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TOM TAT:

Bai bao nay duwa ra gii phép céi tién gidi thuat hé théng dan dwong quan tinh tich hop
INS/GPS kiéu két hop 16ng st dung bé loc Kalman ép dung cho may bay mé hinh dwa trén
gidi thuat co sé& dwoc xay dung trong luén van cda Dwong Bach Phi (VPOSHK, DH Bach
Khoa). Muc tiéu nghién ctru chinh la xac dinh céac han ché cda gidi thuat co sé& va céi tién dé
wéc lwong vi tri, véan téc va géc nghiéng ctiia méy bay &p dung cho truong hop bay thuc
nghiém. Viéc dénh gia sai sé cla céc thiét bi do GPS va IMU ciing nhw nhitng khdc phuc mét
s han ché cua giai thuat co sé& khi 4p dung cho truong hop bay thuc nghiém duoc tap trung
phan tich. Két qua so sénh sai sb vi tri va viéc mé phdng trén qui dao dao bay & téc do cao
ching té gidi thuat dadn duong duoc dénh gid khach quan va cé thé &p dung cho céc (ng
dung dinh vi va dan duong may bay mé hinh, trong trurong hop tin hiéu GPS bj mét do nhiéu

hodc cac nguyén nhéan khac.

Tor khéa: INS gia thanh thép, GPS, tich hop GPS/INS, bé loc Kalman vong hé.

1. GIOI THIEU

Ngay nay, hé thong dinh vi va dan duong da
dat duge d6 chinh x4c rat cao, nhd sy tién bd cua
khoa hoc k¥ thuat dac biét trong linh vuc diéu
khién ty dong. Trong linh vuc hang khong, hé
théng dinh vi dan duong dugc xem la diéu bat
budc phai cé trén may bay. Hién nay, may bay
khong ngudi lai (UAV) phat trién manh mé, dwoc
mg dung rong rai trong nhiéu linh vyc: nghién
ctu, do tham, tuan tra...boi su tién dung ctia nod
han ché rui ro cho tinh mang con ngudi. Mot
trong nhitng bd phan quan trong nhat ciia may
bay khong nguoi 1ai 1a hé théng didu khién tu
dong tir tram mat dét theo quy dao mong mudn.

Thong thuong, viéc bao dam quy dao cua
may bay tir hé théng diéu khién do thiét bi dinh
vi toan cau (GPS, Global Positioning System)
dam nhan. Tuy nhién, tin hi€u GPS lai phu thude
kha nhiéu dia hinh hoat dong ciia may bay, tin
hiéu c6 thé bi mét khi bay qua nhitng tan ciy,
trong nha, ving nui, gan nhimg tda nha cao... Do
do, viéc su dung hé théng dan duong quan tinh
(INS, Inertial Navigation System) khong bi anh
hudng cua dia hinh 1a mdt giai phap trong nhiing
tinh hudng mat tin hiéu GPS. Nhung, thiét bj INS
lai c6 han ché vi sai s6 cua cam bién va sai sb tay
liiy theo thoi gian trong qua trinh l4y tich phan.
Do d6, hé théng INS thudng sir dung v6i cac hé
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thong hd tro khac. Thong thuong nguoi ta su
dung hé thong INS tich hop véi hé thong dinh vi
toan cdu GPS. Bo loc Kalman duoc dwa vao
nhim nang cao d6 chinh xac ciia hé thong dan
duong tich hop INS/GPS.

Hé théng dinh vi din duong sir dung céc
thiét bi GPS, thiét bi do ludng quan tinh (IMU,
Inertial Measurement Unit) dat tién cho kha ning
xac dinh vi tri chinh xac cao c6 gia trén 100.000$
[1], dugc sir dung chu yéu trong linh vuc quin
su, thwong mai. Bén canh d6 viéc str dung ciing
han ché do nhitng qui dinh ctia nha nudc. Khi ap
dung cho viéc nghiém ctru, hoc tap thi khong phu
hop vé mit kinh té. Nhu vay, dé tai huéng toi
viéc phat trién thuat toan nham nang cao do
chinh xac cho hé théng dinh vi dan duong tich
hop INS/GPS voi bd loc Kalman khi st dung
thiét bi GPS va IMU chi phi thip. Tir d6 cung
cép ngd vao cho hé thong diéu khién ty dong cua
may bay khong nguoi 1ai, bao dam quy dao bay
khi tin hi¢u GPS bi gian doan.

