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Muec tiéu chinh cda nghién ciru 13 thwe hién mét hé théng tich hop INS/GPS theo chu tric tich hop chit
img dung trong mdi truimg b thi. Trong k§ thudt tich hep nay, cdc thdng tin vé khodng cich cic vé tinh
PR va tin s Doppler quan sit dwgc tir thiét bi thu GPS sé dwgc xir Ij va tinh toan riéng Gmg véi mdi v§
tinh, nhim xic dinh dwge mé hinh do hrimg ciia h¢ thong. Cic gid tri gia thc, vin toc gbe va tir tru'ung tir
INS durge su‘ dung nhr la md hinh qud trinh cia hg thong. Bé lgc Kalmsn mé rong dugc thiét ké trén mé
hinh 23 bién trang thai a& wéc Iwomg vi tri, van tde, uhidu nén INS v sai sb xung nhip ciia thlet bl thu GPS.

Vige thir nghiém dwec thye hién ngoal trisi trong mbi trudmg 45 thi khi tin hidu GPS bi mét ngau nhién dé
danh gia d6 chinh xic cia hg théng. Két qua thir nghiém chi ra ring, hé thing tich h(rp theo céu triic tich
hop chiit chinh xac¢ hon céu tric tich hop 16ng khi tin hidu cac v¢ tinh khdng dit dé thiét bi thu x:ic dinh
quy dao va chi con nhin duge 2 hojic 3 v§ tinh.

Tir khéa: b3 lpc Kalman mé rdng, tich kop chit GPS/INS, woc liepng toa 45,
Chi s8 phin logi 2.2
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IMPLEMENTATION OF A GPS/INS
TIGHTLY-COUPLED SYSTEM APPLIED IN

URBAN ENVIRONMENTS X4c va tinh ’(;m dinh frong linh virc dinh vi doi

wong, hé thong tich hop GPS/INS 6 thanh mét

Summary d¢ tai nghién citu rat pho bién. Huéng tiép cén

N " ndy gitp dim bo tinh chinh x4c trong vide xac

This paper presents the imp ofa GPS/INS - .\ " 0% dao cia déi wwong khi thiét bi thu chi
tighthy- d system applied in urban envir

nhén dirge tin hiéu tir 3 vé tinh tr& xubng va gitp
han ché céc sai sb quy dao theo thai gian 1.
Hién tai, cd 3 kiéu tich hop cho hé thong GPS/
INS: tich hop long (loosely coupled), tich hop
chit (tightly coupled) va tich hop cwc ky chit
(ultra-tightly coupled) [2]. Trong cAu triac tich
hop long, cac gid trj do vi trf va vén tbc tir thiét b
thu GPS s& tich hop voi mé hinh INS dé giéi han

In this mtegratmn technique, the informatien of
satellite distance and Doppler frequency is extracted
and calculated for building the measurement model
in the integration system. Accleration, gyroscope and |
magnetic value from INS areused forthe process model. ,
An 23-state extended Kalman filter is formulated
to estimate position, velocity, bias, scale factor, and

clock error. The experiment is carried out outdoor in ;
urban environments where GPS signals are randomly ,
lost in order io evaluate the system accuracy. The
experimental results have shown the GPS/INS tightly-
coupled integration gives better performance that the ,
GPS/INS loosely-coupled integration.
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sai s6 clia mé hinh. Do d6, ngd ra cita hé thong
niy phu thugc nhidu vao d6 chinh xéc coa thiét
bi thu GPS, néu thiét bi thu GPS khéng xac djnh
duoe quy dao do bi che chan thi hé thong nay
s& mét on dinh chi sau mot thai gian ngén (3].
Véi chu triic tich hop chat, hé thong s& khéng
stt dung két qué tinh todn quy dao tir thidt bi thu
GPS, ma nd s& nhan cdc gid tri goc cla timg vé
tinh truyén xudng thiét bi, bao gdm khodang cich



vé tinh va tin s Doppler. T cAc gid tri do ndy, thugt
toan ude lwpng PVT duge sir dyng d¢ xdc dinh md
hinh do ludmg cho hé théng {4]. Thach thirc 1én nhét
cua phuong phép nay la phal xu 1y tbt viée khir nhifu
cia tin higu vé tinh truyén xuong nhim dam bao d6
tin ciy clia md hinh do luong, Néu giai quyet 6t thich
thirc ndy, chung ta s& cai thién duge sai sb va d6 tin
cay caa hé thong Kkhi d6i nrong di vao ving tin higu vé
tinh khong én dinh va sb v8 tinh nhin dwge nhd hon
bén v& tinth [5].

