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XU LY SO LIEU HE THONG TiCH HQP INS/GPS BANG
CAC THUAT TOAN UOC LUQONG TRON

P6 Vin Duong
Truong Pai hoc Tai nguyén va Moi truong Ha Noi
Tém tit
Bai bdo trinh bay cdc ndi dung nghién ciru vé co so Iy thuyét ciia cdc thudt todn
woe lwong tron dwoc g dung trong xir Iy s6 liéu hé thong tich hop INS/GPS. Thire
nghiém thudt toan woc luong tron voi s6 liéu thu nhan tir hé théng INS/GPS trong
truong hop ngadt tin hiéu GPS trong khodng 30 gidy va 60 gidy. Két qua xir Iy s6 liéu
hé thong sau dé sé dwoc so sanh voi két qua goc do GPS - RTK, tir d6 phdn tich va
so sanh dé dwa ra lira chon t6t nhat trong céng tac xir 1y s6 liéu tich hop INS/GPS.
Tirkhéa: INS (Hé thong din dudng quéan tinh); GPS (Hé thong vé tinh dinh vi
cia My); GPS - RTK (GPS do dong thoi gian thuc).
Abstract
Processing INS/GPS integrated data using Smoothing algorithm

This paper presents smoothing algorithm theory used in data processing of
INS/GPS integrated system. The algorithm was used to process data derived from
experimental INS/GPS system in the case of data missing for 30 - 60 second. The
results were then compared to GPS - RTK data to select appropriate algorithm for

processing INS/GPS integrated data.

Keywords: INS (Inertial Navigation System),; GPS (Global Positioning
System); GPS - RTK (Global Positioning System - Real Time Kinematic)

1. M& dau

Phuong phap udc lugng tron dugc
dé xuét boi [1] cho cac tmg dung xir
1y sau s liéu INS/GPS. K¥ thuat udc
luong tron duoc chia thanh 3 nhém: cd
dinh diém (fixed-point), ¢b dinh khoang
diém (fixed-lag), va ¢ dinh khoang thoi
gian ndi bo (fixed-interval). Trong do,
phuong phap c¢b dinh khoang thoi gian
ndi bd (fixed-interval) dugc st dung
phd bién nhét trong xur 1y s6 lidu tich
hop INS/GPS [7].

C6 hai thuat toan hay duogc dung
trong phuong phap udc luong tron cb
dinh khoang thoi gian ndi bd (fixed-
interval), d6 1a: (1) phép udc luong tron
hai chiéu (TFS); va (2) phép udc luong
tron Rauch-Tung-Striebel (RTS).
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2. N¢i dung nghién ciru
2.1. Uéc lwong tron hai chiéu (TFS)

Udc lugng tron hai chiéu don gian
1a sy két hop cua chiéu thuan (Fk) va
chiéu dao (Bk) cua bai toan loc Kalman.
Nhu mo ta trong Hinh 1, Fk cho 161 giai
uéc luong tir trude dén thoi diém ¢,
va Bk cho 101 giai udc lugng tir sau trd
vé thoi diém ¢,. Loi giai cua phép ude
luong hai chiéu dugc tinh 1a tri trung
binh trong sé cua Fk va Bk nhu trong
cac cong thuc (1) va (2).

Rse = Pse(Ppx  Rpp + Ppx  Rpi) (1)

-1 -1
Psp = (P + Pg )7* 2)

Va theo so d0 biéu dién duéi day
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Hinh 1: So d6 ciia phép wéc luong tron TFS

Trong do: Xgx 1a gia tri woc lugng
trung binh; Xz, va X5 1a gia tri uoc lugng
chi€u di va chi€u vé tai thoi diém t,.

P, lé’tr(_)ng sO trung binh; P‘Fk Vé} P,
la trong so theo chiéu di va chiéu ve tai
thoi diém t_cua gia tri w6e luong.