Két qua thu duoc ciia Duong Bach Phi [2] da
xay dung dugc giai thuat cua hé thong dan duong
tich hgp INS/GPS véi bo loc Kalman vong ho
nhiam xac dinh vi tri dya vao thdng tin van téc vi
tri ban dau tir GPS va thong tin gia toc, van toc
géc tir IMU, khi tin hiéu GPS bi mit. Tuy nhién,
ludn van chi méi 4p dung cho truong hop di
chuyén bang xe may trén mat phiang ngang, bo
qua cao d¢. Do giai thuat con nhiéu han ché nhu:
van téc 1én xuéng bing khong, chua xu ly

r" =¢"+or"
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nhiéu... nén khi ap dung cho truong hop thuc
nghiém trén moé hinh may bay canh bang cho két
qua sai 6 vi tri lon.

2. HE THONG GPS/INS KET HQP BQ LQC
KALMAN

Phan nay trudc tién trinh bay mé hinh B6 loc
Kalman dwoc 4p dung cho bai toan dan duong
tich hop GPS/INS. Bo loc Kalman (theo Hinh 1)
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sau d6 cap nhat lai theo cac cong thirc bén duéi
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Hinh 1. C4u trac ciia hé théng din duong tich hop
GPS/INS v6 bd loc Kalman vong hé [3]
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Hinh 2. M6 hinh phin cttng GPS/IMU
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w, =7.2921158x10° rad/s 1 van toc xoay clia

trai dAt theo hé toa do trai dat.

Dit liéu dau vao cua hé théng dan duong la

b

vector van toc goc wy, va gia toc thu duoc tir

IMU, van téc V". Tan s6 ldy mau cia GPS 14 0.1
sva cua INS 14 0.01 s. Nhu vay 10 dit li¢u INS s&
c¢6 mot dir liéu GPS. Trong trudong hop tin hi¢u
GPS bi mat ta dua vao thong tin van tde dé dua
va hé thdng dan duong GPS/INS nhim x4c dinh

tin vi tri. Boi vi hé théng dan duong quéan tinh

kiéu Strapdown c6 thoi gian 14y miu cao do d6

phuong trinh phwong sai cua hé thong c6 thé viét
i1 = Py + W

dudi dang sau: .
Yk = HicXie + V¢

Ma tran

chuyén trang thai: Q = & ,GQG'®; At. Trong

A 2 2 2 2 2 2
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0 o0
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clia gia toc va van toc goc.
Ra ma trin sai sé cia nhidu do:
; 2 2 2 2 2 2
R =diag(c, o\ o oy 0w 0y),
phuong trinh quan sat: z, = H, X, +€,
(M +h)(ins — Peps)
(N +h)cose(Ans — Acps)

Theo d0, khi cé tin hiéu GPS thi R, nho, con
khi mét tin hiéu GPS thi Ry 16n. Qy 13 nhidu hé
thdng khong thé xac dinh dugc, dé xac dinh Qy
can tién hanh chay thir bang thuc nghiém néu
thiy két qua c6 thé chap nhan dugc thi xac dinh
gia tri d6. DP6i v6i hé théng chuyén dong nhanh

can xac dinh Qy 16n.

3. MO HINH PHAN CUNG VA SAI SO
THIET BI

3.1. Thiét bi GPS va IMU
Str dung thiét bj thu GPS LS20031 cua hing

voi g = he —h va R
INS " 'GPS Locosys Technology Inc c6 sai s6 vi tri nho hon
Viks — Vps 10m (thong s6 nha san xuét) ding dé nhan tin
hiéu GPS. Thiét bi IMU ADIS16407 cua Analog
(M +h) 0 0 Devices Inc dwoc sit dung dé thu thap dit lidu
H, = 0 (N-+hjcose 0| 0g5 | 03,3 INS bao gdm cac goc Euler, 3 van tc goc, 3 gia
0 0 1 téc dai. Hinh 2 thé hién mé hinh phan ctimg GPS
03,3 | I3 | 03,3 va IMU. Céac thong ) k¥ thuat cua IMU dugc thé
hién trong Bang 1.
Bang 1. Thong s6 IMU ADIS16407
Parameters Quantity Unit
GYROSCOPES
Sensitivity 0.05 °/sec/LSB
Output noise 0.8 °/sec rms
In-Run Bias 25 °fhr
ACCELEROMETERS
Sensitivity 3.33 mg/LSB
Output noise 15 mg rms
In-Run Bias 0.1 mg
MAGNETOMETERS
Sensitivity 0.5 mgauss/LSB
QOutput noise 1.15 mgauss

