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NANG CAQ CHAT LWVONG HE THONG BINH VI DAN BUONG
TREN CO SO CAU TRUC GHEP CHAT INS/GPS
KET HOP VOI DO PHA SONG MANG VA DGPS

IMPROVEMENT OF THE NAVIGATION SYSTEM BASED ON INS/GPS TIGHTLY-COUPLED INTEGRATION

WITH THE USE OF CARRIER WAVE PHASES AND DGPS

TOM TAT

Trong nhitng nam gan day, cac giai phap tich hop INS/GPS dang dugc
nghién ciru mdt céch rong rai nhdm dép tmg doi hdi ngay cang cao vé do chinh
Xéc clia c4c hé thong dinh vi dan dwdng. Bai bdo dé xudt mot giai phép tich hop
trén co s& cau tric ghép chat INS/GPS, két hop véi do pha séng mang GPS va hé
thong GPS vi phan (DGPS) dé nang cao d6 chinh x4c clia hé thdng dinh vi dan
duong, thich hop cho cac d6i trong may bay khong nguoi lai (UAV) véi chi phi
thép. K&t qua md phdng cho théy réng giai phap d& xust cho phép giam khoang

.....

Tir khda: GPS, INS, DGPS, pha séng mang.

ABSTRACT

In recent years, there are variety of INS/GPS integration mechanisms
developed to meet the requirement of higher performance navigation systems.
This paper proposes a solution based on low-cost INS/GPS tightly-coupled
integration with the use of carrier wave phases and Differential GPS (DGPS) to
improve performance of a navigation system used for Unmanned Aerial Vehicles
(UAV). The simulation results showed that the proposed solution can reduce the
system error by approximately 80% as campared to the conventional INS/GPS
tightly-coupled integration.

Keywords: GPS, INS, DGPS, carrier wave phase.
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1. DAT VAN BE

Hién nay, dé dinh vi dan dudong, nguoi ta st dung hai
phurong thirc co ban 1a hé théng dan dwdng quéan tinh (INS)
va hé théng dinh vi vé tinh (GPS).

Nguyén Birc Thi*", Nguyén Binh Sy?, Tran Xuan Tinh?,

Hoang Trung Kién*, Nguyén Trudong Son®, Tran Thiy Van®

INS la hé théng dung cac cadm bién van t6c goc va cam
bién gia toc dé tinh toan vi tri, téc do thay ddi vi tri clia vat
thé. Dac diém clia hé théng nay la tin hiéu dau ra lién tuc va
c6 sai s6 tich Iy theo thoi gian.

GPS thurc hién bang cach do khoang cach tir vi tri vat thé
dén céc vé tinh, vi tri vé tinh da biét, do vay c6 thé xac dinh
duoc vi tri vat thé. Bac diém clia hé théng nay la tin hiéu
khong lién tuc va sai s6 ctia thong tin khéng bi tich Ity theo
thoi gian, nhung bi nhigu ngudn nhiéu bén ngoai tac dong.

Chinh vi vay, viéc INS va GPS hoat déng doc lap thi chua
dap tng duoc nhu cau dan dudng can do chinh xac cao va
thong tin lién tuc cho cac déi tvgng co dong. Bién phap két
hop gitta hai phrong phap dinh vi dan duong GPS va INS sé
cho ta nguon théng tin lién tuc voéi dd chinh xac cao hon. Tin
hiéu GPS c¢6 thé sir dung dé khir sai so tich Iy ctia hé INS va
tin hiéu INS c6 thé sir dung dé giam trlr nhiéu cho hé théng
GPS. Céac giai phap tich hgp INS/GPS dang dwgc nghién ciru
mot cach rong rai nham dap tng doi hdi ngay cang cao vé
dd chinh xac ctia cac hé théng dinh vi dan dudng.

Trong nhitng ndm gan day, c6 nhiéu nghién ctru vé viéc
tich hgp GPS va INS str dung céu trac ghép léng va ghép
chét duoc duoc cong bd véi cac két qua dang ghi nhan [1,
2,3, 5, 6]. Tuy nhién, hau hét cac giai phap van chi st dung
cu tric ghép long. Cau trdc ghép lang c6 nhuoc diém la
chi hoat dong duoc khi thiét bi thu GPS bat dwoc tdi thiéu 4
vé tinh. Cau trac ghép chat cho phép hé théng hoat déng
khi thiét bi thu GPS khong bét da 4 vé tinh, nhung doi hoi
tinh toan voi do phic tap cao. Cau trac ghép léng st dung
trong [13] chi dugc dé xudt cho cac (ing dung tréc dia, ban
do trén thiét bi cam tay, khong doi hoi do chinh xac va tinh
on dinh hé théng cao. Bén canh do, cac giai phap dua ra
trong [14, 15, 16] chd yéu tap trung vao xay dung thuat
toan danh gia sai s6 tir INS doi héi cac phép tinh toan xt ly
phtc tap.

