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Muc tiku chinh cua nghiSn cuu la thwc hi€n mdt he thong tich hop INS/GPS theo cau true tich hop chat 
ung dung trong moi truong do thi. Trong ky thuat tich hgp nay, cac thong tin ve Idioang each cac vf tinh 
PR va tin s6 Doppler quan sat duwc tir thilt bi thu GPS se dugc xii ly v^ tinh toan rieng ung vdi moi v^ 
tinh, nhim xac dinh dugc mo hinh do lu6ing ciia he thing. Cac gia tri gia toe, v^n tdc g6c va tir trucmg tir 
INS dugc su dung nhu la mo hinh qua trinh cua he thong. B$ loc Kalman md̂  rong dugc thiet ke tren md 
hinh 23 bien trang thai de uô c lugng vi tri, van tdc, nhilu nin INS va sai so xung nhip ciia thiet bi thu GPS. 
Vi^c thu nghiem dugc thuc hifin ngoai troi trong mdi truang dd thi khi tin hieu GPS bi mat ngau nhien dfi 
danh gia dd chinh xac cua h^ thong. Ket qua thu nghiem chi ra ring, hf thing tich hgp theo ciu triic tich 
hgp chat chinh xac ho'n ciu true tich hgp long khi tin hifiu cac ve tinh khdng du de thiet bi thu xac d|nh 
quy dao v^ chi cdn nhan dugc 2 hoae 3 vf tinh. 

TO- khoa: bp loc Kalman m& rgng, tich hgp chat GPS/INS, ir&c lirffng tga dg. 

Chi so phan loai 2.2 

IMPLEMENTATION OF A GPS/INS 
TIGHTLY-COUPLED SYSTEM APPLIED IN j 

URBAN ENVIRONMENTS 

Summary f 

Tins paper presents the implementation of a GPS/INS 
tightly-coupled system applied in urban environments. 
In this integration technique, the information 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 are usedforthe 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 to evaluate the system accuracy. The 
experimental results have shown the GPS/INS tightly- "-
coupled integration gives better performance that the 
GPS/EVS loosely-coupled integration. ^ 

Keywords: attitude estimation, extended Kalman filter, 
tightly-coupled GPS/INS integration. 
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Gioi thieu 

Ngay nay, voi xu huong nang cao do chinh 
xac va tinh on dinh trong ITnh vuc dinh vi doi 
tugng, he thing tich hgp GPS/INS tra thanh mot 
de tai nghien cuu tit phi bien. Huong tiep can 
nay giiip dam bao tinh chinh xac trong viec xac 
dinh quy dao ciia di i tugng khi thiet hi thu chi 
nhan dugc tin hieu tir 3 ve tinh tro xuong va giiip 
han che cac sai s i quy dao theo thoi gian [1]. 
Hien tai, c6 3 kilu tich hgp cho he thong GPS/ 
INS: tich hgp long (loosely coupled), tich hgp 
chat (tightly coupled) va tieh hgp cue ky chat 
(ultra-tightly coupled) [2]. Trong cau tnie tich 
hgp long, cac gia tri do vi tri va van toe tu thiet hi 
thu GPS se tich hgp vai mo hinh INS de giai han 
sai so cua mo hinh. Do do, ngo ra cua he thong 
nay phu thuoc nhieu vao do chinh xac ciia thiet 
bi thu GPS, nlu thilt bi thu GPS khdng xac dinh 
dugc quy dao do hi che chSn thi he thing nay 
se mat dn dinh chi sau mgt thai gian ngSn [3]. 
Vai cau tnie tich hgp chat, h8 thing se khong 
su dung kit qua tinh toan quy dao tii thilt bi thu 
GPS, ma no se nhan cac gia tri goc cua timg ve 
tinh truyen xudng thiet bi, bao gim khoang each 
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ve tinh va tan sd Doppler. Tir cac gia tri do nay, thuat 
toan ucre lugng PVT dugc su dung de xac dinh md 
hinh do ludng cho he thing [4]. Thach thiic Idn nhat 
cua phuang phap nay la phai xir ly tdt viec khir nhilu 
eua tin hieu ve tinh tmyen xuong nham dam bao do 
tin cay ciia md hinh do ludng. NIU giai quyet tot thach 
thuc nay, chiing ta se cai thien dugc sai so va dp tin 
cay ciia he thdng khi ddi tugng di vao vung tin hieu ve 
tinh khdng dn dinh va so ve tinh nhan dugc nhd hon 
bon vetinh [5]. 

