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TOM TAT

Bai bao trinh bay mot phu’ng phdp méi phat hién diém gia mao trong toa do dan duong vé
tinh (GNSS) dira trén viéc két hop véi mé hinh INS/Odometer. Toa dj dan dwong trd vé tu’ mo hinh
INS/Odometer va dau thu tin hiéu GNSS duwoc so sanh véi nhau dé dwa ra két lugn vé diém gia
mao. Trong bdi bdo nay, tac gid dwa ra mé hinh két hop INS/Odometer sir dung bé loc Kalman 18
trang thdi; thudt todn phat hién diém gia mao; phirong phdp két hop GNSS véi INS/Odometer dé
sia toa dé sai. Vi mé hinh INS/Odometer cho phép wéc lirong chinh xdc cdc tham sé dan dwong.
Toa do dan duong ter mo hinh két hop INS/Odometer dwoc so sanh voi toa do thu duoc tie thiét bi
thu vé tinh dé tir do phdt hién ra diém gia mao trong toa do GNSS. Cdc thir nghiém chirng minh
tinh ding ddn ciia thudt todn dé xudt.

Tw khoa: INS; Odometer; GNSS; B loc Kalman.
1. PAT VAN PE

DPéi voi phf?m 16n cac ing dung dan sy, hé théng dinh vi toan cau béng v¢€ tinh dap ung duogc
cac yéu cdu co ban nhu dinh vi, din duong, xac dinh téc do di chuyén cua phuong tién [1]. Uu
diém cua hé thong dan duong GNSS 1a dé trién khai, chi phi ré, khu vuc bao phu 16n. Tuy nhién,
hé thong nay thuong co tdc do cap nhat thip, c6 thé mat tin hiéu do dia hinh, thoi tiét, nhiéu. Trong
cac hoat dong quan su, cac tin hiéu GNSS c¢6 thé bi gdy nhidu chu dong, hodc dugc thiét ké dé
danh Itra méy thu, din dén céc tinh toan sai khi dua ra tham s dan duong, thay vi thu dugc toa do
chuan, trén may thu GNSS nhén duoc cic toa do gia mao. Viéc phat hién toa do gia mao co ¥ nghia
rat 16n khong chi trong quan sy. Ddi voi cac ing dung dan sy nhu xe tu 14i, may bay khong nguoi
141, 18 rang, toa do gia mao lam cho dan duong sai, tir do co thé gdy mat an toan va ton that rat 16n.
K¥ thudt phat hién toa do gia mao co thé thuc hién bang phan cung, dua trén céc cai tién cta bod
thu vé tinh, xtr 1y truc tiép tin hiéu GNSS [2, 3]. Viéc phat hién diém gia mao ciing c6 thé thuc
hién bang xir Iy phan mém. Trong cong trinh [4], nhom tac gia d& xuat phuong phap hoc may cd
giam sat dé phat hién tin hiéu GPS gia mao. Ciing lién quan dén toa do gia mao, trong cong trinh
[5] nhom tac gia dua ra giai phap phat hién diém gia mao GPS dua trén giao thirc diéu khién mang
(ICMP) va ban db IP cua thiét bi sir dung.

Trong bai bo nay, tac gia dé xuat sir dung mo hinh két hop INS/Odometer dé phat hién diém
gid mao trong toa do dan duong GNSS. Nhu da biét, hé thong dan duong quan tinh (INS) nhu mot
giai phap dé loai bo cac yéu td gay nhiéu ctia moi trudng. C6 nhiéu nghién ciru vé thuat toan dan
dudng quan tinh dé nang cao d6 chinh xéac. Trong nudc, c6 thé ké dén cong trinh [6] ciia nhom tac
gia Pham Vin Phiic, Nguyén Quang Vinh, Nguyén Dic Anh. Trong nghién ciru nay, nhém két
hop thiét bi do van tdc ddp le véi thiét bi din duong quan tinh dé xac dinh vi tri cho phwong tién
ngﬁm, bd loc Kalman dugc str dung dé hiéu chinh sai s tinh toan. O ngoai nudc, mot s6 thudt toan
dan dudng quan tinh co thé tham khao trong [7]. Trong cong trinh [8], nhom tac gia dura ra phuong
phap nang cao d6 chinh xac dan dudng quan tinh bang cach két hop cam bién doppler, va cac thuat
toan GA (genetic algorithm), SVR (support vector regression).
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Trong phuong phap dé xuit, toa do thu duoc tir mé hinh INS/Odometer dugc dem so sanh véi
toa dd GNSS dé phat hién gia mao. B6 loc Kalman duogc §1"I dung d¢ tang dd chinh xac cac tham
s0 u6c luong. Cac nodi dung trinh bay trong bai bao bao gom: M6 hinh két hop INS/Odometer st
dung bd loc Kalman 18 trang thai; két hop mé hinh INS/Odometer dé ph;’lt hién diém gia mao
trong toa d0 GNSS; phuong phap stra toa dg sai; cac két qua thir nghiém. Két qua thu dugc khang
dinh tinh dung dan cia giai phap d¢ xuat.