Trong bai bao nay, chang t6i dé xuat mot giai phap tich
hop trén co s& cdu trdc ghép chat INS/GPS, két hgp véi do
pha séng mang GPS va hé théng GPS vi phan (DGPS) dé
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nang cao do chinh xéac clia hé théng dinh vi dan dudng,
thich hgp cho cac déi twvgng may bay khong ngui lai (UAV)
khi chi st dung cac thiét bi thu GPS va INS thdng thuong
chi phi thap.
2. PHAN TiCH HE THONG TICH HQP GPS/INS

Giai phap tich hop trén co sé cau trac ghép léng c6 uu
diém dé thyc hién, nhung dé chinh xéac trong dinh vi dan
duong khong cao. Cac UAV doi héi hé théng dinh vi dan
duwong cé do chinh xac cao, vi vay, giai phap tich hgp st
dung cdu tric ghép chét la lva chon phu hgp hon cho UAV.
2.1. Phan tich cau trac ghép chat INS/GPS

So d6 dién hinh cta cau tric ghép chat INS/GPS duwoc
trinh bay trén hinh 1.

v

Khéi Cam bién T\ | Thujttoén din dutmg PVANs AN

quén tinh \‘J quén tinh A% )

PVAsioms
Bin tin Théng tin i Dudoim
GPs [ q@ydeo »| Khoing cich gia

Khoing cach Do khoing Bé loc

£ia GPS ——O—>  cch gid > EKF —

Hinh 1. C&u trlc ghép chat INS/GPS

Trong cdu tric nay, khoang cach gia dy doan va khoang
céch gia thu dugc tir GPS dugc sir dung dé xac dinh sai léch.
Sai léch nay dwa vao b loc Kalman dé uéc lugng t6i wu sai
s6 hé thong bao gom: vij tri, van toc, do cao va do trdi clia
cac cdm bién INS. Sai s6 wéc lwgng vé vi tri, van tdc va do
cao dwoc cap nhap dé hiéu chinh PVA (vi tri, van t6c, do
cao) clia INS, tir dé xéc dinh dau ra cho hé thong. Sai s6 wéc
lwvgng d6 troi cam bién INS duoc dung dé hiéu chinh lai cac
cam bién quan tinh.

T hinh 1, khodng cach gid quan sat nhan dwoc tlr viéc
may thu GPS duoc sit dung nhy mot tham chiéu chuén va
s khac nhau gitta gia tri nay véi khoang cach gia dv doan
tlr INS la dau vao clia bd loc Kalman mé rong (EKF) dé wac
lvgng céc sai sO vi tri, van toc va sai sO trdi clia cAc cAm bién
guan tinh. Do anh huwdng cla cac sai sé nén dd chinh xac
cla c&c may thu GPS & mitc vai chuc mét dén hang tram
mét, vi vay do chinh xac cla dau ra bd loc tich hop EKF
cling chi dat dugc mirc hang chuc mét. Diéu nay dan t6i do
chinh xac clia hé théng dan dwong thap va khéng dap ¢ng
dwoc yéu cau doi véi cac UAV cd nhiém vu trinh sét, thu
thap thong tin (cac UAV nay doi héi hé théng dinh vi dan
duong cé do chinh xac cao v6i sai s6 dwgi 10m, dap ing
thoi gian thic va ¢ thé hoat dong trong diéu kién vé tinh
bi che khuat).

Pé nang cao dd chinh xac cla hé théng, mot trong
nhirng giadi phap la nang cao dd chinh xac ctia GPS théng
gua viéc xac dinh chinh x&c vi tri may thu GPS. Trong thuc t€,
mot phuong phép hiéu qua cho phép nang cao dd chinh xac
cUa vi tri cia may thu GPS la st dung pha s6ng mang.
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2.2. bo hiéu pha sbng mang

Nhu déa biét, song mang L1 c6 buwéc séng 4 = 0,1903m,
vi vay si thay d6i pha theo quang duong truyén la rat 16n.
Do dé, viéc xac dinh vj tri dung pha s6ng mang sé cho dé
chinh xac cao. Tuy nhién, dé st dung pha séng mang, trugc
hét ta phai khr dugc s6 nguyén lan bwéc séng khdng xac
dinh tir vé tinh t6i may thu.