Trong vai nam trd lai day, he thong tich hgp GPS/ 
INS da dugc cac nha nghien cuu trong nude xay dung 
va ling dung vao thirc te. Tieu bieu nhat trong sd nay 
la dl tai KC06.02/06-10 "Nghien ciiu, thilt kl, chi 
tao thiet hi dinh vi v? tinh phuc vu giam sat, quan ly 
phuang tien giao thong dudng bg, dudng sSt" ciia TS 
Nguyin Thanh Hai, Tmong Dai hgc Giao thdng Van 
tai. Tuy nhien, cimg vdi cac cdng trinh khac, phuang 
phap tich hgp sir dung trong he thdng la phuang phap 
tich hgp long. Chinh vi thi, trong bai bao nay, he thing 
tieh hgp INS/GPS theo cau tnie tich hgp chat dugc xay 
dimg va thir nghiem trong mdi trudng do thi, nai ma 
tin hieu GPS bi che ehan va bi gian doan nglu nhien 
khi ddi tugng di chuyen. 

Nghien ciiu nay dugc phan thanh 2 phSn chinh: thir 
nhat la xay dung va thuc hien thuat toan uoc lugng 
trong he thing tich hgp INS/GPS tren mdi trudng 
Matlab; thu hai la xay dung he thing thu thap dii lieu 
tren nen vi xu ly de kilm nghiem va danh gia. He 
thdng thu nghiem dugc xay dung dua tren cac thilt bi 
gia thanh thSp: thilt hi thu GPS U-blox 6 va cam hiln 
quan tinh ADIS16405 dugc su dung lam cac thiet bi do 
trong md hinh GPS va INS tuang irng. Cam biln co tic 
do cap nhat 100 Hz, dugc sii dung dl udc lugng vj tri 
vk hudng ciia vat; viec udc lugng hudng se dugc thuc 
hien bdi 2 bg Igc Kalman dua tren cac gia tri ngo vao 
gia tic, van tic goc va tir trudng [6]. Thilt hi thu GPS 
cung cap gia tri glc tii tin hieu ve tinh vdi tSn sd cap 
nhat la 5 Hz. Nhirng dii lieu thir nghiem dugc thu thap 
khi ddi tugng di chuyen ngoai trdi se dugc dua vao bd 
udc lugng dl danh gia chit lugng ciia hai cdu tnie tich 
hgp chat va tich hgp long. 

M6 hinh tich hop GPS/INS 

Cdu true mo hinh INS 

Bai toan INS dat ra la phai xac dinh quy dao chuyin 
dgng ciia vat dua tren cac gia tri gia tic va van t ic goc 
giri ve. Md hinh chuyin dgng ciia ddi tugng trong he 

tga do ENU dugc dua ra trong nghien ciiu ciia Shin 
2001 [7]. Tuy nhien, trong md hinh INS ciia cac nghien 
cuu nay, ma tran xoay DCM dugc cap nhat true tiip tii 
cac gia tri gia tdc va van t ic goc cua cam bien, ddng 
thai phu thugc vao vi tri va van t ic ngd ra, dan den sai 
sd Idn va tich luy theo thdi gian. Chinh vi the, trong 
nghien ciiu nay, md hinh INS nhu md ta d hinh 1 dugc 
thay ddi vdi mdt bd udc lugng hudog dgc lap de xac 
dinh ma tran xoay DCM lam cho sai sd ngo ra khong 
anh hudng den ma tran nay, nhiing uu dilm khi sii 
dung ket hgp bd udc lugng hudng dugc neu trong tai 
lifu tham khao [8]. 

