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Muc tiéu chinh ciia nghién ciru 1a thwe hién mot hé théng tich hop INS/GPS theo ciu tric tich hop chit
ng dung trong méi trudng do thi. Trong ky thuit tich hop nay, cac thong tin vé khoang cach cac vé tinh
PR va tin s6 Doppler quan sat dwoc tir thiét bi thu GPS sé dwoc xir Iy va tinh toan riéng ng véi moi vé
tinh, nhim xac dinh dwg'c mé hinh do luong ciia hé thong. Cac gia tri gia toc, vin tdc gbe va tir trudng tir
INS dwge sir dung nhu 1a moé hinh qua trinh cia hé théng. B0 loc Kalman mé rfng dugc thiét ké trén mé
hinh 23 bién trang thai dé wéc lwong vi tri, van toc, nhiéu nén INS va sai s6 xung nhip ciia thiét bi thu GPS.
Viéc thir nghiém dwgc thuc hién ngoai troi trong méi trwomg do thi khi tin hi¢u GPS bi mét ngiu nhién aé
danh gia dd chinh xac ciia hé thong. Két qua thir nghiém chi ra ring, hé thong tich hop theo ciu tric tich
hop chit chinh xac hon céu triic tich hop l6ng khi tin hiéu cac vé tinh khong di dé thiét bi thu xac dinh
quy dao va chi con nhan dwgc 2 hodc 3 vé tinh.

Tur khéa: by loc Kalman mo rong, tich hop chat GPS/INS, woc luwong toa dp.
Chi 56 phin logi 2.2

IMPLEMENTATION OF A GPS/INS Gio1 thigu

TIGHTLY-COUPLED SYSTEM APPLIED IN
URBAN ENVIRONMENTS

Summary

This 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 used for the 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/INS loosely-coupled integration.

Keywords: attitude estimation, extended Kalman filter,
tightly-coupled GPS/INS integration.
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Ngay nay, voi xu hudng nang cao do chinh
x4c va tinh 6n dinh trong linh vuc dinh vi dbi
tuong, hé théng tich hop GPS/INS tré thanh mot
dé tai nghién ctru rat phd bién. Hudng tiép can
nay giup dam bao tinh chinh xac trong viéc xac
dinh quy dao cua ddi twong khi thiét bi thu chi
nhan duoec tin hiéu tir 3 vé tinh tro xuéng va giip
han ché cac sai s6 quy dao theo thoi gian [1].
Hién tai, c6 3 kiéu tich hop cho hé thong GPS/
INS: tich hop 1ong (loosely coupled), tich hop
chat (tightly coupled) va tich hop cuc ky chat
(ultra-tightly coupled) [2]. Trong céu triic tich
hop 16ng, cac gia tri do vi tri va van tdc tir thiét bi
thu GPS sé tich hop véi mo hinh INS dé gidi han
sai s6 ctia mo hinh. Do d6, ngd ra cta hé thong
nay phu thudc nhiéu vao do chinh xac cua thiét
bi thu GPS, néu thiét bi thu GPS khong xéac dinh
duogc quy dao do bi che chin thi hé théng nay
s& mat on dinh chi sau mot thoi gian ngan [3].
Véi cau trac tich hop chat, hé thong s& khong
sir dung két qua tinh todn quy dao tir thiét bi thu
GPS, ma no s& nhdn cac gia tri gbc cua timg vé
tinh truyén xudng thiét bi, bao gdbm khoang cach



vé tinh va tan s6 Doppler. T cac gia tri do nay, thuat
toan udc luong PVT dugc st dung dé xac dinh mo
hinh do luong cho hé thdng [4]. Thach thic 16n nhat
cua phuong phap nay la phal Xu Iy tot viéc khir nhiéu
ctia tin hiéu vé tinh truyén xuong nham dam bao do
tin cdy ctia mé hinh do luong. Néu giai quyét tdt thach
thirc nay, chiing ta s€ cai thién dugc sai s6 va do tin
cdy ciia hé thong khi ddi tuong di vao ving tin hiéu vé
tinh khong 6n dinh va s6 vé tinh nhan dwoc nho hon
bdn vé tinh [5].

