va dang
tin cdy hon trong mdi truong bi mét tin hiéu GPS.
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ABSTRACT

Enhancing the accuracy of position and speed parameter determination
for carrying devices through artificial neural networks

This paper presents a method of applying an extended nonlinear Kalman filter to
combine measured information from angular rate gyroscopes with magnetometers and
accelerometers and satellite positioning information to estimate Rodrig - Hamilton
parameters, position and speed of the carrier. In addition, the article also presents a method
to improve the performance of the integrated global positioning system and inertial
navigation system (GPS/INS) during GPS downtime, a new combined algorithm is proposed
to provide virtual position and speed information to support an integrated positioning
system, which is the application of ANN artificial neural network to improve accuracy when
GPS is lost. The article focuses on improving the position accuracy and speed of carrier
ships when GPS is lost. This issue is still new in Vietnam, and little has been published. The
authors propose a solution to place a micromechanical gyroscope to measure angular
speed, an accelerometer to measure apparent acceleration, and a magnetometer on the
device to combine algorithms to solve the problem just mentioned above.

Keywords: GPS/INS integrated system; Artificial intelligence; GPS outages.
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