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Hé thong dinh vi - dan du'o'ng tich hop gzu'a hé théng dan du'o'ng Vvé tinh
(1 GNSS] va ddn dwong qudn tinh (INS] ngay nay duoc st dung réng rdi cho
. : cdc tng dung dinh vi ddn dwong va hé thong thanh Idp bdn do di déng
bang online 28/02/2017 (Moblle Mapplng System [MMS)] nham xdc dinh mét cdch lién tuc cdc tham
Tir khéa: sévévitriva phu'o'ng ero'ng cua hé thong mang. Vi kich thwée nhé, nhe va
INS gid thanh thdp, cdc cdm bién quan tinh vi co [MEMS IMU) dang la xu huréng
GNSS trong cdc nghlen ctvu va dworc st dung cho cdc u'ng dung thuc té Tuy nhién,
NHC cdc nghién ctru lién 1quan dd chi ra rdng do chinh xdc cia cdc hé thong co st

o dung MEMS IMU van con thdp, ddc biét la trong nhu'ng diéu kién moi tru'o'ng
Dinh vi ma tin hiéu GNSS bi nhiéu, khudt. Dé khdc phuc van dé  nay, nghién citu nay
Dan dwong gidi thiéu viéc dp dung diéu kién rang buéc “Vén téc khong -NHC (Non-
Holonomic Constraint)” déi véi cdc hwéng vudng géc voi hwong di chuyén
nhdm nang cao dg chinh xdc ctia hé thong dan du'o'ng tich hop INS/GNSS
Hiéu qud ctia phu'ong phdp dd dwoc lam ré & phdn thie nghiém va phan tich
két qud ctia bai bdo, trong dé mikc cdi thién cua hé théng INS/GNSS véi NHC
so vai khéng dp dung NHC la tir 40-60% vé dd chinh xdc vi tri va tw thé.
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(MMS)) nham xac dinh mot cach lién tuc cac tham

1. Mé& dau

Hé théng dinh vi - dAn duwong tich hop gitra hé
théng dan dwong vé tinh (GNSS) va dan dwong
quan tinh (INS) ngay nay dwoc str dung rong rai
cho cac g dung dinh vi din dwong va hé théng
thanh 14p ban d6 di dé6ng (Mobile Mapping System

“Tdc gid lién hé
E-mail: duongthanhtrung@humg.edu.vn

sO vé vi tri va phwong hwéng cda hé théng mang
(Niuetal,, 2007; Chiang etal.,, 2013). Tuy vay, thuc
té thiy rang dé ddm bao dd chinh xac dinh vi, dinh
hwéng clia hdu hét cic ing dung trong thuec té, gia
thanh cho mot hé thong tich hgp GNSS/INS hién
nay van con kha cao (tir vai chuc dén vai trim
ngan do la My/bd), do vay viéc nghién clru, st
dung cac hé théng ndy van con rat han ché & Viét
Nam. Ngwoc lai, cic hé thong tich hop st dung
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nhirng thiét bi gia thap (Tt vai tram dén vai nghin
d6 la My /bd) thi do chinh x4c van chwa du tin ciy
cho cac trng dung dinh vi - din dwong, MMS va cac
trng dung cho tric dia, ban dd khéc, dic biét 1a
trong diéu kién moi trrong tin hiéu vé tinh bi che
khuit nhw trong do thi hay & khu viee dwong ham.
Do vay d€ cai thién do chinh x4c dinh vi, dinh
hwéng cho cac hé thdng dinh vi tich hop GNSS/INS
st dung cac thiét bi gia thanh thap (c6 thé chip
nhan duogc trong diéu kién Viét Nam) ma do chinh
x4c van c6 thé ddm bao cho cac tng dung dinh vi
dan dwdong va MMS phé bién 1a mot van dé cip
thiét (Nguyén Van Thang, va nnk,2012).