Trong vai nim tré lai day, hé théng tich hgp GPS/
INS di duge c4e nha nghién ciru trong nuée xdy dung
vi tng dung vio thuc té, Tiéu biéu nhat ttcng 56 nay
1a &8 tai KC06.02/06-10 “Nghién ciu, thiét ké, ché
tao thiét b dinh vi vé tinh phuc vu giam st, qudn 1y
phuong tién giao théng dudmg b, duong sit” ciia TS
Nguyén Thanh Hii, Truomg Pai hoc Giao théng Van
téi. Tuy nhién, ciing véi cic cong trinh khac, phuong
phap tich hop sir dung trong hé théng 13 phuong phap
tich hop léng. Chinh vi thé, trong bai bao niy, hé théng
tich hgp INS/GPS theo cAu friic tich hop chit dugc xay
dung va thir nghiém trong méi trudng 46 th, noi ma
tin hiéu GPS bi che chin va bj gi4n dogn nghu nhién
khi dbi twong di chuyén.

Nghién ciru nay duge phan thanh 2 phin chinh: thi
nbit 1 xay dymg vi thye hién thudt toan uée lugng
trong hé théng tich hop INS/GPS trén mdi trudmg
Matlab; thir hai 13 xdy dyng hé théng thu thip dit ligu
trén nén vi xit ly dé kidm nghiém va danh gid. HE
théng thir nghi¢m dwoc x8y dung dua trén cic thiét bi
gid thanh thip: thiét by thu GPS U-blox 6 vA cém bién
quan tinh ADIS16405 duoec sit dung lam céc thiét bi do
trong mé hinh GPS va INS twong img, Cam bién c6 toe
d9 cép ohét 100 Hz, duoc sit dung d uéc luong vi tri
va huémg ciia vit; viéc udc hugng hudng sé duge thue
hign béi 2 b4 loc Kalman dya trén céc gi4 trj ngd vio
gia téc, , vén toc goc va tir truong [6]. Thiét b thu GPS
cung cip gia trj goc tir tin hiéu v& tinh vér tAn sé cdp
nhét 12 5 Hz. Nhimg dir liée thi nghiém duge thu thép
khi déi tuong di chuyén ngoai tréi s& duge dua vao by
uoc lugng dé danh gis chat lwgng ciia hai cdu truc tich
hop chit va tich hop long.

M@ hinh tich hop GPS/INS
Cdu triic md hinh INS

Ba toan INS dit ra la phai xac dinh quy dao chuyen
dfng ciia vt dua trén cic gia tri giatbe va vén tde goc
giti v&. Mé hinh chuyén ding cia dbi tugng trong hé
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toa 46 ENU dugc dua ra trong nghién ¢i cta Shin
2001 [7]. Tuy nhién, trong md hinh INS cua cic nghlén
clu nay. ma trdn xoay DCM duec cép nhét truc tlep n.r‘_
cAc gid tri gia thc va van tdc gbe cha cim bikn, 'dong
théi phy thude vao vi tr va van the ngdra, d§n’dén sai
sb 16n va tich lily theo thdi gian. Chinh vi thé, trong
nghlen ctu nay, md hinh INS nhu mé ta ¢ hinh 1 duge
thay ddi vai mét bd woc hrgng hudmg doc ip dé xac
dinh ma trén xoay DCM lim cho sai b ngd ra khéng
&nh huémg dén ma trin ndy, nhing wn diém khi sy
dung két hop bd wée lwong hudng duge néu trong ti
Li¢u tham khao [8].

Hurom)
Vin e
Gua the & f
Van the B utc Trong trudmg v
gée Twrong huéng vén 16¢ géc theo
w1 tri v& vin toc.
Tirmeemg.