Mot cach Efing guan phuwong trinh do pha séng mang
c6 thé biéu dién theo phrong trinh sau:

@+NA=r+1+4+T+ cbtys+¢ 1)

Trong dé: © la pha s6ng mang trong mét chu ky tai
diém thu, N 1a s6 nguyén khong xac dinh, ¢ la van toc anh
sang, A la buéc song clia séng mang, r 1a khodng céach hinh
hoc gifra vé tinh va thiét bi thu GPS, | va T la dd gitr cham
s6ng mang béi tang dién ly va tang déi luu, 8t la sai s6
déng hd cua thiét bi thu GPS va déng ho cuia vé tinh, € biéu
dién céc sai s6 con lai.

D€ sir dung pha s6ng mang trong cac tng dung dan
dwong thoi gian thyc, can phai loai bé sé nguyén khong
xac dinh N. Mét trong cac phwong phap hiéu qua la st
dung hiéu pha séng mang do & hai thoi diém lién tiép,
sao cho dd dich khoang cach gilta hai lan do d6 khéng
I&n hon mot bwdce song. Gia st t,_; va t, la thoi diém do
treéc d6 va thoi diém do hién tai, pha séng mang xac
dinh nhuv sau:

(th_1 + N))\ = I'k—1 + Ik—l + Tk—l + C8k_1tus + & (2)

(Gtk + N)}\ =TIk + Ik + Tk + C8ktus + € (3)

TU phuwong trinh (2) va (3) ta cé:

A8 =0y =0y =A'(r+ Lo+ Ty + c8ytys +€) —

Ao + Leoq + Tioq + 68pqtys +€) (4)

At = tk _tk—l (5)

Vi céc sai s6 nhu sai s6 bdi tang dién ly, sai s6 béi tang
déi lvu, sai s6 dong ho tai hai thoi diém do lién tiép co gia
tri xdp xi bang nhau, nén ta c6 thé biéu dién hiéu pha séng
mang & hai thoi diém trén mot cach gan ding nhuw sau:

~ Tk~ Tk
AB = — (6)

Nhu vay, cé thé thay tir tin hiéu GPS viéc xac dinh A8 cé
sai s6 nhoé hon nhiéu so v6i viéc xac dinh khodng cach. biéu
nay goi y cho chiing ta cé thé st dung phwong trinh (6) dé
tang do chinh xac clia hé théng tich hgp INS/GPS.

Trwdc hét, ta cd thé dung A8 dé tinh van téc khoang
cach gia, thay cho cach do van t6c gia bang hiéu ng
Doppler. Vi viéc do van téc bang hiéu (ng Doppler thuong
chiu nhiéu &nh hrdng clia nhiéu loan hon viéc xac dinh van
téc gia bang hiéu pha séng mang [7].

Pk—Pk __ Tk~ Tk __ AA6

P At At At (7)

Khi At cang nhé thi cdng thirc (7) cho gia tri xac dinh
van t6c gia cang chinh xéac. Ngoai ra, dé tdng do chinh xac
clia viéc do khoang céach gia cé thé sir dung thém tin hiéu
tlr hé théng DGPS.
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2.3. Hé thong DGPS
DGPS la mot hé théng dinh vi dwgc xay dyng dua trén
hé théng GPS, c¢6 thém cac tram tham khao dwoc 1ap dit tai
cac vi tri da biét trwdc toa do chinh xac. Nhiém vu cla cac
tram tham khao la tinh ra cac so liéu vé sai s6 clia viéc dinh
vi. Cac sO liéu nay bao gom céc gia tri can hiéu chinh vé
khoang cach gia, vi tri clla vé tinh. Cac gia tri hiéu chinh nay
sé duwoc tram phat di liéu Datalink cung cdp cho nguoi st
dung, duing dé tinh ra vi tri ctia minh mot cach chinh xac.

Uu diém clia hé théng nay la nang cao dd chinh xéc clia
vi tri voi sai s6 mot vai mét nhung no cling ¢é nhuge diém
la gi¢i han pham vi hoat dong trong khoang phat clia tram
tham chiéu, sai s cang tang khi cang xa tram va s gia
tdng nhanh cUa sai s6 hiéu chinh vi sai theo thoi gian tl ltc
tinh toan. Trong trvdng hop mat tin hiéu DGPS, hé théng
sé hoat dong véi tin hiéu GPS va khoang cach gia khéng
dwoc hiéu chinh, sai s8 ltic nay bang voi sai s6 clia hé théng
GPS théng thuong.