Viéc ning cao do chinh xac ctia hé thong tich
hop GNSS/INS, c6 thé tich hop thém cac cdm bién
nhu tich hop thém may do van téc nhw da dwoc
gidi thiéu trong nghién ctru (Niu et al,, 2007), hoac
bing cac phép kiém dinh trong phong thi nghiém
dé xac dinh va gidm bt cac nguon sai s6 hé thong
nhw trong tai liéu (Lwu Manh Ha va nnk, 2007;
Tran Trung Chuyén va nnk, 2016). Tuy nhién, tich
hop thém cac cdm bién hay kiém dinh v&i cic thiét
bi chuyén dung sé lam tang gia thanh chung ctia hé
thong. Vi vy, nghién ctru nay sé tip trung nghién
clu cac diéu kién rang budc giai tich “Van toc
khong” doi véi cac hwdng vudng goc véi hudng di
chuyén dé nang cao do chinh xac cta cac hé thong
dinh vi - dan dwdng tich hop. Noi dung bai bao nay
trwdc hét sé gidi thiéu vé nguyén ly tich hop
GNSS/INS véi Non-Holonomic Constraint (NHC).
Tiép d6 la mé hinh todn hoc va x ly so liéu véi
phép loc Kalman. Phan cudi 1a tinh toan thuc
nghiém va két luan.

2. Tich hop GNSS/INS véi NHC
2.1. Thiét ké hé théng tich hop
Vitri+dp

Vin téctdv
s Hwéngt+da

EKF

Vin téct+bv

GNSS

: IN
[: e

Hinh 1. Phwong phdp tich hop l6ng INS/GPS +
NHC

Trong nghién cttu nay, mot bd tich hop GNSS
va INS véi diéu kién NHC dwoc ap dung. Trong bo
tich hgp nay, may thu GNSS doc lap trong viéc xir
ly s6 liéu dé cung cip 1o giai vé vi tri va van toc.
INS v&i mot co ché xir 1y s6 liéu tir tin hiéu dau ra
ctia IMU sé cung cip cac thong tin vé vi tri, vin toc
va hwéng. NHC cung cdp cac diéu kién rang budc
vé van toc doi vdi cac hwdng vudng goc voi hwdng
di chuyén. Cac théng tin nay dwoc chuyén t&i bo
loc Kalman mé rong (EKF) nham wéc lwong tri xac
xuat nhit. Cau truc tich hop dwoc mo ta & Hinh 1.

2.2. biéu kién rang budc “Van téc khéng” déi voi
cdc hwéng vuéng géc voi hwong di chuyén
(Non - holonomic Constrain - NHC)

Dissanayake va cac tac gia (Dissanayake et al.,
2001) dé xuit mét diéu kién rang budc goi 1a non
- holonomic constraint (NHC) @€ ap dung d6i voi
cac g dung din dwong mat dit. Ban chat cda
phwong phap nay xuit phat tir hién twong thue té
rang ddi véi cac phwong tién mit dat trong diéu
kién van hanh théng thwong, cic vector van toc
theo hwéng vubng goc véi hwdng chuyén dong sé
c6 gia tri “kKhong”. Gia dinh nay sé tré thanh mot
diéu kién rang buéc cho cac rng dung dinh vi trén
mat dat. Déi véi cac phwong tién mat dat, trong
diéu kién binh thwong, cac thanh phan van toc
theo cac hwéng vudng goéc véi hwdng chuyén
chuyén dong (y va z) trong hé toa d6 vat thé sé
bang khong, nhw dwoc thé hién trong Phwong

trinh (1) va Hinh 2:
v, =0 )
"0 (1)

(' day ki hiéu (b) biéu thi hé toa d6 vat thé,
trong dé tdm la tam cua IMU, truc x trung véi
hwéng chuyén dong vé phia trudec, truc z hwéng
xudng phia dwéi (thwong triung véi hwdng cta véc
to gia téc trong trwdong), truc y vudng goc véi hai
truc con lai theo quy tic ban tay trai (Groves,
2008).