Hinh i thuat todn INS

M3 hinh chuyén déng ciia déi twong trong hé toa d6

ENU duge bidu didn nhar sau [9]:
p v U
v |=|r (20 + )"+ g V)
R "
: B (0 -ah) @
Trong d6:

Phwong trinh (1): ¥ =[p A K I vi tri dja I cia
d6i tuong, gdm vi 49, kinh o vi 9 cao,
v=p, ¥ %k vén tbe ctia d6i twong, » 1 ma
trin chuyen a1 vén téc trong hé tryc ENU sang the
46 thay ddi trong hé toa do dialy.

Phum1g trinh (2): # 13 gia tdc trong hé truc BNU,
£~ 13 véc to gia the do dugc tir cim bién, ¢* 12 véc
to gia b frong truong, (. 13 ma tréin chéo cia véc
to wp (tbc 49 quay cta tri dét bidu difn trong hé
true ENU), 02, 13 ma trén chéo clia vée to u? (t6c
d6 quay cia hé trgc ENU tmg v6i hé truc ECEF
bigu dién trong hé truc ENU).

Phu'ong trinh (3): 0, 14 ma trén chéo cila véc to o}
(la toc do quay ciia hé truc body-frame tng v&i he
truc ECI biéu din trong hé truc body frame), 2, 12
ma trén chéo ciia véc 1o of (14 tée do quay cia hé
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{truc ENU tmg véi hé true ECT bidu didn trong hé truc
body-frame).

Vi céc thiét bi hoat dong trén midn théi gian rai rac
nén vin tbc va vi ri ciia ddi twong chuyén dong dugc
1o tac héa véi théi gian [y miu Az nhy sau [10]:

Vi = Vi H AV v + VAL

. 4
Ho =7 +05D(v +3],, ) At @

Ciéu tritc tich hop chiit

Trong bai bdo nay, phuong phap tich hop GPS/INS
theo céu tric tich hop chit duge thyc hién véi 23 bién
trang théi va sir dung bo loc Kalman dé uée luong cac
bién trang thai nay. Hai m hinh duoc dua vio bd loc
bao gbm: mé hinh qué trinh dugc thiét lap dya trén mé
hinh &éng hoc INS va md hinh do hrémg dua trén mé
hinh GPS PVT [11] dugc xac di-nh tir cac thong sb clia
nmg vé tinh. Chu tric cua mé hinh dwoc néu 1a & hinh
. PR va PR turong tng 1a khoang

2. Trong céu hinh na
cach vé tinh dén thiét bi thu va tée 49 thay d6i caa no.

Phuong trinh trang thé: cda md hinh qué trinh duge
biéu dién nhu sau:

%

X=Fx+Gu

Vi Fla ma trin déng hoc mé hinh, x Ja véc to trang
thai, G 13 ma tran diu vao nhifu mé hinh, « 13 véc to
nhifu do lrgmg trong cam bién quén tinh. Bidu thirc

clia chitng duwgce biéu dién bén dudt:

Higu chink: vi frf, vaa tde v hudng ctia NS
& Higuchinl buas,scale factor el MU
Vi tri, ¥An te va budng
Thut toin
-
INS
PRy PR
_ y Béloc
Veudh Kalman ||
pr.pR *
oS PR, Doppler, | Thuittoin GPS PVT T
Tharm sb quy GPS
dao vé th ) Hhéu chink ctock bias, clock drfl

Hinh 2 cdu triic tich hap chit

won
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ebtga) Blettan)] (6)

sx=[sp &0 2 @, B85, 65,

Foo o e O by Oy By 0y 0Oy

Fo & B B 0y BP0, 0,
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P Y Y Y Y Ty O 0T

Os 055 O 0y Oy 0550, Oy

Ry O 0y Oy Ui 0y Oy

0o B 0y 0 O 0,50, 0y

Opy i Jig Ui g g0y O
G=[0,; 055 Om Iy 0y Oy 05 Oy (8)

Oy Vg Oy Vg g Oy O

O O Oy O 05y [0 O

O O Oy J Oy 1 0

O O Ou Oy O 0 0 1

Vector trang thai bao gdm: sai s6 vi tri 6P, sai sé
vén tdc 6 trong hé truc ENU, sai s hudng e, sai sé
bias clia gia tdc 6y, va van toc gbc &, , sai 5O scale
factor cua gia téc 65, vi van tbe goc 85, , clock bias
8(cbt,p) va clock drift 6(cf,,) cia thiét vi thu.