Chéap nhan nhitng vu nhuoc diém clia DGPS, ta thay
rang c6 thé thu thap thém tin hiéu DGPS dé gia tang do
chinh xac cho hé théng dinh vi dan dwong. Thi nhét, vi
hién nay DGPS dé duoc thiét lap cho hau hét cac vung. Thir
hai, viéc dung thém DGPS khéng lam cho hé thdng quéa
phirc tap ma van dam bao do tin cdy cao, hoat déng 6n
dinh lau dai. Thi ba, chi phi khdng qua cao so véi viéc chi
str dung hé théng GPS théng thuong va kich thuwéc, trong
lvong Nhd gon co thé 1ap dat dé dang trén UAV.
3. HE THONG BE XUAT
3.1. So d6 cau tric hé théng

v
Thdttoindfndung | s
quén tinh
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Khoing cach gia

Vavintbe cian

Bintin Thing tin
GPs @ydzo

v

plN

Bélec
EKF

Tinh
vintéc
Khoing |fcps
cich gid

AAD
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Hinh 2. So d0 tich hop INS/GPS d& xuat

Trén co s& nhitng phan tich & phan 2, nhém tac gia dé
xuat xay dung so do tich hop INS/GPS cai tién dé xac dinh vi
tri nhw trinh bay trong hinh 2. O day, hé théng tich hop cai
tién tvong tw nhu moé hinh ghép chét, chi khac & hai diém
sau day:

e Thit nhét, viéc do van téc khoang céach gia bang hiéu
trng Doppler duoc thay bang cach hiéu pha song mang.

¢ Thit hai, khodng céach gia tr GPS dwgc cdng voi cac
tham s6 hiéu chinh tir DGPS cung cép, trwéc khi dua vao bd
loc Kalman.

So v6i so do ghép chat théng thuong thi so do nay cho
dd chinh xé&c cao hon vi viéc xé&c dinh van téc gia bang hiéu
pha sbng mang c6 dd chinh xac cao hon [8] va viéc dung
DGPS cho phép xac dinh khodng céch gia vai do chinh xac
cao hon.

Giai thuat tinh toan cac tham s dinh vi dan duong
dugc trinh bay cu thé trong phan tiép theo.

3.2. Tinh toan tham s6

Trong céu tric dé xuét, hé INS kiéu gan chat (Strapdown
INS) dwoc lya chon do déi tugng phuc vu la UAV. Trén so
dd, khéi “Thuat toan dan dung quan tinh” ¢6 nhiém vu tiép
nhan di¥ liéu do lwong tlr dau ra clia cac cAm bién quén tinh
va tinh toan cac thong tin vi tri, van tdc, do cao trong hé toa
dod dan duong (¢ day gia thiét hé toa do dan duong la hé
toa do dat - dia phuong (NED) voi N 1a huéng bic, E 1a
huéng dong, D huéng xudng tam trai dat).

Theo [10], c6 thé biéu dién hé phuong trinh vi phan dan
duwong quan tinh cho vector vi tri p™vector van téc v",
vector d6 cao Cf trong hé hé toa do dan duong (n-frame)
nhu sau:

pn D—lVV
vt = [ B — (20f+ @i, )V + g" (8)
o (wP— Cpwpy Cp
Trong dé:
! 0
(65 )
D= | 1

I
\ 0 (N +h)coso 0/
0 0 -1

a
(1 —e?sihg)l/?
3 a(l—e?
(11— e?si Ag)3/2
va f la vector lyc xac dinh, dugc dinh nghia bang su khac
nhau gilta gia toc thyc té trong khéng gian va gia téc do
trong truong trai dat. g la vector trong truong. ¢ la vi do, h
la d cao. wl.la vector téc do quay cua e-frame (hé toa do
dia tam) v&i hé toa do quan tinh (i-frame) biéu dién trong
n-frame. w}, la vector t6c dd quay cua n-frame voi e-frame.
", la vector téc do quay cta n-frame véi i-frame. wP, 12
vector t6c do quay cla b-frame (hé toa do lién két) voi
i-frame.
Theo [10], tlr cac cbng thirc trén, cé thé xay dyng so do
thuét toan nhu trong hinh 3.
Trén hinh 3, ky hiéu v 1a trong luc tai vi do trac dia ¢ va
dd cao elip h. Cong thirc tinh gia tri y nhu sau [10]:
yr=00y) ©)
y=a(1+a,sifap+ azsife)
+(a, + assi Ap)h + agh?

N =

(10)
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trong do:
a, = 9,7803266715, a, =0,0052790414,
a, =0,0000232718, a, =-0,0000030876910891,
as = 0,0000000043977311, a; = 0,0000000000007211.