GLat6c 
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Tir trucmg 
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Hudng 

-V*rrh 
Bguac 

litong hudng 
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Van tdc 
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Tr^ng trudng va 
van toe gde theo 

Md hinh chuyen ddng ciia ddi tugng trong he tga do 
ENU dugc bieu dien nhu sau [9]: 

!;7" 

D.v' 

-(2n;i+n;,).v"+g" 

KK-^L) 

(1) 

(2) 

(3) 

Trong do: 

' Phuong trinh (1): r"=[p A h] la vj tri dia ly ciia 
ddi tugng, gdm vT do, kinh do va do cao, 
^" = l^E ^N K] la van tic ciia ddi tugng, D la ma 
tran chuyin ddi van tdc trong h? true ENU sang tic 
dp thay ddi trong he tga dp dja ly. 
Phuang trinh (2): v" la gia tdc trong he true ENU, 
/ " la vec to gia tic do dugc tir cam biln, g" la vec 
to gia toe trgng trudng, i ^ la ma tran cheo ciia vec 
ta w2 (tdc dd quay cua trai dat bieu diln trong h? 
true ENU), n^ la ma tran cheo cua vec to w^ (tic 
dg quay cua he true ENU iing vdi he true ECEF 
bieu diln trong he true ENU). 
Phuong trinh (3): li^ la ma tran cheo ciia vec ta ŵ  
(la tdc do quay cua he true body-frame iing vdi h? 
true ECI bieu diln trong he true body-frame), S^ la 
ma fran cheo cua vec to w* (la tdc dp quay ciia he 
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true ENU ling vdi he true ECI bilu diln trong he true 

body-frame). 

Vi cac thiet bi hoat ddng tren mien thdi gian rdi rac 

nen van toe va vi tri cua ddi tugng chuyen ddng dugc 

rdi rac hda vdi thdi gian ISy mau At nhu sau [10]: 

v*%.=v;+Av,VRiv ;+v"A/ 

r ,V=r;+0.5Z3(v;+v;V,)Ar ^"^^ 

Cdu true tich hgp chat 

Trong bai bao nay, phuang phap tich hgp GPS/INS 

theo cau tnie tich hgp chat dugc thuc hien vdi 23 bien 

frang thai va su dimg bd loc Kalman de uoc lugng cac 

bien trang thai nay. Hai md hinh dugc dua vao bg Igc 

bao gdm: md hinh qua trinh dugc thiet lap dua tren md 

hinh dgng hgc INS va md hinh do ludng dua tren md 

hinh GPS PVT [11] dugc xac dinh tir cac thdng si cua 

timg ve tinh. Cau tnie ciia mo hinh dugc neu ra d hinh 

2. Trong cau hinh nay, PR va PR tuang iing la khoang 

each ve tinh den thiet bi thu va tdc do thay ddi cua nd. 

Phuang trinh frang thai cua md hinh qua trinh dugc 

bieu diln nhu sau: 

x = Fx + Gu (5) 

Vdi F la ma fran dgng hoc md htnh, x la vec ta frang 

thai, G la ma tran dau vao nhieu md hinh, u la vec ta 

nhieu do ludng frong cam bien quan tinh. Bieu thiic 

ciia chiing dugc bieu dien ben duoi: 

6x = \5P'' Sv" (^" 6b 
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Vector trang thai bao gom: sai so vi tri *i^, sai so 

van t6c Sv" trong he true ENU, sai so huong e, sai so 

bias cua gia toe Sb, va van toe goc Sb,, sai so scale 

factor cua gia toe SS, va van toe goc SS,, clock bias 

sfcSi^g^] va clock drift ^(cft^) eiia thiet vi thu. 