NHC 1a mot diéu kién rang budc giai tich,
khong can st dung cam bién phu. Do d6, n6 cé thé
dwoc 4p dung cho bat ky hé théng dan dwong tich
hop trén dat lién dé ting do chinh xac cia loi giai
dan duwong. Tuy vay dé phwong phap NHC phat
huy dwoc hiéu qua thi gia thiét rang phwong tién
mang khong nhay coc khoi mat dat, khong roi tw
do va khong trwot ngang phai dwoc théa méan
(Dissanayake et al., 2001).

o < o
I
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Hinh 2. Nguyén ly ctia diéu kién NHC

2.3. Xir ly sé'liéu voi EKF

Viéc wéc lwong 1a can thiét trong phép tich
hop INS/GPS+NHC dé cung cap cac thong tin dinh
vi, dinh hwéng tét nhit. Thuat toan wéc lwong
dwoc st dung rong rai nhit 1a phép loc EKF véi cor
ché tinh todn don gian, do tin ciy cao. D€ ap dung
phép loc EKF, trwdc hét can thiét 1ap cac mo6 hinh
toan hoc.

2.3.1. M6 hinh hé théng

M6 hinh hé thong dugc xay dwng dwa trén mo
hinh sai s6 INS, dang lién tuc theo thoi gian, theo
(Rogers, 2003) c6 dang

61" Fiq Fi5  Ozx3][0r™
[51-?71 =| Fu Fy, Fy3 5””]
Y 03x30  O3xz  Fs3 Y (2)

03><3 03><3 b
é

+ Cgl 03><3 |:5 fb ]

03><3 Clzl @ib

Trong do6 8¢, 6v°¢,va 1 1a dao ham theo thoi
gian cda sai s6 vi tri, vin tdc va hwéng trong hé toa
do6 vudng goc phang dia phwong, xem dinh nghia
chi tiét trong (Rogers, RM,, 2003); C}' 1a ma trdn
xoay tir b-frame sang n-frame; §f? va w?, 1a véc
tosai s6 lwc quy ddi va van téc goc, dau ra ciia IMU.

1 0 0
Fip =[-w@ X Fiz=(0 1 0];F; (3)
0 0 1

= [~(wer + 20f) X]

Fo3 = [f? X]; F33 = [—(0f, + 0})] (4)

__57/7k 0 0
Fpy=| 0  —g/% 0 (5)
0 0 —-29/(. + h)

Trong d6 £? 1a luc quy doi, g 1a gia toc trong
treong, wl, 1a véc to van téc quay cla vat thé
trong n-frame so véi trai dat, wy, la véc to van toc
quay cua trai dat so véi hé toa dé quan tinh, r. 1a
ban kinh ctia trai dat, h 1a do cao ellipsoid trai dat.

Céng thirc (2) c6 thé dwoc viét lai nhw sau:

x=Fx+ Gu (6)
Trong do6
ore Fiy Fi;  Osxs
x=|6v;F=|Fn Fp Fal|;G
Y Osxz  O3xs  Fi3
O3x3  Ozxs
) b
=| Gy Osxs ;u=[5fb]
Osxs CP Wip

Cong thikc (6) dwoc viét dwdi dang roi rac vé
thoi gian nhw sau:
X(ts1) = Aty tresr)x(tr) 7)

tk+1
+ DAty 41,7)G(T)W(T)dT
tk
Hay c6 thé viét tit dudi dang:
X1 = (Dk;k+lxk + W, (8)

Trong dé: x = [67 v 5y]l,, 1a véc to trang
théi, cac thanh phin ctia né bao gém sai sé vi tri,
van toc va hwdng xoay, cac sai s6 hé théng ctia cdm
bién gia t6c va con quay hoi chuyén.

®p.x+1 la ma tran tinh chuyén trang thai tir
thoi diém k dén k+1, va dugc xac dinh theo cong
thirc:

Dyrev1 = exp(F(t)At) = 1+ F(G) Aty (9)

wy, 12 nhiéu qua trinh cta hé théng, n6 c6 ky
vong bang khong va doc 1ap theo thoi gian, do vay
ma tran phwong sai clia nhiéu hé théng dwoc xay
dung dwa trén (Brown and Hwang, 1992,) cé
dang:

ewef1= (% [ ZF o

, i+k
Trong thuc té thi Qi thudng dwoc xac dinh
thong qua cac phép kiém dinh IMU.
2.3.2. M6 hinh tri do GNSS
Tri do GNSS la vi tri cia may thu trong hé toa

do6 dia tim (e-frame) dworc viét duwdi dang ham cia
véc to trang thai nhw sau:

e

OZnss ) = [rle - rGeNss] =HgussCoXe +7 (11)
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Trong do:

IINs Va rgnss 1a ky hiéu véc to vi tri dwoc
cung cap bai hé thong INS va GNSS

Heps =[l5s O] 12 ma tran hé s8, bidu
dién mdi lién hé gitra véc to tri do va véc to trang
thai.