Tinh trong luc

Hinh 3. Thuét toan dan dwdng quén tinh

Theo so do thuat toan hinh 3, ching ta sé tinh toan
dugec vi tri (p), van t6c (n) va do cao (a) clia vat thé mang INS
va cac gia tri ndy mang sai s6 INS, dé hiéu chinh sai sd nay
ta st dung b loc Kalman, truvéc hét ta xady deng mé hinh
sai sO INS.

Theo [10], m6 hinh sai s6 dong cua INS trong cau tric
hinh 3 dwoc biéu dién trong khéng gian trang thai nhu sau:

X =F#Gu 1)
trong do:
op® Fir Fry 0
x=|6v" ) F= For Fuy (R I
SEE 1:er 1:ev _((D ?n X)
0 0
8fP
0 —Cp Swi
YE
I[ WeCOS P+ ]I
ol = | — N [
in l Mth J '
VEtang
—WeSing———

O day: 8p la sai s6 vi tri, 8v 1a sai s6 van téc, e 1a sai s6
do cao.

Cac ma tran F, F, F, F, F., Fo, dugc tinh theo cac
phuong trinh dwgc trinh bay trong [10].

Pé xay dung phuong trinh do cho b6 loc EKF, ta phai
x&c dinh hiéu khoang cach gid do duwgc tlr GPS va wéc
lvgng tir INS.

Theo [9], khoang cach gia nhan dugc tir GPS la pgys;
duoc biéu dién nhv sau:

Pgpsi = dj + bt + cdtg+ clj+ cTi+ ¢, (12)

Trong do: ¢ la van téc anh sang, §t, la sai s6 dong ho
may thu, §t, la sai s6 dong ho veé tinh, T; 1a do gilr cham
tang d6i vy, I; la do gilr cham tang dién ly, ¢, la cac sai s6
khac. Sau khi duoc cong voi gia tri hiéu chinh sai s6 do
DGPS cung cdap thi chi con sai s6 dong hd may thu, vay
khoang cach gia tir GPS duoc dugc viét lai nhu sau:

Pgpsi = di + cbt. + g, (13)
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BA qua céc sai s6 nho, van toc khoang cach gia tir GPS
nhan duoc bang cach do pha song mang duva trén cong
thire (7) nhu sau;

. AAD
Pgpsi = 3¢ (14)

Ta c6 thé tinh toan vector (1) tlr thiét bi thu dén vé tinh i
str dung thong tin vector vi tri (p; ns,), van toc (vi',,) cla
INS va vector vi tri pg;, van téc p; cla vé tinh trong théng
tin quy dao vé tinh n_hu sau: -

(15)
(16)
Khoang cach gia va van t6c khoang cach gia duoc wéc
lvgng tir INS dugce tinh qua phuong trinh sau day:
Pinsi= ”li ns,i” (17)
0; ns,i— pi_r}s,i l'irns,iii ns,i) (18)
Trién khai gié tri pgps; VA Pgps; theo gid tri p; g ;Va i s
theo cong thirc Taylor mé réng, bd di cac thanh phan bac
cao, voi ky hiéu (X, = pjnsy) Va van téc (X, = vi\), ta
dwoc nhu sau:

li nsi— Esi - Bi ns,r

. . n
li ns,i — Esi ~ Vinsr

Pepsi = Pinsi™T EiSXp + &b, (19)
Pgpsi = Pinsit FidXp, + Gi6X, (20)
Trong dé:

pgps i _
Ei = % = Py r}s,' 'irns,i (21)

p Pinsr
9Pgps.i -1 9T
i Xy DinsrEnsr ~Pinstins,i (22)
_ 0pgps,i _ l;rns,rlins.r T _ Iirns,i

Fi - E)Xp Pi ns,r,Viens r - pi3ns'i rner Pins,i (23)
8b, = cot, (24)

Hiéu gilra pgpsi VA Pjns,i CUNG VO Pgpsi VA P ns i Chinh la
gia tri do cho mé hinh ghép chat INS/GPS. Phrong trinh do
vé tinh i, tai thoi diém k nhu sau:

zl = [Pinsi—Pgpsi Pinsi—Pgpsi]T + Vi (25)
Ap dung phuong trinh (19-24) ta ¢6 dugc nhu sau:
, —E8X, —6b,
L = [—FiSXp —GiSXV] tv (26)
Bi€u dién phuong trinh (26), dw6i dang sau:
2z = Hixy + vig (27)
Trong dé:
O\ g 0., -1
X = | 0wk |, Hy = [_Fi _1531 0 (28)
8b,