Trong vai nam trd lai day, hé thong tich hop GPS/
INS dé dugc cac nha nghién clru trong nudc xay dung
va tmg dung vao thuc té. Tiéu biéu nhat trong s6 nay
la dé tai KC06.02/06-10 “Nghién ctru, thiét ké, ché
tao thiét bi dinh vi vé tinh phuc vu giam sat, quan ly
phuong tién giao thong duong bo, duong sat” cia TS
Nguyén Thanh Hai, Truong Pai hoc Giao thong Van
tai. Tuy nhién, cung vdi cac cong trinh khac, phuong
phap tich hop sir dung trong hé théng 1a phuong phap
tich hop 16ng. Chinh vi thé, trong bai bao nay, hé thong
tich hop INS/GPS theo cau tric tich hop chat dugc xay
dung va thtr nghi€ém trong moi truong do thi, noi ma
tin hiéu GPS bi che chin va bi gian doan ngau nhién
khi déi tuong di chuyén.

Nghién ctru ndy duoc phan thanh 2 phan chinh: thir
nhit 13 xdy dyng va thyc hién thuit toan uéc luong
trong hé thdng tich hop INS/GPS trén méi truong
Matlab; thir hai 1a xdy dung hé thong thu thap dir liéu
trén nén vi xir Iy dé kiém nghiém va danh gia. Hé
théng thtr nghiém duogc xay dung dua trén cac thiét bi
gia thanh thap: thiét bi thu GPS U-blox 6 va cam bién
quan tinh ADIS16405 duoc st dung lam cac thiét bi do
trong mo hinh GPS va INS twong tng. Cam bién c6 tdc
dd cap nhat 100 Hz, dugc st dung dé udc luong vi tri
va hudng cua vat; viéc udc lugng hudng s€ dugc thuc
hién boi 2 b loc Kalman dya trén cac gié tri ngd vao
gia toc, van toc goc va tir truong [6]. Thiét b1 thu GPS
cung cap gia tri goc tu tin hiéu vé tinh véi tan so cap
nhat 1a 5 Hz. Nhitng dit li¢u thtr nghiém duogc thu thap
khi d6i tugng di chuyén ngoai troi sé& dugc dua vao bd
wdc luong dé danh gia chat luong cua hai ciu tric tich
hop chét va tich hgp 1ong.

M hinh tich hop GPS/INS
Céu triic mé hinh INS

Bai toan INS dat ra 1a phai xac dinh quy dao chuyen
dong cua vat dua trén cac gia tri gia toc va van tbe gbc
gri vé. M6 hinh chuyén dong cua d6i tuong trong hé
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toa d6 ENU duogc dua ra trong nghién ctru cua Shin
2001 [7]. Tuy nhién, trong mo hinh INS cuta cac nghién
ctru nay, ma trgn xoay DCM duogc cap nhat truc tlep tur
cac gia tri gia toc va van tbc goc cua cam blen dong
thoi phu thudc vao vi tri va van tde ngd ra, dan dén sai
s6 16m va tich lily theo thoi gian. Chinh vi thé, trong
nghién ctru nay, mo hinh INS nhu m6 ta ¢ hinh 1 dugc
thay ddi v&i mot bd ude luong hudéng doc lap dé xac
dinh ma tran xoay DCM lam cho sai s6 ngd ra khong
anh huong dén ma tran nay, nhitng vu diém khi st
dung két hop bo udc lugng hudng duge néu trong tai
liéu tham khao [8].
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Hinh 1: thudt toan INS

M06 hinh chuyén dong cua ddi tuong trong hé toa do
ENU dugc biéu dién nhu sau [9]:

P D" (1)
=R (200 4 ) g 2)
R} 0
’ Ry (%, 92, 3)
Trong do:

e Phuong trinh (1): r*=[p X &] la vi tri dia 1y cua
déi tuong, gém vi dgf), kinh ,d(f) va dd cao,
v'=[V; Vy V] la van toc cua doi twong, D la ma
tran chuyef:n ddi van toe trong hé truc ENU sang tde
do thay doi trong h¢ toa d6 dia ly.

e Phuong trinh (2): +" 1a gia tdc trong hé truc ENU,
/" la véc to gia tdc do duge tir cam bién, g" la véc
to gia toc trong truong, 7 1a ma tran chéo cua véc
to o? (toc d0 quay cua trai dat biéu dién trong hé
truc ENU), Q7 1a ma tran chéo ciia véc to wf, (toc
d()q quay cua hé truc ENU ung véi hé truc ECEF
biéu dien trong h¢ truc ENU).

e Phuong trinh (3): Q% 1a ma tran chéo cua véc to o,
(1a toc do quay gﬁa hé truc body-frame rng voi hé
truc ECI biéu dién trong hé truc body-frame), 2, 1a
ma trin chéo cuia véc to «?, (1a toc do quay ctia hé
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truc ENU ung voi h¢ truc ECI biéu dién trong hé truc

body-frame).

Vi cac thiét bi hoat dong trén mién thoi gian rdi rac
nén vén tdc va vi tri ciia d6i twong chuyén dong duoc
roi rac hoa véi thoi gian 1y mau Az nhu sau [10]:

Via =V AV v VAL

4
nay=r +0.5D(v,f +v,’§+1)At )

Cau triic tich hop chdt

Trong bai bao nay, phuong phap tich hop GPS/INS
theo céu truc tich hop chit duoc thuc hién voi 23 bién
trang thai va st dung bd loc Kalman dé uoc lugng cac
bién trang thai nay. Hai m6 hinh dugc dua vao bd loc
bao gém: mo hinh qua trinh dugc thiét lap dua trén moé
hinh dong hoc INS va mé hinh do luong dua trén mo
hinh GPS PVT [11] dugc xac diﬁh tir cac thong s cua
ting vé tinh. CAu triic cuia mo hinh duoc néu ra & hinh
2. Trong cdu hinh nay, PR va PR tuong tng la khoang
cach vé tinh dén thiét bi thu va téc do thay doi ctia no.

Phuong trinh trang thai cua mé hinh qua trinh duogc
biéu dién nhu sau:

)

x=Fx+Gu

Vi F'1a ma tran dong hoc mo hinh, x 1a véc to trang
thai, G 1a ma tran dau vao nhidu mé hinh, u 1a véc to
nhidu do luong trong cam bién quan tinh. Biéu thirc

ctia chiing duoc biéu dién bén dudi:

Hiéu chinh vi trf, van toc va hudng cua INS
¢ Hi¢u chinh bias, scale factor ciia IMU
L . Vi trd, van te va hudng
MU Gia toc Thuat toan R
[Van toc goc, INS
tir truong PRy PRy
Vé tinh Boloc
Kalman
/)
s PR, Doppler, | Thujt toan GPS PVT
Tham sb quy GPS
dao vé tinh ) Hiéu chinh clock bias, clock drift
Hinh 2: cdu triic tich hop chat
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bx=0P" &' € 6b, 8b,0S, 5, O[cty,) 5(ctt,, )]T (6)

FPP FPv FPs 03x3 03,\'3 03,\'3 03x3 03xl 03x1

EfP Fvv E’E R[:] 03x3 R}’; . Fh O3x3 03xl 03x1

FsP Fsv E: 03x3 Rb” 3x3 Rbnwzll; 03x| 03x1

03x3 0313 03.r3 6sz 03,r3 03x3 O}x} 0311 03x1 (7)
F: 03,r3 03x3 0313 03x3 ﬁbg 03x3 0313 031(1 03x1