2. MO HINH KET HQP INS/ODOMETER

Chon hé toa do NED (North East Down) 1a hé toa d9 dan duong, ki hiéu OXnYnZn (n-frame).
He toa d OmXmYmZm (M-frame) gan véi xe, c6 goc dat tai tam xe. HE toa d6 lién ket gan voi khoi
do ludng quan tinh (Inertial Measurement Unit - IMU) ObX,YZs (b-frame). Cac géc tu the cua xe
Ia goc nghiéng (roll ), gbc chuc (pitch @) va goc hudng( headingy ). Bo tri IMU va Odometer
trén xe dugc minh hoa nhu trong hinh 1. Trong do, Onm 1a tam xe, Odometer dit tai tryc khong dan
dong cua xe, Op — tdm IMU, L 1a khoang céch tir tim xe dén tam IMU.

IMU \

L Ob Xp

Xm

sl/ Ym \L Yo

Hinh 1. B6 tri thiét bi INS va Odometer trén doi tiwong xe co gidi.
Cam bién do quang duong Odometer tra vé gia tri quang duong di chuyén dua trén bo dém tich
lily xung. Chiéu dai quang duong va gid tri van toc dugc xéac dinh trong (1):
S=Ky, N
: 1)
v=S=AS/At=K, AN / At
Trong d6: S 1a quang dudng di chuyén; Kop la hé sé ty Ié cua Odometer; N 1a sb xung dau ra;
AS la gia s6 quang duong trong khoang thoi gian lay mau At. Trong di€u ki¢n hoat dong binh
thuong, phuong tién chi chuyén dong theo truc doc phuong tién (truc x), van toc theo thanh phan
ngang va dung (truc y, z) bang 0. Khi do, van toc do ludong cua xe (xac dinh tai tim xe):
vio=[S 0 0] =[v 0 Of @)
Khi x4c dinh hé sd ti 1& ciia odometer ludn tOn tai sai sd 5k , khi d6, van tdc do duge md ta boi
cong thirc:
\700 =1+ 5k]VOD 3)
Trong d6: Vg, - Vén tdc ciia phuong tién xac dinh boi odometer, Vo, - Van toc that ciia phuong tién.
Khi lép dat, gitra cam bién IMU va xe s& ludn ton tai cac goc léch theo ba truc (roll, pitch, yaw)
oa= (ébzr oa, oa, )T . Sau bude cin chinh, cac goc léch ndy trd nén nho, khi dé, ta co thé biéu
dién ma tran chuyén tr hé€ toa do lién két sang h¢ toa do xe [9]:
C, =1—-(5ax) 4)
Trong d6: | — Ma tran don vi bac 3; (dax) - Skew-symmetrix matrix sinh boi véc to da . Véan
toc tinh duoc trong hé dan duong va van tdc tai tim xe dugc lién hé boi:
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Voo = G (CV" + g, x1°) (5)
Trong d6: vy, - Van tbc biéu dién trong hé toa do gin v6i IMU; v" - Van tdc phuong tién tai
tam dat IMU, biéu dién trong hé toa d6 dan duong; a)fb - Van téc quay cua phuong ti€n so vai trai
dét, biéu dién trong hé toa do lién Kkét; IgD - Véc to ndi tim IMU véi tm xe, biéu dién trong hé
toa d0 lién ket.
Khi tinh dén sai s6 do, phuong trinh (5) duoc viét lai:
U5 = ClCN" +a), x1°) (6)
Trong do: C° =C® (I + 8¢ ) voi 8¢ - sai s goc tu thé; ¥" =v" +5V";