Vector trang thai ctia bo loc EKF sé bao gdbm sai s6 cla
INS va sai s0 do GPS, phwong trinh trang thai dwoc biéu
dién nhv sau:

X =FX+Gu
Trong dé:

(29)
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op"
gn 1:rr Frv 01><3 0
X = | 8;“ |; F= er FVV (fn X) 0f;
\SBb/ 1:er 1:ev _(winnx)o
r
0 0
0 —Cj}
[ ooecoscp+l\;/T*il 1
— 82 . n _ I __VN I
u= wa J Wip= Mth !
—i l_(u sin VEtanq)J
€ P\

O day: 8p la sai s6 vi tri, 8v 1a sai s6 van téc, e 12 sai s6
dod cao, &b, sai s6 dong hd may thu.
Phurong trinh do cho m vé tinh tai thai diém k nhu sau:

Zk = Hka + Vk (30)
Trong dé:
[—E; O Oz 4]
—E 2 01><3 01><3 —1
H, = —E m 01><3 01><3 -1
k F; Gy 0 O f
F,; G, 0 O
| Fn —Gm 05 O 1

Céc gia tri hiéu chinh cho cac tham s6 tinh toan & trén
duwoc wéc lwgng trén co sé cac phuong trinh (29), (30) va st
dung thuéat toan loc Kalman trinh bay trong [10].

Ngoai ra, trong qua trinh tinh toan vi tri va toc do, viéc
dong bo thoi gian do gitta INS va GPS la can thiét, béi vi
trong thoi diém do GPS thi INS khdng chac chén c6 di liéu
ra. Viéc 18y dit lieu INS tai thoi diém do GPS duoc biéu dién
trén hinh 4.

IMU

M t
o Ty 4
tGP S

Hinh 4. Dong b thoi gian gita INS va GPS
Coéng thikc tinh vi tri va van toc cda INS tai thoi diém tgp
nhu sau:

r'(t)-r'(t,,)

M (teps) =1 (t,_)+
tk - tk—l

(tGPS - tk—l)

t—t to.—t (1)
= )+ ()
tk - tk—l tk - tk—l
t—t tp— 1t
!n (tGPS ):ﬂvn (tk—l) + Mvn (tk ) (32)

tk_tk—l B tk_tk—l B
4. MO PHONG VA BANH GIA KET QUA
4.1. Thiét lap diéu kién md phoéng
Céng cu Matlab dwoc st dung dé thuc hién moé phang
cho hé théng dé xuat. Dé mdé phong, gia thiét UAV

chuyén déng trong khdng gian c6 st dung cdm bién quan
tinh kiéu gén chat va thiét bi thu GPS, DGPS. Gia si, tai
thoi diém ban dau vi tri va van téc bang 0, huong cac goc
ban dau bang 0, vat chuyén dong voi gia tc va van téc
goc khéng doi nhu sau:

m m m
ay = 0,25—2; g = 0,15—2; 3= 105—2;

¢ =0; 6=0,01; Y=0,01; (33)

Trong do: ¢, 8, lan lvot 1a géc xodn, goc gat va goc
huéng. Céc gia tdc tinh trong hé toa do lién két.

Céac cAm bién quan tinh xac dinh dwgc cac gia toc va van
téc géc trén nhung ¢6 sai s6 nhat dinh. Cdm bién HG1700
Inertial Measurement Unit cta cong ty Honeywell
Aerospace s dung kha ph6 bién trong thuc té dwoc lya
chon dé khao sat. Trén co s& cac théng s6 ky thuat clia
HG1700, sai s6 cam bién gia tdc va géc co thé tinh xap xi
theo cac phuong trinh duéi day:

Bgyro = 2,424068 X 1075
+rand(+2,424068) x 10 ~%(rad/s) (34)
Saccer= 0,0249 + rand40,00637 ) (ny's ) (35)

trong do: rand la ky hiéu gia tri ham 14y gia tri ngau nhién.
8gyrola sai sO cdm bi€n goc, 8, la sai s6 cam bién gia toc.
Cac gia tri nay duoc st dung dé tinh toan vi tri va van téc
trong hé toa do dan duong.

Khoadng céach gia tir cac vé tinh GPS duoc tinh bang
khoang cach hinh hoc cong véi cac loai sai s va hiéu chinh
sai sO tlr DGPS. Sai s6 clia GPS va DGPS dwgc md ta trong
bang 1 [6].