Vector u la néu tr.'";ug, va ma trin hiép phuong
sai clia nhidu dugc xac dinh nhir sau:

O =diagla, ve) (9)

257
9="" 10)
Véi o 1a d0 léch chuan cia nhidu, 7 la thoi gian
fwong quan, %9, s S r9es > 9009, 12 phuong sai cua gia

e Do Tog Atsa

toe, van tde 20c, bias va scale factor cida ching. Cac
gia tri ndy dirge xac dinh tir dic tinh cam bién ciia oha
s4n xuét.

Tiép theo, mé hinh do ludmg dya trén mé hinh GPS
PVT [12], duoc bidu difn nhu sau:

z=[zPR]:[HM]AX+[Zm]:H.A)HE an

Zrr Hep PR
Trong d6, H 14 ma trdn dinh hinh, z 14 vector do ledmg
€ 1a nhidu do ludng cé ma tran hiép phueng sai &,;
PR V& PR twong Umg 13 khoang cach vé tinh do va téc
a6 thay ¢8i cia no.
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PR~ PRy

e a2

Sau khi thanh 14p dwoe 2 md hinh cia hé théng, bd
loc Kalman dugc sit dyng d& tich hop 2 mé hioh véi
nhau, nhim uéc lugng véc to trang thai; tir d6 xac dinh
duge cdc gia tri hidu chinh sai 56 cho hé thong Ba loc
Kalman 13 ¢dng cu dwoc (mg dung rng réi trong céc
bii todn khir nhiéu trong bé théng do ludng. Qué trich
thyc hign cia b loc duge chia 1am 2 giai doan: giai
doan tién dir bdo cic trang thai (the prediction stage)
v giai doan cip nhat trang thai (the update stage). Cac
giai doan thuc hién nay dwoc khii quét trong bang 1.

Biing 1 cdo giat doan thuc hién b6 loc Kabnan

sz= a7

Pac~ 1:7,,,]

" g
Vs = Uas

I!l) 0!1) n!xli
4 19
Trong 46, ma trdn bi¢p phuong sai nhifumé hinh O,
duge tinh gidng nhur ciu tric tich hop chit. Bén canh
do6, ma trin hlep phwang sai R, cia nhigu do ludng c6
thé tim duoc bing thue nglnc;m tir viéc thu thip dit liéu

tai mt vi tri ¢ dinh:

(19)

Trong truémg hop ndy, bd lpc Kalman van dugc sit
dung d& uée hrong céc bién trang théi 6 higu chinh lai
cac sai sb cia hé théng

. 2,2 ,,.2 .2, 2,2
R, :dzag(o',a,,o',,,,a',m,dm,a“,au)