Vector M la nhieu trang, va ma tran hiep phuong 
sai eua nhieu duge xac dinh nhu sau: 

Q = aiag(q, .,, <,„ (,,.„ ,._ .,.,),- (9) 

» - ^ (10) 

Vdi a la do lech chuan cua nhieu, r la thdi gian 
tuang quan, ?3'?g'̂ 6»''7A£ Wio'̂ i^la phuang sai ciia gia 
toe, van toe goc, bias va scale factor cua chiing. Cac 
gia tri nay dugc xac dinh tir dac tinh cam bien cua nha 
san xuat. 

Tiep theo, md hinh do ludng dua fren mo hinh GPS 
PVT [12], dugc bieu dien nhu sau: 

^ ( : : 
Trong do, H la ma tran dinh hinh, i la vector do lucmg 

e la nhilu do ludng cd ma tran hiep phuong sai Jf,; 
PR va PR tuang ung la khoang each ve tinh do va tdc 
dp thay ddi cua nd. 
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PR-PR,„ 

PR-PR,, 
(12) 

Sau khi thanh lap dugc 2 mo hinh cua he thong, bo 
loc Kalman dugc su dung it tich hgp 2 mo hinh vgi 
nhau, nhJm ucSc lugng vec to trang thai; tir do xac dinh 
dugc cac gia tii hieu chinh sai so cho he thong. Bg igc 
Kalman la eong cu dugc img dung rgng rai trong cac 
bai toan khir nhilu trong h8 thdng do lucmg. Qua tiinh 
thuc hi?n cua bg Igc dugc chia lam 2 giai doan: giai 
doan tien du bao cac trang thai (the prediction stage) 
va giai doan cap nhat trang thai (the update stage). Cac 
giai doan thuc hien nay dugc khai quat trong bang 1. 

Bdng 1: eac giai doan thifc hien bg IQC Kalman 

Prediction 
stage 

Update 
stage 

K, = P-Hl [H^P^HI +R^)^ 

x,^x; + K,(z,-H,x;) 

P,-^,^AP,A'+Q, 

ciday. 
Sb Sb,. SS„ 6S„\ 

^b Oĵ J ^6-f'' 0j,3 

Oji i 03,3 03,j 

R^ 0,^3 Oj^3 O j ^ j 0 

0J..3 O s i i •'•j.s O j ^ j 0 

0 „ 5 Oj^3 O j ^ j / „ , o 

O j , ) O j ^ j 0 j ^ 3 0^,3 / 
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(14) 

(15) 

(16) 

(17) 

(18) 

Trong dd, ma fran hiep phuang sai nhiiu mo hinh Q^ 
dugc tmh gidng nhu cAu tnie tich hgp chat. Ben eanh 
dd, ma fran hiep phuang sai R^cixa nhilu do ludng c6 
thi tim dugc b^ng thuc nghiem tir vice thu thap dit lieu 
tai mgt vi tri co dinh: 

R,^ ^ diag[af^,;al,,;<T,„,;cr^„•,cr,,\(T^) (19) 

Trong trudng hgp nay, bg loc Kalman van dugc sii 
dung dl udc lugng cac bien frang thai de hiSu chinh lai 
cac sai sd cua he thdng. 

Md hinh t hv nghiem 

Cam biln quan tinh dugc su dung la thiet bi 
ADIS 16405. Cac thanh phiin chinh cua IMU dugc neu 
trong bang 2. 

Bang!- thong so ca ban cua AD1SI6405 

Cdu triic tich hgp long 

Bai bao nay dua ra cdu tnie tich hgp long nham so 
sanh vdi cSu true tich hgp chat. Vdi cau tnie nay, biln 
trang thai cua md hinh chi cdn 21 frang thai, bd qua 
clock bias va clock dnfl ciia thiet bi thu va khdng the 
hi?u chinh thuat toan GPS. Md hmh qua trinh va md 
hinh do ludng ciia he thdng dugc mo ta nhu sau; 

Z^HX + E ^ ' 

Accelerometer 

Bias offset (mg) 

Bias dnft (mg) 

Scale factor 
(PPMAC) 

Output noise 
(mg) 

Density noise 

(mg/Vift) 

50 

0,2 

50 

0,9 

0,05 

Gyroscope 
Bias offset 

(Vs) 
Bias drift 

(("/s) 
Scale factor 
(PPM/°C) 