Bang 1. Sai 56 clia GPSva DGPS

STT Nguon gay ra sai so GPS DGPS
1 | Sais6dotangdiénly +5m +0,5m
2 | Sais6 dotang d6i lvu +15m | +0,2m
3 | Saisododdhovétinh +3m +0m
4 | Sais6 doquj daoveé tinh +42m | +0,3m
5 | Sais6 dodanh hudng da dudng truyén +1m +1m
6 | SaisGnhiéu méy thuvatinh toan +1m +1m
7 | Sais6 dong ho may thu +5m +5m
8 | Sais6coy SA +100m +0m

Quy dao chuyén ddng cuia vé tinh theo thoi gian can
duoc gia lap dé tinh khoang cach hinh hoc gitra thiét bi thu
va vé tinh. C6 thé biéu dién qu§ dao vé tinh théng qua céac
tham s0 trinh bay trong bang 2 [19]. Trong khao sat nay, dé
gidm luvgng tinh toan, chi c6 cac tham s6 quy dao cla 6 vé
tinh dwoc st dung dé mo phdng va thong so cu thé duoc
mé ta trong bang 3.

Dé danh gia tinh hiéu qua, két qua mo phdng cla hé
thong tich hgp INS/GPS dé xuat dwgc so sanh voi két qua
mo phdng cua cac hé théng tich hgp INS/GPS ghép léng,
hé thong INS/GPS ghép chit truyén thong st dung Doppler
dé do van tdc (trong dé, viéc ldy van toc Doppler thuc hién
bang cach ldy van téc chudn cong vai nhiéu [18]).
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Bang 2. Tham s6 clla quj dao vé tinh

(m)

STT, Tha}m Binh nghia Ponvi
SO
1| Crs [Bién dd ctiadao dong diéu hoa hinhsin trén bankinh m
quy dao
2 | D [Saisdtrung binh cliachuyén dng sovéi gidtr tinhtodn I1/s
3| MO (Gidtri bat thuong trung binh tai thoi diém tham chiéu I
4| Cuc [Bién dd cta dao dong diéu hoahinh cosin tréngécvidd | Radian
5| e [Poléchtam
6 | Cus |[Biénddcliadaodong diduhoahinhcosintréngéckinhdd | Radian
7| /A [Canbéc haicda ban kinh tryc chinh vVm Hinh 5. Sai s6 ctia céu tric ghép I6ng va ghép chat INS/GPS (c6 do pha
8 | Toe [Thoi gian tham chiéu clia lich vé tinh S s6ng mang)
9 | Cic |Biénddcliadaodong diéuhoahinh cosintréngécnghiéng | Radian
10| Q0 [Kinh d cla diém truc diing clia quj dao bay tai chu ky| I
hang tuan
11| Cis [Bién dd cliadao dong diéu hoa hinhsin trén géc nghiéng |Radians
12| Crc [Bién dd cliadao dong diéu hoa hinh cosin trén bankinh I
quy dao
13| « |G6ccladiém avé tinh ¢ gan Tréi dat nhét
14| Q |Vantdctheo truc ding I/s
15| IDOT |Vén tdc gbc nghiéng I1/s
Ghicht: T 1a sG PI.
Hinh 6. Sai s6 clia cau triic ghép chat INS/GPS truyén thong va dé xuét
Bang 3. Tham s6 quyf dao clia 06 v& tinh S5 tzl?r;?(;: ;gnt% (‘?iogi g;c (;E;i%i i]aél
Vétinh1 Vétinh2 Vétinh3 Vétinh4 Vé tinh5 Vétinh6 | bonvi théng: chi st dung INS, chi st dung
-5,9875e+001 | 6,5281e+001 | -8,5656+001 | 4,6969%-+001 | 6,200e+002 |54563e+001| m GPS, ghép 16ng INS/GPS, ghép chat
1,5294¢-009 | 1,6692¢-009 | 1,4644e-009 | 1,4919e-009 | 1,1192e-009 | 1,6494e-009 | Ti/s INS/GPS va céu trac dé xuat.
-4,84016-001 |-8,7179-001| -8,8417e-001 | -8,8899e-001 | -9,7589-001 | 1,1990e-001 | TI ~ Két qua md phéng cho théy
-2,0840e-006 | 3,3500e-006 | -4,5337e-006 | 2,4196e-006 | 1,3784-007 | 2,8610e-006 | Radian rang cac he thang tich hop INS/GPS
374726003 | 119166-003 | 68008e-006 | 6,7628¢-003 | 7,8766e-003 | 5,0219e-003 cho pheﬁ giam dgng ké sai SOIS,O VO
787156-006 | 3,35466-006 | 6,56776-006 | 1,1941e-005 | 1,1863¢-005 | 3,41806-003 | Radian HggcngPs?,%aiubielint?ugﬁggh Q,ep 'g'hsi
5,1536+003 | 5,1535e+003 | 5,1537e+003 | 5,1537e+003 | 5,1538e+003 | 5,1537e+003 | +/m sir dung INS gay sai s6 tich Ity theo
2,5198e+005 | 2,5200e+005 | 2,5200e+005 |2,5200e+005 | 2,5200e+005 |2,5200e+005 | s thoi gian rdt Ién. Cau tric ghép chat
-2,2352¢-008 | -5,0291e-008 | -4,4703e-008 |-1,2852¢-007 | 7,2643¢-008 | -1,6764e-008 | Radian ¢6 do pha song mang kha hiéu qua,
6,408¢-001 | -7,0009¢-001 | -35952¢-001 | 9,6454e-001 | -2,7200e-001 | -7,0123¢-001 | T n6 cho phép giam gan 50% sai s6
1,30396-007 | 4,0078e-007 | -1,2480e-007 |-9,1270¢-008 | -6,3918¢-008 | 6,3918¢-008 | Radians |39 VU'hEr“"’”ﬁ hop cau ””Ch ghép
3.03946-001 | 3,0031e-001 | 3,0513¢-001 | 3,0066e-001 | 3.1381e-001 | 3,0266e-001 | 1T (?unr?gtth%?ﬁ ;hgzgg;r;ﬁggcag%;g
2,2494¢-002 | 3,0363¢-002 | 2,5019-002 | 1,4213e-002 | 1,6128¢-002 | 3,0716€-002 | I dé xéc dinh khoang cach gia chinh
-5,1669e-001 | -2,8071e-001 | -8,2533¢-001 | 8,2234e-001 | -6,00226-001 | 5,1312¢-001 | TI/s xac hon két hop voi DGPS (gii
-2,5994e-009 | -2,7268e-009 | -2,5919e-009 | -2,5278e-009 | -2,3444e-009 | -2,7663e-009 |  I1/s phéap dé xuat) cho phép nang cao