M& hinh thi nghiém

o i .
» K= B H] (BB H] +R,) Cém bién quén tinh dwec si dung Id thidt bi
Prediction fmi 4K (Z _u i’] ADIS16405. Céc thanh phén chinh cia IMU dugc néu
stage ; BT trong bang 2.
=(I-K H,|F
L= KAE Bang 2- thing 56 oo ban cua ADISI6405
Update Rro = ARy + Buy Accelerometer Gyroscope
stage B = AR, A +0, Buas offset (mg) 50 Bla(sn Zt)’fset 3
Céiu tric tich hgp long Bias dnft (mg) 0,2 Bias drift 0,007
s pan o PR . N (1s)
) Bai ’l?aoknay’dlrz’i Ta c2u tnic txc%l_h({p loPg n‘ham‘ ?0 Scalc factor 50 Scale factor 20
sanh véi ciu tric tich hop chit. Vi cdu triic nay, bién (PPM/C) (PPMF°C)
trang. thfu cf{a md hinh chi c(m. ’21 trang thai, bé qua Output noise 0.9 Output noise 0.0
clock bias va clock drift cha thiét bi thu va khéng the (mg) (n /s)
hidu chinh thujt toan GPS. M6 hinh qué trinh va mé
hinh do ludng cia hé théng dwoc mé ta nhu sau: Density noise 0,05 | Density noise 0.05
x=Fet O (13) (me /) (rrs/E)
2=Hete
G day, Cam bién ADIS16405 c6 kich thrde nho v nhe; o6
sx=lir s e o, m, 6, 65, }, (14 thé m;lng chp céc gis '!1 b sai sb ctia gia tbe va vin tbe
goc theo nhiét d8. TAm do gia tdc v3 vén tc goc ciia
Fn Fr Fp 0wy sy O Op cam bién tuong tmg 13 18 g va 300"/5 di liéu truyén
F, F. F. R 0,, R.f° 0, cua IMU gom cd gia toc goc, van the goc, ur trlmng
Foo Fo Fo Oy BRI 0y Rlwg
Felor om o o or o e as) va ap sudt. Dt liéu truyén thdng qua chuén truyén SPL
2"‘ 2,,, 3’*’ 0., fn Oue Oy, Trong thir nghiém ndy, tbc d6 cap nhat dif liéu cia
b Osa Day O Ouy B Ohy IMU duge cai dit 1a 100 Hz.
Oa Ou Gu %u G O B
Thiét b thu GPS si dung thiét b cita U-blox, mé
L1} 0, 0, 0, 0, g i
l;:’ 0: D: Uz‘i o g’*’ thiét bila LEA 6T-1-001. Thiét bi nay chi cé kha nang
0., R 0, O Orn Oun thu dugc tha sé L1. Trong thix nghiém nay, tbe do cip
o= gm gm ;;xz ?.us gm gm 18 nhat dit lidu cita GPS duge cdi dit1a 5 Hz,
R O N : e ik
O O O Ouo B O Cc dir ligu tir c4m bien quan tinh va thiet bi thu
has Oy Ou Oy 03 Aoy st duge 1y ddng b thong qua vi xit Iy ARM Cortex
luvcm
H.n.u.‘ A1} 12018 a2




M4 (STM32F4); sau khi dif ligu dugce xir ly déng bd
5€ duoc truyén 18n may tinh huu triv 8 thyc hién thuat
toan. Thiét bi tich hop dugc két ndi thanh khéi va déng
g6i nhur trong hinh 3.

Hinh 3: thiét by INS/GPS (tréi) - Ublox6 GPS (phat)

Tir cAc théng sb ciia cim bién quin tinh trong tai
lidu ciia ADIS16405, ta xéc dinh duoc céc gia tri cia
ma trin hiép phuong sai Qk nhur sau:

4, :045(mg/\/)‘z)= 5e44{g/\/ﬁ)

g, =0,05("/s/VHz)

@y =0,2(mg) = 2e—4(g) = 0,002(m/ 5}

7,0 =200s =g, =4¢-8

g =0,007(%/s)

Ty =300s ¢y, =327e—1
«,. =40(PPM /" €).40{°C) =1600(PPM)
1,0 = 10005 =g, =512-9
v, =50(PPM [ €)40(°C) = 2000(PPM)
7y = 10005 =g, =8—v

Cic dir ligu thu thap s& duoc d?mg bd va giri 1én
méy tinh dé luu trif va xit 1y Trong thir nghiém, dif liéu
duge thu thép & dwong bao san golf Him Lam (canh
Sin bay Tan Son Nhat). Poan dudng khodng 4 km,
duqc di theo dudng cong khép kin, cing mét dia diém
bt dau va két thiac; trén doan dudng c6 4 lin 1& hudng
va 2 13n quay diu xe, thoi gian ldy mu 12 432,07 s.
Hinh 4 mé ta qu§ dao tham khao trén Google Earth.

Hinks 4 quy dao tham khiio irén Google Earth

[§H0RHOE .\ o

Thyc nghiém va két qua

Dé danh gid 2 thuat toan tich lop long 21 bién trang
thai (LC21) va tick lop chat 23 bién trang thai (TC23),
nhém nghién ciu da klem tra ching trong 2 truomg
hgp khi tin hiéu GPS dn dinh va khong n dinh.