Output noise 
(Vs) 

Density noise 
(•/s/\/7fe) 

3 

0,007 

40 

0,9 

0,05 

Cam bien ADIS 16405 cd kich thude nhd va nhe; co 
the cung cSp cac gia tri bu sai sd ciia gia tdc va van tdc 
gde theo nhiet do. TSm do gia tdc va van tdc gde ciia 
cam biln tucmg iing la 18 g va 3007s; du lieu truyen 
cua IMU gdm cd gia tdc gde, van tdc goc, tir trudng 
va ap suat. Dii lieu truyen thdng qua chuan truyen SPI. 
Trong thii nghiem nay, toe do cap nhat dir lieu cua 
IMU dugc cai dat la 100 Hz. 

Thilt bi thu GPS sii dung thilt hi ciia U-blox, ma 
thilt bi la LEA-6T-1-001. Thilt bi nay chi cd kha nang 
thu dugc tan sd Ll. Trong tini nghiem nay, tdc do cap 
nhat dii lieu cua GPS dugc cai dat la 5 Hz. 

Cac dii lieu frr cam biln quan tinh va thilt bi thu 
se dugc lly ding bg thong qua vi xii ly ARM Cortex 
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M4 (STM32F4); sau khi dii lieu dugc xu ly ddng bd 
se dugc truyin len may tinh luu trir de thuc hien thuat 
toan. Thiet hi tieh hgp dugc ket ndi thanh khdi va ddng 
gdi nhu trong hinh 3. 

Thuc nghiem va het qua 

D I danh gia 2 thuat toan tich lgp ldng 21 bien frang 
thai (LC21) va tich lgp chat 23 biln frang thai (TC23), 
nhdm nghien cuu da kiem fra chiing frong 2 trudng 
hgp khi tin hieu GPS In dinh va khdng dn dinh. 

Trudng hgp tin hieu thu GPS In dinh, kit qua nhan 
duge tir 2 thuat toan dugc neu ra frong hmh 5, bang 
3 va 4. Dudng mau dd "ref' la quy dao tham khao, 
dudng mau xanh luc la quy dao udc lugng tii thuat 
toan LC21 va dudng mau xanh la la quy dao udc lugng 
tir thuat toan TC23. 

Hinh 3: thiet bi INS/GPS (trdi) - Ublox6 GPS (phdi) 

Tir cac thdng sd ciia cam bien quan tinh frong tai 
lieu cua ADIS16405, taxac dinh dugc cac gia tri ciia 
ma tran hiep phuang sai g^ nhu sau: 

(T^ = 0,2{wig) = 2 e - 4(g) = 0,002{m / s") 

T^=2005 ^q^^Ae-% 

^^=0 ,007( ' ' / s ) 

Tj^=3005 =>9 ,^=3 ,27e - / 

„̂ ^ =40(/*PW / ' C).40(''C) = 1600(PPM) 

, „ = IOOOs =>^„=5 ,12e -9 

cr̂ ^ = 50(/'PM/" C).40(°C) - 2000(/'i'W) 

,-^^=10005 =>?,„= 8 e - y 

Cac dir lieu tiiu thap se dugc ddng bd va gui len 
may tmh de luu tru va xir ly. Trong tiiir nghiem, dir lieu 
dugc thu thap d dudng bao san golf Him Lam (canh 
San bay Tan Son NhM). Doan dudng khoang 4 km, 
dugc di theo dudng eong khep kin, ciing mgt dia diem 
bat dSu va kit thiic; fren doan dudng cd 4 lan re hudng 
va 2 lan quay dSu xe, thdi gian idy mSu la 432,07 s. 
Hinh 4 md ta quy dao tham khao fren Google Earth. 