2.2. Phép woc lugng tron Rauch-
Tung-Striebel (RTS)

Mo hinh toan hoc cua phép udc
lugng tron RTS duogc xay dung dua trén
mo hinh sai s6 cua hé thong INS theo
[6] c6 dang nhu sau:

e = Pr ke Tk 3)
Zk =Hkxk+vk 4)
Trong do:

x = [6r 6v 8Y]8,; 14 véc to trang
thai, n6 bao gém céc thanh phan: sai s6
vi tri, van tc va hudng xoay, cac sai s6
hé théng cta cam bién gia téc va con
quay hoi chuyén

D, ,,1a ma tran tiqh chuyén trang
thai tr thoi diém k- 1 dén £,

w la nhiu cua hé thong.

z, 1a véc to tri do tai thoi diém &

H lamatran h¢ s6 biéu dién mdi quan
h¢ gitra tri do ho trg va véc to trang thai,

~ v, lanhiéu cua tri do ho tro tai thoi
diém k.

w, va v, la cac véc to doc lap, tuén
theo luat phan bo Gauss, voi ky vong
bang khong va cac phuong sai nhu sau:

COV(Wj,Wk) = QkBJk (5)
cov(v;,v)=R3 (6)
cov(w ,,v,) =0 (7

Theo [8] phép udc luong tron
RTS smoother dua ra phuong phap uéc
luong toi wu dya trén 1y thuyét tim xéac
suit cuc dai cta véc to trang thai:

maxL(x,,x,., |z, ) = maxlogP(x,,x,,, |z,) (8)

~ Trong d6: L(x,,x,,]z,) 1a xdc
suat cyc dai cua x, x,, , cho boiz,

Pé dat duoc tiéu chuan (8), cac
budc dé thyc hién viée tinh todn bao
gbm hai qua trinh: u6c luong thuin va
udc luong dao.

2.2.1. Ubc luong thudn

Ubc luong thuan thue € 13 sir dung
phép loc Kalman tiéu chuan (KF). Viéc udc
luong duoc bt du tir ban ghi dir lidu dau
tién va tun ty cho dén ban ghi cudi ciing.

Dua vao mo hinh toan hoc hé théng
trong cong thtc (1), Véc to trang thai
va ma tran hi¢p phuong sai twrong ing &
thoi diém & duoc wée tinh dua trén cac
tham s6 d6 ¢ thoi diém (k-7) nhu sau:
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Y =P ¥k )

P p ol

= Praia @ S (10)

Khi ¢6 cac tri do hd trg, véc to
trang thai va ma trdn hiép phuong sai
duoc cap nhat dua theo cong thirc sau:

S =¥ K (7 -HE ) (12)
B =l ~ KTy (13)
Trong d6 K, dugc tinh nhu sau:
1
T[4y pepfT
K, =PH] [HkPk Hl +Rk] (14)

‘ O day: xk—l’Pk—l’ k,Pk s xk’Pk
lan Iuot 1a véc to trang thai va ma tran
hiép phuong sai tai thoi diém k-1, va
duoc cap nhat lai tai thoi diém k

2.2.2. Udc luong dao

Trong uwdc luong dao, viéc udc
luong dugc bat dau tir ban ghi dit lidu
cudi cung va tuan ty cho dén ban ghi dau
tién, trong d6 sir dung nhiing 101 giai da
duogc tinh toan tr phép ude lugng thuan.

Theo [8], véc to trang thai va ma
tran hi€ép phuong sai dugc xac dinh theo
cac cong thuc sau:

v =kt G [xk+1|N - q)(k+1;k)xk/k} (15)

_ ‘ 1
C = Feik® (1) e/ (16)

Trong d6: Xk4+1> Perrx 1a véc to
trang thai va ma trn hi¢p phuong sai tai
thoi diém k+1 véi cac tri do dén N (k <
N); Ri/k va Pk 1a vée to trang thai va ma
tran hiép phuong sai dugc udc lugng boi
KF tai k; Px+1.x 1a ma trin tinh chuyén
trang thai tir thoi diém k dén k+1,

So d6 cua phép uée luong tron RTS
¢ thé dwoc md ta boi Hinh 2
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Saisf| meeesmeees phép loc Kalman (KF)
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Hinh 2: So dé ciia phép wéc lwong
tron RTS

3. Thuc nghiém

Dit liéu dé thyc hién cho céc thuat
toan trén dwoc tién hanh thu thap tai
khu vuc Khu do6 thi méi Xuan Phuong,
Quéan Nam Tu Liém, TP. Ha Noi (Hinh
3a). Thiét bj duogc tac gia sir dung cho
cong tac thu thap dir 1iéu 1 hé thong tich
hop INS/GPS nhu Hinh 3b.