03,\'3 03x3 03x3 03x3 0? x3 ﬁsa 03x3 03X1 03;—1

03):3 03x3 03x3 03x3 031{3 03x3 ’655’ 03x1 03x1

01.\'3 01x3 01,\:3 0113 01x3 01x3 01x3 1 0

01x3 le} Ol,r} 01x3 01x3 01x3 01x3 0

O3x3 03x3 03x3 03x3 03x3 O3x3 le} 01x3

RZ 03x3 03x3 03x3 03x3 03x3 01x3 01x3

O3x3 le 03x3 03x3 03x3 03x3 le} 01x3

O3x3 03x3 ISxS 03x3 03(3 03x3 01x3 01x3
G=|0;; O35 O35 Ly 05 0550,5 0, (8)

O3x3 03x3 03x3 03x3 I3x3 03x3 01x3 01x3

O3x3 03x3 0313 03x3 03x3 [3)(3 le} 01x3

01x3 le} 01x3 01x3 01x3 01x3 1 0

01x3 01x3 01x3 01x3 01x3 01x3 0 1

Vector trang thai bao gém: sai sb vi tri 6P*, sai sb
van téc & trong hé truc ENU, sai sd hudng €, sai sb
bias cua gia téc 6b, va van téc goc éb, , sai s6 scale
factor ctia gia toc 55, va van tdc goc éS, , clock bias

8(cbt,4,) va clock drift §(cét,,) cua thiét vi thu.

Vector u# 1a nhicu trang, va ma tran hi¢p phuong
sai ctia nhiéu dugce xac dinh nhu sau:

@) (9)
g=22 (10)

-
Véi ola d6 1é€ch chuan cua nhicu, 7 1a thoi gian

O =diag(q, q. Dy s D

tuong quan, 9u>9; > ea>9ss » 4a-95: 1a phurong sai cua gia
tdc, van toc g6c, bias va scale factor ctia ching. Cac
gia tri nay duoc xac dinh tur dac tinh cam bién cta nha
san xuét.

Tiép theo, m6 hinh do luong dya trén mo hinh GPS
PVT [12], duoc biéu dién nhu sau:

[ i) ] oo

- Zpi PR Epi

Trong d6, H 1a ma tran dinh hinh, z 1a vector do luong,
e 1a nhiéu do luong c6 ma tran hiép phuong sai R, ;
PR VA PR twong ung l1a khoang cach vé tinh do va tdc
do thay ddi cua no.
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PR— PR,y

o | -
=7 PR—PR (12)

Sau khi thanh 1ap dugc 2 mo hinh cia hé thong, bo
loc Kalman dugc str dung dé tich hop 2 mo hinh véi
nhau, nham uéc luong véc to trang thai; tir d6 xac dinh
duoc cac gia tri hiéu chinh sai s6 cho hé théng. B0 loc
Kalman 1a cong cu dugc ung dung rong rai trong cac
bai toan khir nhiéu trong hé théng do luong. Qua trinh
thuc hién cua bd loc dugc chia lam 2 giai doan: giai
doan tién du bao cac trang thai (the prediction stage)
va giai doan cap nhat trang thai (the update stage). Cac
giai doan thyc hi¢n nay duoc khai quat trong bang 1.

Bang 1: cdc giai doan thuc hién bg loc Kalman
B . -1
K, =k HkT (Hch HkT +Rk)
Prediction i A .
stage X =X +K, (Zk —Hx; )
b= (I*Kka>P/:
Update Xy = AX, + Bu,
stage P, =A4P A" +0,

Ciu tric tich hop long

Bai bio nay dua ra cau trac tich hop long nham so
sanh voi cdu trac tich hop chat. Vi cau trac nay, bién
trang thai cua mo hinh chi con 21 trang thai, bo qua
clock bias va clock drift cta thiét bi thu va khong thé
hiéu chinh thuat toan GPS. M6 hinh qua trinh va mo
hinh do luong cta hé thong dugc mé ta nhu sau:

¥=Fx+Gu

z=Hx+e ( )
O day,
s
- Con o n . - - .
sx=[oP" &' € &b, b, &S, 6S,] (14)
Fop £y, Fp. O35 0545 05,5 Os.5
Fp F, F. R 0y R.f" 05,
Fop £, £ 03,3 Ry 05,3 Ry oy,
F =053 03,3 03,5 /8/7(1 03,5 05,5 05,5 (15)
Os.3 O35 055 055 5, O35 O35
O3 Os5 055 055 O5g Bia 05,3
Osis O35 Os5 05z 055 05,3 Bie
O3,z 055 O35 055 O35 05
Ry 03,5 O35 055 O35 Os5
Oi.3 Ry Os.3 05 05z 0545 (16)
O =105 O35 15 05 O3 055
03,5 035 053 f33 053 O3
O35 055 055 O3 I35 Os
Os.s O3 05z O3 O35 [
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sz =|om ™ a7
ZGPS_ZINS

:[3,1(3 03x3 03x15 (18)
03\'3 I}x} 03”5

Trong do, ma tran h1ep phuong sai nhiéu mé hinh 0,
dugc tinh giéng nhu cu tric tich hop chit. Bén canh
doz ma tran hlgp phuong sai R, cia nhiéu do luong c6
the tim dugc bang thyc nghiém tr vié¢c thu thap dir licu
tai mot vi tri ¢6 dinh:

(19)

Rk - dlag (O—lzat;o-lzat;a-izt;a_vn’o—ve’o- )

Trong trudng hop nay, bd loc Kalman van duoc str
dung d€ udc lugng cac bien trang thai dé hi¢u chinh lai
cac sai sO cua h¢ thong.
Mo hinh thi nghiém

Cam bién quan tinh duoc sir dung 1a thiét bi
ADIS16405. Céc thanh phan chinh cia IMU dugc néu
trong bang 2.

Bang 2: théng s6 co ban ciia ADIS16405

Accelerometer Gyroscope
Bias offset (mg) 50 Bias offset 3
(/s)
Bias drift (mg) 0,2 Bias drift 0,007
(/)
Scale factor 50 Scale factor 40
(PPM/°C) (PPM/°C)
Output noise 0,9 Output noise 0,9
(mg) ( /s>
Density noise 0,05 | Density noise 0,05
(mg/x/E) (”/s/\/g)

Cam bién ADIS16405 c6 kich thude nhé va nhe; co
thé cung cép cac gia tri bu sai s6 cua gia toc va van toc
goc theo nhiét d6. Tam do gia toc va van toc goc cua
cam bién twong ng 1a 18 g va 300%s; dir lidu truyén
cua IMU gom c6 gia toe gbc, van toc goc tr truong
va ap suat. Dit liéu truyen thong qua chuan tmyen SPI.
Trong thir nghiém nay, tbe do cap nhat dir li€u cua
IMU duorc cai dat 1a 100 Hz.

Thiét bi thu GPS sir dung thiét bi ciia U-blox, ma
thiét bi 1a LEA-6T-1-001. Thiét bi nay chi c6 kha ning
thu duoc tan s6 L1. Trong thir nghiém nay, tc do cap
nhat dir liéu cua GPS duoc cai dat la 5 Hz.

Céc dir lidu tir cam bién quan tinh va thiét bi thu
s& dugc 1iy dong bo thong qua vi xir Iy ARM Cortex

42



M4 (STM32F4); sau khi dit liéu dugc xur 1y dong bd
s€ duoc truyén 1én may tinh luu trix dé thuc hién thuat
toan. Thiét bi tich hop duoc két ndi thanh khdi va dong
g6i nhu trong hinh 3.