Trudng hop tin hi¢u thu GPS 6 én dinh, két qué nhan
duge tir 2 thuat toan duoc néu ra trong hinh 5, bang
3 va 4. Duong mau do “ref” la quy dao tham khao,
dudmg mau xanh luc 1a quy dao wdc hrong tir thuft
toan LC21 va dudng mau xanh 14 12 qu¥ dao ude lugng
tir thuét todn TC23.

e
gniﬁﬁﬁﬂﬁi!

Hink 5 quf dao wée hepng theo LC21 vé TC23
Bing 3 sai.sé theo LC2! K tin higu vé 1ink dn dink

Sai sb RMS
East North Up
[ virim 0,2058 0,2040 0,0517
[ vaa e (uis) 0,1275 0,1333 0,0769
Bang 4. sai s theo TC23 khz tin higu vé rnh dn dink
Sai 56 RMS
East North Up
[ viwigm 3,0668 4,6046 11,5206
{ Vantée sy | 0,709 0,1723 0,2829

Tir céc két qua trén ta thiy ring, sai s RMS ciia vi
tri theo hirdmg East va North cia thudt tedn TC23 so
véi quy dao tham khao trong @i nhé va cic qu§ dao
chdng khit 1én nhau (hinh 4). Xét v& dé cao, két qua
thudt todn LC21 bam sit theo quy dao tham khio hon
quj dao tir thuat toan TC21. Co thé gidi thich nguyén
nhén cho ditu nay 14 cc nguon gdy ra sai sb GPS
van chua dugc hiéu chinh t6t nhat dBn dén sai s cua
khodng cach v& tinh PR va tin sé Doppler, bot didu
kién mbi tm(mg xung quanh va sw thay d6i thye té
cua biu kh1 quyén trai dit, Tuy nhién, nhu ban diu di
dé cap,'neu tin hiéu v& tinh chét lugng At thi phrong
phip két hop léng co thé cho két qua rét tét; nmmg &
nhitng noi tin hidu vé tinh khong dn dirth thi phuong
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phap nay khong dat @6 tin ciy cao vi lde do nd phy
{huéc vio chit luong cita mé hinh INS. Do 6, dé danh
gia tét hon 2 phirong phép nay, ta kiém tra ching khi
tin hiéu vé tinh bi mé.

Truéng hop tin higu GPS bi mit va sb vé tinh nhin
duge < 4, ta s dung dir lidu thu thip duge va lam mit
GPS trén mot s doan dudmg (ca duong thing 1An nga
1€). Sau d6, ca 2 thudt toan ducc thue hién va kiém tra
sai s6 theo cac huong East-North-Up dé dénh gia thudt
an. Hinh 6 mo ta nhiing doan dudng GPS by e, voi
méu do bidu din c6 tin hiéu GPS, mau den biéu dién
mét GPS.

R B N a = i

Hink 6. v 17i GPS bi mdi (mar den)

Trong trwong hop bi mat GPS, wu diém cia thudt
toan TC23 13 van sir dung gi tri do ludng cia mot b
v¢ tinh, trong khi 4o thudt todn T.C21 khéng sit dung
duge gia tri ndo cho md hinh do luéng vi chi phu
thudc vie d& chinh xac ciia mé hinh INS. Chinh vi thé,
irong treomg hop nay, a danh gia 2 thudt toan LC21 va
TC23 khi GPS chi con nhén duge tinh hiéu cia 3 hoac
2 vé tinh.

Khi thiét b thu chi nhan duoe tin hiéu cua 3 vé tinh,
két qué udc Tugng tir 2 mé hinh duoc bidu didn ¢ chc
hinh 7-9 va bang 3, 6.