3.2. Panh gi4 sai s6 thiét bi GPS va IMU

Trong phan nay, d¢ chinh x4c v€ vi tri cua

thiét bj GPS duoc danh gia bang cach so sanh sai
s6 vi tri cua tin hiéu GPS véi tin hiéu nhan duoc

tir bd RTK (Real Time Kinematic) c6 sai s6 vi tri

nhé hon 0.5m. Hinh 4 thé hién quy dao chuyén

A5 va san trude thu vién Pai hoc Bach Khoa,

dong trong truong hgp di vong quanh san banh
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Pai hoc Qudc gia Tp. HCM. Puong mau xanh,
mau d6 lan lugt hién thi quy dao chuyén dong
trong mat phang Pong-Bic (East-North) ciia thiét
bi GPS va RTK. Bén canh, sir dung ban xoay cé
cam bién dém xung (Encoder) ¢ hinh 3 dé xac
dinh dugc chinh xac goc xoay, tr d6 danh gia
duoc dd chinh xac cua cac goc Euler udc lugng
ctia thiét bi IMU. Hinh 5 thé hién sai s6 giita cac

goc Euler tir giai thuat ude luong va tir cam bién.
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Hinh 4. Qu¥ dao chuyén dong quanh san banh A5
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Hinh 5. Sai sb cac goc Euler udc lugng so véi goc suy

Estimation error(degree)

tr encoder

Thiét bi GPS ¢6 sai s6 1a 3 m voi diéu kién
van toc trén 40 km/h (> 10 m/s) theo sai s cua
nha san xuit [4]. Vi vy khi di bd c¢6 van tdc
thip, dua vao do thi sai sd giita GPS va RTK
trong ca hai truong hop di quanh san banh A5 va
san truge thu vién, sai s6 trung binh cua thiét bi
GPS khoang 10 m. D6 thi sai sb ciia cic goc
Euler (roll, pitch, yaw) trong ca hai truong hop
¢6 sai sO 16n nhat 1a nhé hon 2 d6 va sai sb trung
binh 14 khoang 0.5 do. Dya vao cac két qua trén
ta nhan thdy rang, cac goc Euler dugc wdc luong
tir thiét bi IMU tuong dbi chinh xac va dang tin

cdy.

Nhitng phan tich trén hd trg cho viée thiét ké
chu trac giai thuat dan duong tich hop INS/GPS
voi bo loc kalman vong hd. Dya vao viéc danh
gi4 sai s6 vi tri, néu giai thuat ciia hé thong dan
duong tich hgp INS/GPS cho két qua sai s6 vi tri
dudi 10 m thi c6 thé chip nhan duoc két qua do
thiét bi str dung khong dit tién.

4. KET QUA THUC NGHIEM
4.1. Mot sb han ché ciaa giai thuat co sé

Thir nhét, dit liéu GPS chua cung cip du
thong tin van tc 1én xudng (VD ) nén giai thuat
ctia hé thdng din duong tich hop INS/GPS vdi bd
loc Kalman vong ho ban dau cho van tdc 1én
xudng VD = 0, diéu nay dan dén cao do trong
khoang mat tin hiéu GPS suy ra tir giai thuét c6
thé khong dbi thé hién rd trong hinh 9, hinh 10.
Hudng dé sudt 1a dua cam bién ap sudt dé xac
dinh gia tri 4§ cao tir d6 suy ra van tbc VD. Tuy
nhién, két qua nhan dugc tir cam bién ap suat bi
anh hudng 16n béi moi trudng, nhiét do, ap suit
dong co... nén khi ap dung khong thé suy ra quan
hé giita ap suat va cao do nhu 1y thuyét cao do
tang 4p sudt giam, can kiém tra lai cam bién sau
hodc thay méi. Huéng giai quyét duoc dé suat 1a
sir dung thong tin cao do tir thiét bi GPS dé xac
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dinh véan téc VD trong hai khoang thoi gian c6
tin hiéu GPS.