Hinh 3: thiét bj INS/GPS (trdi) - Ublox6 GPS (phdi)

Tir cac thong sd ciia cam bién quan tinh trong tai
liéu cua ADIS16405, ta xac dinh dugc cac gia tri ciia
ma tran hi€¢p phuong sai O, nhu sau:

4, :0,5(mg/\/E):5e—4(g/\/E)
q, :0,05<0/S/\/E)
a,, = 0,2(mg) = 2e—4(g) = 0,002(m/ s*)

Ty, = 200s =q,, =4e—38

T4 = 0,007(°/s)

Thy = 300s =Gy = 3,27e—7
a,, =40(PPM /° C).40(° C)=1600(PPM)
7,, = 1000s =q, =5,12e—-9
7,, =50(PPM /° C).40(° C) = 2000(PPM)
7,, =1000s =q,, =8e—9

Céc dir liéu thu thap s€ dugc d@)ng bd va gui 1én
may tinh dé luu trit va xur ly. Trong thir nghi¢m, dit liéu
dugc thu thap ¢ duong bao san golf Him Lam (canh
San bay Tan Son Nhat). Poan duong khoang 4 km,
dugc di theo dudng cong khép kin, cing mét dia diém
bat dau va két thuc; trén doan dudng ¢ 4 lan r& hudng
va 2 lan quay dau xe, thoi gian lay mau la 432,07 s.
Hinh 4 m6 ta quy dao tham khao trén Google Earth.

Google

Hinh 4: quy dao tham khao trén Google Earth
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Thuc nghiém va két qua

Pé danh gia 2 thuat toan tich lgp 1ong 21 bién trang
thai (LC21) va tich lop chat 23 bién trang thai (TC23),
nhém nghién ctru di kiém tra chung trong 2 truong
hop khi tin hiéu GPS 6n dinh va khong 6n dinh.

Trudng hop tin hiéu thu GPS 6n dinh, két qua nhan
duoc tir 2 thuat todn dugc néu ra trong hinh 5, bang
3 va 4. Buong mau dé “ref” 1a quy dao tham khao,
duong mau xanh luc la quy dao udc lugng tr thuat
toan LC21 va dudong mau xanh 14 1a quy dao udc lugng
tur thuat toan TC23.

T T T T T T
. L2
e00 - - TC3
H + ot

Northir)
.
8

Rto) | i i L
200 0 200 a0 ) 00 1000

i
1200 1400

Hinh 5: quy dao woc lwong theo LC21 va TC23
Bang 3: sai 56 theo LC21 khi tin hiéu vé tinh én dinh

Sai s6 RMS
East North Up
Vi tri (m) 0,2058 0,2040 0,0517
Vian toc (m/s) 0,1275 0,1333 0,0769
Bang 4: sai 56 theo TC23 khi tin hiéu vé tinh én dinh
Sai s6 RMS
East North Up
Vi tri (m) 3,0668 4,6046 11,5206
Van téc (m/s) 0,1709 0,1723 0,2829

Tir cic két qua trén ta thy rang, sai s6 RMS cua vi
tri theo hudng East va North cua thuat toan TC23 so
v6i quy dao tham khao twong d6i nhé va cac quy dao
chdng khit 1én nhau (hinh 4). Xét vé d6 cao, két qua
thuat todn LC21 bam sat theo quy dao tham khao hon
quy dao tir thuat toan TC21. C6 thé giai thich nguyén
nhan cho diéu nay 13 cac ngudn giy ra sai s6 GPS
van chua duoc hiéu chinh t6t nhat din dén sai sb cua
khoang cach vé tinh PR va tan sé Doppler, boi diéu
kién moi truong xung quanh va sy thay doi thuc té
ctia bau khi quyén trai dat. Tuy nhién, nhu ban dau da
dé cap, néu tin hiéu vé tinh chat luong tbt thi phuong
phap két hop 1ong c6 thé cho két qua rét tot; nhung &
nhitng noi tin hiéu vé tinh khong 6n dinh thi phuong



phap nay khong dat do tin cdy cao vi luc dé né phu
thudc vao chat lugng cua mo hinh INS. Do do, dé danh
gia tot hon 2 phuong phap nay, ta kiém tra chung khi
tin hidu vé tinh bi mat.