A b A NP b b .
@5, =0y, —Cro, =of) + by, —C) (1 +5p)(of, +5o);

Dit: Z =07 07 =[1+6k]V,p- CM(CP0" + @, x I°) - Véc to do luong. Sau khi bién dbi:
Z =H,5¢+H,0V, +H,da, 7)
Voo O 0
Trong d6: H, =CP(Vv"x); H,=-C?; H,=| 0 0 Ve
0 —vop, O

Trong md hinh két hop INS/Odometer, phuong trinh ddng hoc mé ta goc tu thé,, van tc, vi tri
duoc xac dinh boi [7]. Cac phuong trinh nay cho phép thuc hién tinh toan trong khoi INS.

Cr =Cr (@}, ), @y, = &y, — by, —Cla, (8)

V' =C)(f°-6b,) - (e +@f)xV" +g" )

i =v" (10)

Véi f°- Gia tbe tra vé boi IMU; r"- Toa d6 ciia IMU trong hé dan dudng; (a):b x) - Skew
symmetrix ~ matrix sinh  bdi  véc to a)fb . bat véc to trang  thai
=[sr" oV & obY, Obl, daf | . wongdo: sa=(ok S, w,) . Voi gia

thiét cic thanh phin sai s6 cia gyro, gia toc ké va Ja, la hiang sé khi do:
sb,, =0; 8b,, =0; S =0. Céc thanh phan dao ham &¢7, V™, 5™ c6 thé xem trong [10, 11].
H¢ phuong trinh trang thai va phuong trinh do luong dugc xéac dinh:
X(t)=F(t)X(t)+G(t)w(t)
Z(t)=H(H)X(t)+£ (1)
F(t) 1a ma trdn dong hoc hé thdng, G (t) 12 ma tran hé s6 nhiéu, W(t) ~ (O,Q) - nhidu qua
trinh, £ ~N(O,R), R=diag[o},07,07 |, lanhiudo lwomg, H=(H,5; H,z Hosy)-

(11)

Vi s6 liéu dau ra ciia IMU 1a roi rac, voi chu ky cé@p nhat la At. Phuong trinh trang thai va
phuong trinh do ludng duoc biéu dién trén mién roi rac:

X, =@y X, +W,

k,k-1

(12)
Zk = Hka—l + gk
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Trong do:
O, =exp(F_AD) ~ | +F_ At
W, ~N(0,Q,), Q =GQG'At (13)
é‘k ~N (0, Rk)

Tur cac phuong trinh trén ta co thé thuc thi bo loc Kalman mé rong voi nguén dit liéu dau vao
tur IMU va thong tin do Iuong dugc lay tir cam bién do quang duong.

3. PHAT HIEN VA SUA TQA PQ GIA MAO TRONG GNSS
Véi mo hinh két hop INS/Odometer, xac dinh duoc toa do dan dudng, van tdc va cac gbc tu

’ T T \ \
the. bat: r" :[X" y" Z”] , V" :[V;‘ vy v;] . Toa @9 tra vé bai dau doc GNSS sau khi quy

2. N N \ T £ . en \
d6i sang hé toa d6 NED la: r®™ = [XGNSS yoNss ZGNss] . Néu sai 1éch gitra véc to r" va véc to
r 16n hon ngudng gi6i han thi di dén két luan rang, toa dd GNSS la gia mao. Thuit toan phat
hién diém gia mao dugc md ta nhu trong hinh 2.

Khéi tao diém bt diu cho mé hinh
INS/Odometer,i=1

) -~ 5
Tinh ton toa 4o tiép theo boi mo hinh [$
INS/Odometer
g
™ i
M6 hinh g
két hop
NS/ l
Odometer [ Doc toa d6 GNSS | s
/GNSS Phi 4 6o
7y 4t - 28 & DE (-
S R no hién gia Al
-nEuing mao,
yes i=o0 o
5
| G |‘_I Lo - 7 E‘
> 25 —
o no B E g &
- =
ves | )
Tao tin hiéu cho phép kéthop GNSS L
V6 INS/Odometer
g
no E
yes g~ =]
G < B
Hinh 2. Thudt todan phat hién diém gia mao Hinh 3. M6 hinh ket hop
GNSS. INS/Odometer/GNSS sita toa do gia mao.