Al
o PO Cang
- TH| CAM
VAN CANH a

AN TRAI a XUAN PHUON!

TOL,DAN PHO 7

= mn Phuang

Q Xuan Phuaong Viglacer:
KHU DO THI 4
BAlI HOC
VAN CANH Q
Trurang dao tao

Cong ty ca phan
xay dungaa thuong,

Hinh 3: (a) Khu vuc thir nghiém (khoanh
dé) va (b) hé thong INS/GPS

Tap chi Khoa hoc Tai nguyén va Méi truong - S6 20 - nam 2018



Nghién cuu

Dudi day 1a két qua xtr 1y s6 liéu tich hgp INS/GPS bang thuat todn udc luong
tron RTS va TFS so vo1 dir 1iéu do GPS - RTK.
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Hinh 4: Puong di ciia h¢ théng khi siv dung 2 phwong phdp wéc lwong RTS va TFS
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Hinh 5: Két qua so sai sai so vi tri cua 2

phitong phdp RTS vi TFS Hinh 7: Két qud so sai sai sé6 hwéng ciia 2

phwong phap RTS va TFS

Brigrs - o X
b L ! Va két qua danh gia do chinh xac

o —o | veé vi tri, van toc va phuong hudng gitra

A | TFS va RTS thé hién & Bang 1 dudi day.
, Bdng 1. So sanh d¢ chinh xdac gita TFS

Y e va RTS

—_________ RMSE TFS RTS
a1 am— East (m) 0.543 0.499
RREEY ¥ % 2L L North (m) 0.230 0.215
gt o Up (m) 0.031 0.038
J 3D (m) 0.590 0.545

Mirc cdi thién(%) - 8

Hinh 6: Két qua so sai sai s6 vin toc ciia Vx (m/s) 0.065 0.059
2 phwong phdp RTS va TFS Vy (m/s) 0.031 0.032
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Vz (m/s) 0.003 0.003
3D (m/s) 0.072 0.067
Muic cai thién(%) - 7
Roll (°) 0.045 0.043
Pitch (°) 0.091 0.061
Heading (°) 0.211 0.168
3D (°) 0.234 0.184
M céi thién(%) - 21

Tir két qua phan tich so sanh giira
phuong phap udc lugng hai chiéu TFS
va udc luong tron RTS ta thay rang giai
phap RTS cho d¢ chinh xac tot hon, ca
vé vi tri, van téc va phuong hudng so
voi phuong phap TFS.

5. Két luén

Bai bdo da trinh bay viéc thu thap
dir liéu va tinh toan thuc nghiém dé
danh giad va so sanh tinh hiéu qua cua
cac phuong phdp udc udc lugng tron
dbi voi hé théng dinh vi - dinh hudng
tich hop INS/GPS. D@t li¢u thu thap
dugc da duoc xtr Iy bang phuong phap
wéc lugng hai chiéu (TFS) va phuong
phép udc lugng tron RTS va dugc so
sénh véi dit liéu chuén do GPS - RTK.

Céc két qua thuc nghiém cho thiy
rang giai phap RTS cho do chinh xéc
t6t hon giai phap TFS, ca vé do chinh
xac vi tri, van tbc va phuong hudng.
Ly giai cho van dé & trén 1a do thuat
toan ctia RTS dua trén ly thuyét tim
xac suat cuc dai cua véc to trang thai
v6i cac thanh phan sai s cua hé théng,
trong mdt khoang thoi gian (k, k+1), bai
toan khong tinh tri trung binh trong s6
chiéu thuan (Fk) va chiéu dao (Bk) nhu
giai phap TFS &p dung. Chinh vi vay xtr
1y s liéu INS/GPS bang phwong phap
RTS cho d6 chinh xéc vi tri, van toc va
hudng cao hon, t6i wu hon phuong phap
TFS.
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