Hinh 5 quy dao uac lugng theo LC21 vd TC23 

Bdng 3 sai so theo LC2I khi tin hi?u ve unh on d}nl 

v i tri (m) 

Van t6c (m/s) 

Sai so RMS 

East 

0,2058 

0,1275 

North 

0,2040 

0,1333 

Up 

0.0517 

0,0769 

•6 theo TC23 khi tin hi$u ve tinh dn Hnh 

Vi tri (m) 

V |n toe (m/s) 

Sai so RMS 

East 

3,0668 

0,1709 

North 

4,6046 

0,1723 

Up 

11,5206 

0,2829 

Hinh 4: quy difo tham khdo tren Google Earth 

Tir cac ket qua fren ta thay rang, sai sd RMS cua vi 
tri theo hudng East va North ciia thuat toan TC23 so 
vdi quy dao tham khao tucmg ddi nhd va cac quy dao 
chdng kbit len nhau (hinh 4). Xet ve do cao, ket qua 
thuat toan LC21 bam sat theo quy dao tham khao han 
quy dao tu thuat toan TC21. Cd the giai thich nguyen 
nhan cho dieu nay la cac ngudn gay ra sai sd GPS 
vSn chua dugc hieu ehinh tdt nhat dan den sai s i ciia 
khoang each ve tinh PR va tfin sd Doppler, bdi dilu 
kien mdi trudng xung quanh va su thay ddi thuc t l 
cua bSu khi quyin frai ddt. Tuy nhien, nhu ban dau da 
de cap, neu tin hieu ve tinh chat lugng tdt thi phuang 
phap kit hgp long cd thi cho kit qua rit tit; nhung d 
nhiing nai tin hieu ve tinh khdng In dinh thi phuang 
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phap nay khdng dat do tin cay cao vi liic dd nd phu 

thugc vao chat lugng cua md hinh INS. Do dd, de danh 

gia tdt han 2 phuang phap nay, ta kiem fra chiing khi 

tin hieu ve tinh bi mat. 

Trudng hgp tin hieu GPS hi mat va sd ve tinh nhan 

dugc < 4, ta sir dung dir lieu thu thap dugc va lam mat 

GPS fren mdt sd doan dudng (ca dudng thang lan nga 

re). Sau do, ca 2 thuat toan dugc thuc hien va kiem fra 

sai sd theo cac hudng East-North-Up de danh gia thuat 

toan. Hinh 6 md ta nhiing doan dudng GPS hi mat, vdi 

mau do bieu diln cd tin hieu GPS, mau den bieu dien 

mit GPS. 

Trong trudng hgp bi mat GPS, uu diem cua thuat 
toan TC23 la v5n sir dung gia tri do ludng ciia mdt sd 
ve tinh, frong khi dd thuat toan LC2I khdng sir dung 
dugc gia tri nao cho md hinh do ludng va chi phu 
thupc vao do chinh xac cua md hinh INS. Chinh vi the, 
frong trudng hgp nay, ta danh gia 2 thuat toan LC21 va 
TC23 khi GPS chi cdn nhan dugc tinh hieu ciia 3 hoae 
2 ve tinh. 

Khi thiet bi thu chi nhan dugc tin hieu cua 3 ve tinh, 
ket qua udc lugng tir 2 md hinh dugc bieu diln d cac 
hinh 7-9 va bang 5, 6. 
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Hinh 8- sat so vf tri theo LC21 vd TC23 khi nhgn 3 ve linh 
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Hinh 9 sai so vgn tdc theo LC21 vd TC23 khi nhgn 3 v? tinh 

Bdng 5 sai s6 theo LC21 khi nhgn dn hi^u 3 ve tinh 

Vl tri (m) 

Van toe (m/s) 

Sai so RMS 

East 

20,0751 

3,6610 

North 

25,5909 

3,8624 

Up 

18,2401 

5,5753 

SO theo TC23 khi nhdn lin hieu 3 vi tinh 

Vi tri (m) 

Van toe (m/s) 