hon nita dé chinh xac clia hé théng.

4.2. Kétqua moé phoéng va danh gia

K&t qud md phéng vé sai s6 hé thdng trong khéng gian
3D gilta hai cdu trac ghép léng va ghép chat INS/GPS
truyén théng dugc biéu dién trén hinh 5 (ciu tric ghép
chét c6 do pha s6ng mang). Truong hgp sai s6 hé théng
trong khéng gian 3D gilta hai cau trac ghép chat truyén
thong va cdu trac dé xudt (s dung ca DGPS) dwgc biéu
dién trén hinh 6.

8 | Tap chi KHOA HOC & CONG NGHE @ S8 55.2019

LGc nay sai s6 gidm khoang 80% so v&i hé théng khéng st
dung phuong phap do hiéu pha séng mang va DGPS (hé
thong ghép chét INS/GPS truyén thong).

Béng 4. So sanh sai sd i trf (tinh theo m) gitta céc hé thong

N ~ 1~ | GPS |Ghépldng | Ghépchat| pé
Thoigian | INSAOCIP | o 10| Gps/iNs | GPS/INS | xudt
0s 0 115 0 0 0
10s 205 12 10 21 | 180
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20s 7,155 193 113 20,2 7,74

30s 15,79 187 47 179 1,04

40s 21,72 50 99 25,9 5,96

505 43,03 3 37 178 9,55

1005 61,37 187 241 414 6,88

200 659 181 9 85 8,13

300 1540 56 2 44,9 4,26

400s 2690 15 34 211 2,12

500 3718 20 30 123 8,03

Trung binh - | 9952 | 6566 34,52 | 6,568
5. KET LUAN

Bai bao d3 trinh bay nhirng phan tich vé wu nhuwoc diém
cla cac giai phap tich hop INS/GPS truyén théng, tir d6 dé
xudt phwong phap nang cao chéat lugng hé théng tich hop
INS/GPS trén co s& st dung thém pha séng mang ctia GPS
dé xac dinh khoang cach gia két hgp véi cac gia tri hiéu
chinh DGPS, thich hgp cho cac dbi twgng UAV khi chi st
dung céc thiét bi thu GPS va INS théng thutng chi phi thap.
Céng cu Matlab dugc st dung dé thic hién mé phéng cho
hé théng dé xuat, voi gia thiét UAV chuyén déng trong
khéng gian co6 st dung cam bién quan tinh kiéu gan chat
va thiét bi thu GPS, DGPS. Két qua mé phéng cho thay rang
gidi phap dé xudt cho phép gidm khoang 80% sai s6 clia hé
thong so voi gidi phap ghép chat INS/GPS truyén thong.
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