Pé stra toa d9 gia mao trong din duong GNSS, ta sir dung m6 hinh két hop
GNSS/INS/Odometer (hinh 3). B loc Kalman 6 trang thai dugc st dung dé két hop toa do GNSS

n n n

7. A ~ n n T n n n U 7 7. A
véi toa do INS/Odometer. Bat X :[r r ] :[x y. oV, VZJ - véc to trang thai b

.
loc Kalman, Z :I:Xgps y®oz® v v V?pS] - véc to do luong. Tu [12]:

" b v (14)
V' lCr P —2crscevt + g
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Trong do: C, - Ma tran chuyén tir toa do lién két sang toa do dan dudng, C. - Matran chuyén
tir toa do trai dat sang toa do dan duong, Q. - Skew-symmetric matrix sinh boi véc to @, - Van
tbc quay cua trai dat trong hé quy chiéu quan tinh. Phuong trinh mé ta trang thai va phuong trinh
do luong:

X = f(X(t),u(t)) +w(t); Z=HX +v(t) (15)

V6i ma tran H = Iexs, W(t) - Xéc dinh béi sai s6 phép do gia tdc, v(t) — X&c dinh boi sai sé phép
do toa do va vén toc boi thiét bi GNSS, Tir (16) ap dung bo loc Kalman mo rong [13] dé ude lugng
tham so dan duong, vdi chu ky cdp nhat bang N 1an chu ky cap nhat cuia GNSS.

Khi phat hi¢n diém gia mao, hé théng dan dudng ngit ra khoi tin hi¢u GNSS, toa do dan duong
luc nay duoc xac dinh bang cac thong tin ndi bg, hé théng~ hoat dong tu tri theo mo hinh
INS/Odometer, khong chiu anh hudng ctia cac tac nhan gay nhicu GNSS.

4. THU NGHIEM VA KET QUA

D4 thir nghiém, st dung IMUS500 véi d6 troi gyro 0.1%h, nhidu 0.007°/+/h , do troi gia tde ké
0.5 mg, nhiéu 20 ug, odometer 1024 xung/vong, hé §6 Kop = 0.324 cm/xung, thiét bi thu GPS
VP88U vdi sai s6’ dinh vi toa d¢ la 2.5 m. Trudc hét danh gia sai so dan duQ’ng cua mo hinh
INS/Odometer. Két qua thir nghiém chi ra trén bang 1, véi quang duong di chuyén 3010 m.

Bing 1. Két qud chay thir nghiém xdc dinh sai sé dan dirong.

Lan thir Toa d¢ diém chuan Toa d¢ do dugc khi vé Sai léch vi tri
nghiém dich (m)
1 (21.0320651, (21.0320981, 51
105.8444851) 105.8445207)
2 (21.0320651, (21.0321175, 7.5
105.8444851) 105.8445328)
3 (21.0320651, (21.0320971, 6.4
105.8444851) 105.8444336)
4 (21.0320651, (21.0320183, 55
105.8444851) 105.8445013)
Sai s0 RMS 6.32
Sai s6 tuong d6i 0.21%
Bing 2. So sanh sai s6 dan dwong véi mot sé thiét bi da cé trén thi truong.
BSP-GL-VG109 BIN32.061 INS/ODOMETER
0.1% 0.25% 0.21%

Sai s6 nay 1a chap nhan duoc khi so sanh v6i mot s6 thiét bi da co trén thi truong nhu BSP-GL-
VG109 (0.1%), BIN32.061 (0.25%). Tiép theo, so sanh mé hinh két hop INS/Odometer véi md
hinh INS, toa d6 GNSS dung lam tham chiéu (hinh 4). C6 thé thay quy dao dan duong
INS/Odometer (dudng nét lién cham) bam sat quy dao GNSS (dwong nét lién), trén hinh 4 hai
duong niy gan nhu tring nhau. Trong khi d6, qui dao INS (duong nét dut) thi léch dan so véi quy
dao GNSS. Sau 6 phut, sai 1&ch tga d0 GNSS so voi INS/Odometer 1a 3.1m, trong khi d6, so véi
INSla72 m.