Sai si RMS 

East 

17,2389 

3,2313 

North 

13,0869 

2,2047 

Up 

21,1925 

2,6002 

Hinh 7: quy dao theo LC21 vd TC23 khi nhdn 3 ve tmh 

Trong trudng hgp chi cdn nhan dugc tin hieu 3 ve 

tinh, tir cac kit qua d fren ta thiy tiiuat toan TC23 tot 

han so vdi LC2I, quy dao udc lugng tu thuat toan 

TC23 bam vao quy dao tham khao nhieu han, nhu 

frong cac hinh 7-9; tat ca cac gia fri sai sd vl vi tri va 

van t ie (dugc neu frong hang 5,6) cua thuat toan TC23 

dlu nhd han sai s i cua md hinh LC21. Tir dd cho thiy, 

frong trudng hgp chi cdn tin hieu 3 vd tinh thi md hinh 

TC23 tdt han va dang tin cay han md hinh LC21. 

Khi thiet bi thu chi nhan dugc tin hieu ciia 2 \B tinh, 

ket qua udc lugng tir 2 md hinh dugc bieu dien d eac 

hinh 10-12 va bang 7, 8. 
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Hinh 10. quy dao Iheo LC21 vd TC23 khi nhdn 2 v? tinh 
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ic (Aeo Z,C2/ vd TC23 Idu nhdn 2 v? dnh 

so Iheo LC2I khi nhdn ti 

Vi tri (m) 

van toe (m/s) 

Sai so RMS 

East 

20,0751 

3,6610 

North 

25,5909 

3,8624 

Up 

18,2401 

5,5753 

SO theo TC23 khi nhdn lin hi^u 2 ve tinh 

Vi tri (m) 

Van toe (tn/s) 

Sai so RMS 

£05^ 

1,8862 

0,2241 

North 

4,2944 

0,5538 

Up 

10,4788 

1,7025 

So sanh kit qua trong trudng hgp chi cdn tin hieu 
cua 2 ve tinh so vdi cdn 3 ve tinh, thi rd rang chat 
lugng ciia thuat toan TC23 khdng tdt han va cac sai 
sd tang len, ehiing td anh hudng cua sd lugng ve tinh 
frong md hinh. Tuy nhien, neu xet vdi thuat toan LC21, 
thi tir bang 7 va 8 cho thay chat lugng ciia thuat toan 

TC23 van tdt han so vdi LC21. Hinh 13 la bieu do sai 
sd RMS ciia 2 md hinh LC21 va TC23, tu dd cd the 
danh gia 2 md hinh mgt each true quan han. 

Hinh 13 bieu do sc d hinh LC21 vd TC23 

Ket luan 

Trong bai bao nay, nhdm tac gia da xay dimg dugc 
md hinh tich hgp GPS/INS theo ca 2 phuong phap kit 
hgp ldng va ket hgp chat. Nhdm nghien ciiu ciing da 
xay dung dugc he thdng thu thap dii lieu de danh gia 
md hinh, giai ma dugc cac thdng tin GPS can thiet va 
hieu chinh sai sd ciia nd. Tuy nhien, viec giai quyet anh 
hudng ciia cac sai sd do mdi trudng xung quanh van 
chua triet de; dieu do dugc chiing minh frong trudng 
hgp tin hieu GPS dn dinh md hinh ket hgp chat van cdn 
sai lech Idn hon so vdi md hinh ket hgp long. Trong 
trudng hgp thdng tm quy dao cua thiet hi thu bi mat, 
chi cdn nhan dugc tin hieu cua 3 hoae 2 ve tinh, thi ket 
qua udc lugng ciia md hinh tich hgp theo ciu true kit 
hgp chat tdt han cau tnie ket hgp ldng. Chit lugng cua 
md hinh ket hgp chat phu thugc vao sd lugng ve tinh 
ma thiet hi thu GPS nhan dugc, neu sd ve tinh cang Idn 
thi do tin cay cua mdi trudng cang cao. 

Loi cdm ffn 

Nhom nghien cim xin trdn trong cdm cm su ho tra 
cua Bo Khoa hoc vd Cong nghe thong qua di tdi ma so 
KC03.15/}}-15 vd Dai hoc Qudc gia TP Hd Chi Minh 
thong qua de tdi C2014-20-03. 
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