Thir hai, giai thuat hé théng dan duong tich
hop INS/GPS vé6i Kalman vong hé st dung
thong tin goc yaw dé xac dinh van toc ban dau
trong trudng hop mat tin hiéu GPS lau, nhung sy
chénh 1éch ciia goc yaw va goc hudng van tbe
luén thay doi thé hién trong hinh 7, nén khi ap
dung sé& cho két qua khong tét, c6 thé lam nguoc

hudng chuyén dong khi ta sir dung thong tin goc

yaw dé suy ra van toc trong truong hop mat tin
hiéu GPS. Huéng giai quyét hién tai 1a st dung
van tdc ban diu suy ra tir giai thuat cua hé théng
dan duong tich hgp INS/GPS véi Kalman vong
hé cai tién.
4.2. Két qua cai tién giai thuat din dwong

St dung may bay md hinh c6 gin hé théng
GPS/INS dé thu thap dir liéu, két qua qui dao
theo phuong ngang dugc thé hién trén Google
Earth thé hién trong hinh 7.

YAW vs COURSE OVER GROUND

500 T T T

T T T T
+ Course ’
+ Yaw

Google earth

Hinh 7. Quy dao chuyén déng ciia mo hinh bay hién thi bing Google Earth
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Hinh 9. Kinh d9, vi d6, cao d6 ctia GPS va két qua tir giai thuat dan duong cai tién (GTCT)

Céch trién khai 1a tién hanh x6a mot s6 doan
dir lidu bét ki img véi cac thoi gian dai ngén khac
nhau trong mét doan dir liéu ngén dugc 14y ra tir
dir lidu bay, sau d6 dung giai thuat dan duong
INS/GPS dé suy ra vi tri trong khoang mét tinh
hiéu GPS. Sau khi xac dinh duoc vi tri tir giai
thuat din duong INS/GPS tién hanh so sanh vi tri
nay voi vi tri tir GPS va danh gia. Tién hanh x6a
ba doan tin hi€u trong nhitng khoang thoi gian
2s, 55 va 10s. Puong mau xanh thé hién vi tri suy
ra tlr gidi thuat dan duong INS/GPS, dudng mau

do 1a quy dao cua tur tin hi¢u GPS (theo Hinh 9).
Sai s6 phuong ngang va sai sé cao do giita INS
va GPS trong doan mat tin hieu GPS 25,55, 10's
clia gidi thuat dan dudng co s va giai thuat cai
tién 1an luot 1a 10.8789 m, 0.3391 m; 59.1315 m,
5.1251 m; 49.6676 m, 3.4351 m va 1.0008 m,
0.2482 m; 16.5171 m, 4.4061 m; 19.5352 m,
2.6857 m thé hién trong bang 2.
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4.3. Giai phap dé xuat

Ngay nay, c6 rat nhiéu thiét bi co thé xac
dinh van toc cua vat thé chuyén dong nén ta sé
giir lai van toc thay twong duong cho trudong hop
Kkét hop thém cac cam bién van téc hd tro cho
viéc xac dinh vi tri khi tin hiéu GPS tam thoi bi
mat. Trong phﬁn nay, tién hanh xoa tin hiéu vi tri
ctia GPS nhung giir lai tin hi¢u van téc dé gia su
céc van toc thu dugc tir cam bién. Ap dung cho
truong hop thuc nghiém bang may bay mo hinh
nhoém nghién ctru thu dugc cac két qua nhu Hinh
10. C6 thé nhan thiy rang, & nhing vi tri danh
dau khoanh tron, trong nhitng doan bi mit tin
hiéu (doan mau xanh bi mét), vi tri cudi cua doan
mau d6 so vdi vi tri xudt hién dau tién cta doan
mau xanh chénh 1éch khong nhiéu diéu nay dan
dén sai s6 vi tri ciia hé thong din duong quan
tinh tich hop INS/GPS véi bo loc Kalman két

hop thém cam bién van tdc nho hon nhiéu so véi
Céc giai thuat trude. D6i véi truong hop bay thuc
nghiém 1an mét sai sé phwong ngang va sai sb
cao d trong ba doan mat tin hiéu GPS 2 s, 5 s,
10 s lan Iwot 1a 0.2538 m, 0.1265 m; 5.5810 m,
0.1554 m; 1.1676 m, 0.1115 m (theo Bang 2).