CE 1a ma trdn chuyén doi tir hé toa do do
phang dia phwong sang hé toa d6 dia tAm.

7, : 12 nhiéu vé vi tri ctia GNSS, thuc t& dwoc
gan 1a do 1éch chuln vé vi tri cta 1o gidi GNSS.
2.3.3. M6 hinh tri do tri do NHC

Phwong trinh tri do cho EKF d6i véi NHC
dwoec thiét 1ap nhw sau:

Vi -0 &
oy Z[VE —O}: HNHCC:Xk +{€Vy} (12)
z \'74

Trong do6 :

vP,vP 1avan tdc theo chiéuy va z trong hé toa
do vat thé

CP 14 ma tran chuyén d6i tir hé toa do phing
dia phwong sang hé toa do vat thé

&, va &, lan lvot 1a nhiéu van téc lan luot

theo huéngyvaz

He = [02><4 P 02x3]
Phuong trinh (11) va (12) c6 thé viét dwéi
dang tong quat nhw sau:
z, =H.x +n, (13)

Trong d6: zk 1a véc to tri do, Hk 1a ma tran hé
s6 biéu dién méi quan hé giita tri do ho tro va véc
to trang thai, nk 1 nhiéu cda tri do hd tro tai thoi
diém k.

2.3.4. Tinh todn véi EKF

Dwa vao mo hinh toan hoc hé théng trong
cong thirc (8), Véc to trang thai va ma tran hiép
phuong sai twong (ng & thoi diém k dwoc wéc
tinh dwa trén cac tham sd do6 & thoi diém k-1.

X =Py 945

- T
Pe = Ppak Fea®Prak + (14)

Khi c6 céc tri do ho tro, véc to trang thai va
ma tran hiép phwong sai dwoc cdp nhat dya theo

cong thirc sau:

1
T T

K =R Hk [Hkpk Hy +Rk} (15)

% =%+ K, (z,-HZ) (16)

P =R -KHPR (17)

Trong dé: X, ,,P,_,, X, P, X, P, lanluotla

véc to trang thai va ma tran hiép phwong sai tai
thoi diém k-1, du dodn sai tai thoi diém k, cAp nhat
tai thoi diém k, R, 1a ma tran hiép phwong sai clia

nhiéu tri do.

3. Tinh toan thwc nghiém

Khoido | |-
[

Bu sai s0

!

Tinh toan co ché INS |«

!

Output

Hinh 3. Sor dd kh6i hé tich hop INS/GNSS+NHC

bé thir nghiém ly thuyét da trinh bay & cac
phan trén, mét mé dun phan mém dwoc lap dua
trén ngén ngit 14p trinh Matlab. So @6 khéi ctia mo
dun phan mém dwoc trinh bay & Hinh 3 va giao
dién ctia chwong trinh dwoc thiét ké nhw & Hinh 4.

Bo dit liéu dwoc thu thip véi hé théng tich
hop bao gbm cadm bién quan tinh vi co IMU ADS-
16405 (ADIS,M§) va may thu GNSS mét tin U-blox
EVK-6T (U-blox, Thuy si), dwoc phat trién bdi
nhom nghién ctru tai dai hoc Md-Dia chit. Tan s6
d4u ra cia IMU 1a 50Hz va tan s6 dau ra cia may
thu GNSS la 1Hz. Hinh anh hé thong dworc trinh
bay & Hinh 5.

Khu thr nghiém dworc tién hanh tai khu d6 thi
Resco, thudc huyén Bic Tir Liém, Ha Noi (Hanh
trinh tuyén thir nghiém dwgc thé hién & Hinh 6).