Hinh 7: qup dgo theo LC2 I vé TC23 khi nhan 3 vé tink

[Hoamoc 1\

v £} i
[

Hinh 9 sat 56 vin téc theo LC21 va TC23 kitf nhdn 3 vé tink

Bing 5 sau 56 theo LC2 ke nién tin hugus 3 v§ ninh

Sai 56 RMS
Last North Up
l Vi tri (m) 20,0751 25,5909 18,2401
| Vantbe (mvs) | 36610 38624 5,5753

Bing 6 seu 56 tiseo TC23 ke nhén lin higu 3 é tink

Sai s6 RMS
East North Up
[ viriew 17,2389 13,0869 21,1925
[Vintde mis) [ 32313 22047 2,6002

Trong truong hop chi con nhin dugce tin hidu 3 v¢
tinh, tir cac két qua & trén ta thay thudt toan TC23 tht
hon so véi LC21, quy dao wic lugng tir thujt todn
TC23 bam vao quy dao tham kbao nhitu hon, nhu
trong c4c hinh 7-9; tht ca cac gid trj sai sb vé vi tri va
van tdc (dirge néu trong bang 5, 6) cta thuit toin TC23
déu nho hom sai s6 ciia md hinh LC21. Tirdo cho thf"iy,
trong tryong hop chi con tin hidu 3 vé tinh thi md hinh
TC23 tét hon va dang tin cdy hon mé hinh LC21.

Khi thiét bi thu chi nhan duoc tin hidu cia 2 vé tinh,
két qua uée Iugng tir 2 md hinh dwgc bidu difn & cic
hinh 10-12 va bang 7, 8.
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Hinh 10. quy dao theo LC2] va TC23 khi nhan 2 v¢ tinh
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Hink 11. sar 56 vi tri theo LC21 vi TC23 khi nhén 2 vé tnh
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Hinh 12° st 56 vin tdc theo LC21 va TC23 ki nhan 2 vé tnlt

Bang 7 sai s6 thea LC21 khi nhan tin hiéu 2 vé tinh

Sai 56 RMS
East North Up
[ viti@m 20,0751 25,5909 18,2401
[ vantée @s) [ 36610 38624 5,5753
Bang 8. sar 6 thea TC23 khi nhan tin higu 2 v dinh
Sai 56 RMS
East North Up
[ Vitri (m) 1,8862 42944 10,4788
[Vantéc (ms) | 02241 0,5538 1,7025

So sénh két qua trong trudng hop chi con tin hiéu
ctia 2 vé tinh so véi con 3 vé tinh, thi 10 rang chit
luong cua thuat toan TC23 khéng tét hon va cdc sai
s6 ting lén, chimg t6 anh huong ctia s6 hrgng vé tinh
trong m6 hinh. Tuy nhién, néu xét voi thuat todn LC21,
thi tir bang 7 va 8 cho thiy chit lugng cua thut toin
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TC23 van tét hom so vai LC21. Hinh 13 13 biéu db sai
56 RMS ciia 2 mé hinh LC21 va TC23, tir d6 c6 thé
danh gia 2 mé hinh mét cach truc quan hon.
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Hinh 13 biéu dé sar s6 RMS ciia 2 mé hinh LC21 vi TC23
Két luan

Trong bai bao nay, nhom tac gia da xay dung dugc
mé hinh tich hop GPS/INS theo ca 2 phurong phap két
hop long va két hop chit. Nhom nghién ctru ciing da
xdy dung dugc hé théng thu thap di liéu de danh gia
mo hinh, gidi ma duge céc thong tin GPS cin thxet va
hiéu chinh sai sé ctia né. Tuy nhién, viéc gidi quyét anh
hudng cua céc sai sé do méi trudng xung quanh van
chura trigt dé; diéu d6 dugc chimg minh trong trudmg
hop tin higu GPS én dinh md hinh két hop chat van con
sai léch 16m hon so v&i mé hinh két ho‘p long. Tmng
truong hop théng tin quy dao cua thiét b thu bj mét,
chi con nhan dugc tin hiéu cta 3 hoac 2 vé tmh thi két
qué ude luong cia mé hinh tich hop theo céu tric két
hop chat t6t hon cdu tric két hop léng. Chét luong cua
mé hinh két hop chat phu thude vio sb lugng vé tinh
ma thiét bi thu GPS nhén duoc, néu s6 vé tinh cang lén
thi d tin cdy cia méi trirdng cang cao.
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