Nhu vy, giai thuat din duong cai tién di co
ban khéc phuc dugc nhitng han ché cua giai thuat
dan duong co s¢ duge xdy dung trong luan vin
cua Duong Bach Phi nang cao d¢ bam qui dao
ctia cho hé thong trong trudng hop tin hiéu GPS
bi mét. Bén canh, két qua sai sé cua giai phap két
hop cam bién van tbc trong Bang 2 cho phép mot
hudng phat trién méi nhim nang cao tdi da do
bam qui dao va do an toan ding hudng chuyén

dong cho phuong ti¢n.

Bang 2. Két qua sai s6 vi tri ctia cac hé thdng dan dudng tich hop
GPS/INS véi Kalman vong ho

Sai sb (m) GTCS GTCT | GTCT-VT
Thoi gian mét Phwong 10.8789 1.0008 0.2538
tinh hiéu GPS | o4 ngang
S
©) Cao do 0.3391 0.2482 0.1265
Phwong 59.1315 | 16.5171 5.5810
5s ngang
Cao do 5.1251 4.4061 0.1554
Phwong 49.6676 | 19.5352 1.1676
10s ngang
Cao do 3.4351 2.6857 0.1115
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Hinh 10. Kinh db, vi d6, cao d6 ciia GPS va két qua tir giai thudt cai tién
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5. KET LUAN

Trong bai bo, viéc danh gia sai sb thiét bi
GPS va sai s6 cac goc Euler cua thiét bi IMU,
nhim muc dich xac dinh do tin cay cua dir liéu
dau vao hé thong din duodng tich hop INS/GPS
v6i bo loc Kalman. Cai tién giai thuat INS/GPS
khéc phuc dugec mot s6 han ché cua giai thuat ban
déu khi 4p dung cho trudng hop thue nghiém trén
mo hinh bay canh bing dung dong co dién, giam

thiéu sai s6 va tang d6 bam quy dao.

Ttr nhitng két qua dat dwoc va nhitng han ché
nhém téc gia dé nghi mot sé6 hudng phat trién
nhu: xay dyng thém hai bg loc Kalman cho IMU
va GPS dé loai bo dit liéu bi nhiéu dam bao dir
lidu t6t khi dua vao hé théng INS/GPS tinh toan;
sir dung cam bién van téc dé xéc dinh van tdc vat
thé hd trg tang d¢ chinh xac cho hé théng dan
duong INS/GPS trong truong hop mat tin hiéu
GPS, xay dung bd loc Kalman vong kin hodc bd
loc Kalman két hop va kin cho giai thuat ctia hé
thong dan duong tich hgp INS/GPS. Pong thoi,

ap dung mot s phuong phap nang cao d6 chinh

xac dugc d& cap trong chuong 4 luan vian cua
Eun-Hwan Shin [1] nhu “velocity matching
alignment technique, and the non-holonomic
constraints” (tam dich 1a k¥ thuat chinh phu hgp
va nhitng han ché khong holonomic). Cudi cung,
sir dung két qua dau ra cua hé théng dan duong
quan tinh tich hop INS/GPS véi bd loc Kalman
1am ngd vao cho hé thong diéu khién tu dong dan
duong cho UAV.

Bai viét nay cung véi cac két qua nghién ciru
[2] 1a phin chudn bi cho bao céo cua dé tai
nghién ciru “Nghién ctru, xay dung hé théng din
duong tich hop GPS/INS cho may bay khong
ngudi 14i” duge tai trg boi Pai hoc Quéc gia
Thanh phdé H6 Chi Minh (VNU-HCM) trong
khudn khé dé tai ma s6 C2014-20-03.

Loi cam on: Cong trinh duogc thuc hién tai
Phong thi nghiém trong diém Diéu khién sé va
K§ Thuat Hé théng, Trudng Pai Hoc Béach Khoa,
DHQG-HCM, thong qua d& tai nghién cau cép
PHQG loai C nam 2014.
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ABSTRACT:

Navigation is a field of study that focuses on the process of monitoring and controlling the
movement of a craft or vehicle from one place to another. Among the means of transport in
road, waterway and airway, the maritime industry and the aviation are two industries which
require the high accuracy navigation systems. Nowadays, with the development of technology,
especially the support of satellite, the determination of the position is not too difficult. This
paper presents the integration of GPS and INS to build a navigation system for RC aircraft.
First, the mechanization INS is built to process data from the equipment. Then, the Kalman
Filter is used to estimate the unknown parameters which are referred to as system state
vector. Last, the algorithm is applied to analyze the data collected from the flight test with
aircraft model.

Keywords: Low cost INS, GPS, GPS/INS integration, Kalman filter
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