Hanh trinh chun dwoc 14y la dit liéu tich hop
INS v&i GNSS & ché d6 do twong d6i dong thoi gian
thwc bang may thu GNSS hai tin Trimble R7-GNSS
(M§). Dir liéu chudn dwoc xtr ly véi wée lwong tron
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i
B INS_GNSS integration with NHC EIEIQ

— INS

— Alignment

Format:

Data rate (Hz): 100

Start | S41518.001 End: 344789 211

Filename: | D-humgldetai_capboThuchien\ModuhasDl_ODO

Angle and velocity increments -

Posttion | From s
0
Velocity (m's): 0.05

0 0

r GNSS

Aftitude: | Analytic Coarse + Fine

Format: | position hd

Leverarm (m); 0

Filename: |D:\humg\detai_capbo\Thuchien\ModunADI_ODOM 0 o

Duration (s): 300

— IMU Performance

Use non-holonemic constraints  STD (m/s) 0.1

Output file: |D\humg\detai_capbotThuchien\MedubaDl_ ODON| | Browse

WRW: | 0.05

Process

Hinh 4. Giao dién mé dun chwong trinh

FIER

Bat dau Dirng

Mg

&

LRI RREINRAT

2
e
0
—
—
AT

Hinh 5. Hé théng tich hop INS/GNSS

(dwong miu xanh ciy). Hanh trinh thir nghiém 1a
hanh trinh bi cit b6t dit liéu GPS dé c6 tinh tao ra
nhitng doan khéng cé GPS véi cac khoang thoi
gian 1a 30 gidy va 60 gidy. Sau do tién hanh phan
tich cac trweong hop: khéng ap dung NHC va c6 ap
dung NHC. Két qua so sanh vé sai so vi tri va tw thé
dwoc thé hién & cac hinh 7, 8, va bang 1. Mirc cai
thién cia vé dé6 chinh xac ctia NHC
(RMSEs/cnss«nuc) SO vGi INS/GNSS thudn tay
(RMSEins/enss) duge xac dinh theo cdng thirc:

Mirc cai thién (%) = (18)
(RMSEns/cnss - RMSEins/cnss+NHC) /RMSEIns/Gnss*100

Két qua thr nghiém cho thiy rang, viéc ap
dung NHC gitp cai thién dang ké vé do chinh xac
dinh vi va tu thé, dac biét 1a trong nhirng khoang
thoi gian tin hiéu GPS bi mit, diéu nay c6 thé thay
rd & hinh 6. Vé théng ké tdng thé, NHC giup cai
thién d6 khoang tir 40-60% dd chinh xac vé vi tri
va tu thé so véi khong st dung NHC.
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LR e --m-.;:\

INS/GPS
INS/GPS+NHC

35@02.288 35§321.854 T nﬁ}S{g‘?ﬂ.:

Hinh 6. Tuyén thir nghiém thuc dia

Bdng 1. So sdnh sai s6 vi tri va tw thé

RMSE INS/GNSS INS/GNSS+NHC
Do chinh xac vi tri

East (m) 1.08 1.02
North (m) 0.76 0.28
Up (m) 1.35 0.49
3D (m) 1.89 1.17

Mikc cai thién(%) - 38

Do chinh xac vé tw thé

Roll (°) 0.16 0.06
Pitch (°) 0.47 0.43
Heading (°) 1.31 0.27
3D (°) 1.34 0.51

Mirc cai thién(%) - 62
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Saisovitn | TTT7T INS/GNSS
= 10 T T T T INS/GNSS+MNHC
= 0 D, —
ugj 10 1 w 1 1 1
0 200 400 600 800 1000 1200
E-‘ 5 T T T T T
—_E 0 WW — — A T —
2‘3 -5 1 [ 1 1 1
0 200 400 600 800 1000 1200
E 1[] T T T T T
% 0 e .-*--s‘:_;u.. r—— J— P e o _
@ 40 1 1 | 1 1
T
0 200 400 600 800 1000 1200
Thoi gian GPS(s), T0=355500
E 10
L5
E UI 1 1 1 1 1 |
@ 0 200 400 600 800 1000 1200
Thoi gian GPS(s), T0=355500
Hinh 7. So sdnh vé sai s6 vi tri
Saisotuthe | INS/GNSS
=9 , . , , INS/GMNSS+MNHC
= 0 ]
= 1 1 1 ] ] 1
oe 0 200 400 600 800 1000 1200
§ 1 T T T T T
= 1
8 4 h T 1 |
o 0 200 400 600 800 1000 1200
=
Lk
% 10 l_ ! a— g o ! !'_"----l'_"" s T oy '
= 0 |— e LEdl Py—— | [} p—— =l
E A0 1 | 1 1 1
2 0 200 400 600 800 1000 1200
Thoi gian GPS(s), T0=355500
= 10
5
E i ] 1 I ] 1 ]
Q@ 0 200 400 600 800 1000 1200

Thoi gian GPS{s). T0=355500

Hinh 8. So sdnh vé sai s6 tw thé

6. Két luin:

Bai bdo da gidi thiéu co sé ly thuyét cia hé
théng dan dwong tich hop INS/GPS véi diéu kién
diéu kién rang budc “Van téc khong” doéi véi cac
huéng vudng goc voi huwéng di chuyén, nham
nang cao do chinh xac ctia hé thdng dan dwong
tich hop INS/GPS st dung cam bién quan tinh vi
co IMU gia thap. M6 hinh todn hoc cho phép loc
Kalman da dwoc gi¢i thiéu va 4p dung vao xay
dung m6 dun phan mém thr nghiém. Ttr két qua
thuc nghiém va cac phép phan tich két qua cho

th4y rang v&i diéu kién rang budéc NHC, do chinh
xac vé vi tri va hwdng dwoc cai thién mét cach
dang ké so v&i hé théng INS/GPS thuén tay.

Do diéu kién rang buéc NHC ciing c6 nhirng
nhwoc diém nhw da dé cip & muc 2.2, khéng nén
ap dung NHC trong nhitng trwong hop ma gia
thiét rang budc ctia n6 bi pha v&, khi d6 NHC
khong nhitng khong lam cai thién ma con lam
gidm do chinh xac cia hé théng nhw trong truong
hop clia may bay 1én thang hay van hanh bang cau
thang may, hodc khi van hanh trong diéu kién
dwong xa tron trieot. Thém vao do, trong diéu kién
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tin hiéu GNSS tét, tri do cAp nhat tir GNSS sé cho
két qua tot hon NHC, do vay NHC chi nén dworc ap
dung trong diéu kién nhiéu hodc khut tin hiéu
GNSS.

Trong cac nghién ctru t&1i, Viéc cai thién thuat
toan wérc lwong cling sé tiép tuc dwoc nghién ciru
dé cai thién hon nira d6 chinh xac vé vi tri va
phuong hudng clia hé théng dan dwong tich hop
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ABSTRACT

Improving the Accuracy of the INS/GNSS Integrated Navigation
System with Non-Holonomic Constraint

Trung Thanh Duong !, Hung Minh Truong !, Chuyen Trung Tran 2, Duong Van Do 3

1 Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam
2 Faculty of Information Technology, Hanoi University of Mining and Geology, Vietnam
3 Faculty of Surveying and Mapping, Hanoi University of Natural Resources and Environment, Vietnam

The integration of Global Navigation Satellite System (GNSS) and Inertial Navigation System (INS) is
now widely used for navigation applications and Mobile Mapping System (MMS) to seamlessly
determining position, velocity and attitude of the mobile platform. With low cost, small size, ligh weight,
The Micro-Electro-Mechanical System (MEMS) IMU is now the trend in research and using for many
applications. However, researchs in the literature indicated that the performance of the low cost MEMS
IMU systems is still poor, particularly, in case of GNSS - noise and - denied environment. To overcome this
problem, this research apply an analytic contraint called Non-holonomic constraint in the data fusion
engine such as Extended Kalman Filter to improve the performance of the system. The benefit of the
proposed method will be demonstrated through experiments and data analysis.

Keywords: INS, GNSS, NHC, positioning, navigation, Kalman filter