Dbi vai kich ban cho trudng hop phét hién gia mao, ta sir dung bo dit liéu thu thap cho cung
duong Ly Nam Dé, Tran Ph, bién Bién Phu, Dinh Boc Lap, Hoang Van Thy, Hung Vuong, Quan
Thanh (duong nét lién, hinh 5, 6). Trong kich ban nay, trén mot phan cung duong tir diém A dén
diém B di qua Dién Bién Phu, Dinh Bgc Lap, Hoang Van Thy, Hung Vuong, toa d0 GNSS thuc
bi thay thé b@fmg dit liéu gia mao (duong nét dit, hinh 5, 6). Pau tién, ap dung moé hinh
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INS/Odometer dé phat hién diém gia mao véi ngudng R = 10 m. Toa do din dudng cua hé
INS/Odometer/GNSS dugc biéu dién bang duong nét lién chdm (hinh 5). Trén phan cung dudng
tir diém A dén diém B, hé théng phat hién toa do gia mao GNSS, ltic ndy toa do dan duong ciia hé
théng bo qua dir li€u GNSS, né chi dya trén mo hinh INS/Odometer. Co thé théiy, mac du toa do
GNSS bi gia mao tu diém A dén diém B, toa do tra vé tir hé théng van bam sat cung duong di
chuyén thyc té (duong nét 1ién). Do chinh x4c ctia INS/Odometer quyét dinh chét luong din dudng
ctia ca hé théng. Trong trudng hop sir dung mé hinh INS dé phat hién va stra diém gia mao (hinh
6), do sai s6 dan duong INS 16n, khi chua dén diém A, sai léch gitta toa do INS va toa do GNSS
vuot ngudng phat hién (R = 10 m), toa d6 din duong cta hé (duong nét 1ién chim) luc nay dugc
xé4c dinh bai toa dd INS. Do sai s6 INS 16n nén truong hop nay toa do dan duong ciia hé théng bi
1éch nhiéu so véi di chuyén thuc té (duong lién nét). Khi sai 1&ch giira toa do INS va toa do GNSS
nho hon ngudng R, toa d6 dan duong cua hé théng la téng hop ctia toa dd GNSS va toa d§ INS.

TIEN DUC

Hinh 4. So sanh quj dao  Hinh 5. Két hop INS/Odometer  Hinh 6. Két hop INS voi
GNSS, INS/Odometer, INS.  véi GNSS dé phdt hi¢n va sica  GNSS dé phat hién va sira
diém gia mao. diém gia mao.

5. KET LUAN

Bai bao gidi thi¢u thanh cong mot phuong phap phat hién diém gia mao trong toa do GNSS.
Trong bai bao mé hinh két hgp INS/Odometer dugc st dung 1am co so tham chiéu dé phat hién
cac diém nghi ngo trong toa do dan duong GNSS. Thuit toan st dung bo loc Kalman duoc ap
dung dé wdc lugng va hiéu chinh cac tham s6 dan duong. Cac két qua thir nghiém cho théy md
hinh INS/Odometer khéc phuc duoc sai s tich lity trong thuét toan dan duong INS truyen thong,
nén c6 thé 1y 1am can ctr ddi chiéu véi toa 6 GNSS dé tir d6 phat hién chinh xac diém gia mao,
trong truong hop nay toa do dan duong s€ duogc xac dinh dua trén toa do dua ra bdi md hinh
INS/Odometer. Viéc phat hién diém gia mao co y nghia quan trong trong cac tng dung quan su,
cling nhu dan su. N6 gitp ting su an toan, giam thiéu cac thiét hai do dan dudng sai gdy ra. Khi
phat hién diém gia mao, hé thong din dudng ngit ra khoi tin hiéu GNSS, toa do dan duong lic
nay dugc xac dinh bé’lng cac thong tin ndi bg, hé théng hoat dong tu tri, khong chiu anh hudng cua
c4c tac nhan gay nhiéu GNSS.
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ABSTRACT

Research on INS/Odometer combination model
to detect spoofing points in navigation coordinates

This article presents a new method for detecting spoofing points in satellite navigation

coordinates (GNSS) based on combining with the INS/Odometer model. In this article, the
author presents a combined INS/Odometer model, using an 18-state Kalman filter; algorithm
to detect spoofing points and method to combine GNSS with INS/Odometer to correct wrong
coordinates. The INS/Odometer model allows accurate estimation of navigation parameters.
Navigation coordinates from the INS/Odometer system are compared with coordinates
obtained from the GPS satellite receiver to detect spoofing points in GNSS coordinates. The
experiments demonstrate the correctness of the proposed algorithm.

Keywords: INS; Odometer; GNSS; Kalman Filter.
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