Trudng hop tin hiéu GPS bi mat va sb vé tinh nhan
duoc <4, ta st dung dir li¢u thu thap dugc va lam mét
GPS trén mét s6 doan duong (ca duong thang 1an nga
ré). Sau do, ca 2 thuat toan dugc thuc hién va kiém tra
sai s6 theo cac hudng East-North-Up dé danh gia thuat
toan. Hinh 6 mo ta nhitng doan duong GPS bi mat, v6i
mau do biéu dién co tin hi¢u GPS, mau den biéu dién
mét GPS.
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Hinh 6: vi tri GPS bi mdt (mau den)

Trong trudng hop bi mat GPS, wu diém cua thuét
toan TC23 1a vin str dung gié tri do luong ctia mot s6
v¢ tinh, trong khi do thuét toan LC21 khong st dung
duogc gia tri nao cho md hinh do luong va chi phu
thudc vao do chinh xac ciia mé hinh INS. Chinh vi thé,
trong truong hop nay, ta danh gia 2 thuat toan LC21 va
TC23 khi GPS chi con nhan duoc tinh hi€u cua 3 hodc
2 vé tinh.

Khi thiét bi thu chi nhan duoc tin hiéu ctia 3 vé tinh,
két qua woc lugng tir 2 mé hinh dugc biéu dién & cic
hinh 7-9 va bang 5, 6.
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Hinh 7: quy dao theo LC21 va TC23 khi nhdan 3 vé tinh
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Hinh 8: sai s6 vi tri theo LC21 va TC23 khi nhdn 3 vé tinh

1 T T T o .
% Hf- P TR i o TR T L]
g ?

& DJJVW_AMF_ﬁ ]

£ 1 1 Il Il

0 00 1000 1500 2000 A0
T - -
W S —— ——
g :
i 1 I i I
0 200 1000 1500 2 50
5 T T .
& -] i <
L = | .
> A
o 1 1 ] L -
0 500 1000 1500 M 2m

Tt (20rve)

Hinh 9: sai s6 van téc theo LC21 va TC23 khi nhdn 3 vé tinh

Bang 5: sai 56 theo LC21 khi nhan tin hiéu 3 vé tinh

Sai s6 RMS
East North Up
Vi tri (m) 20,0751 25,5909 18,2401
Van toc (m/s) 3,6610 3,8624 5,5753

Bang 6: sai 56 theo TC23 khi nhan tin hiéu 3 vé tinh

Sai s6 RMS
East North Up
Vi tri (m) 17,2389 13,0869 21,1925
Van téc (m/s) | 3,2313 2,2047 2,6002

Trong truong hop chi con nhan duoc tin hi¢u 3 vé¢
tinh, tir cac két qua & trén ta thdy thuat toan TC23 tot
hon so véi LC21, quy dao udc luong tur thuat toan
TC23 bam vao quy dao tham khao nhidu hon, nhu
trong cac hinh 7-9; tat ca cac gia tri sai $6 vé vi tri va
van toc (dugc néu trong bang 5, 6) cua thuat toan TC23
déu nho hon sai s6 cia m6 hinh LC21. Tir d6 cho thay,
trong truomng hop chi con tin hiéu 3 v¢ tinh thi mo6 hinh
TC23 tt hon va dang tin cay hon mé hinh LC21.

Khi thiét bi thu chi nhan dugc tin hiéu cta 2 vé tinh,
két qua wdc luong tir 2 mé hinh dwoc biéu dién ¢ cac
hinh 10-12 va bang 7, 8.
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Hinh 10: quy dao theo LC21 va TC23 khi nhdan 2 vé tinh
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Hinh 11: sai s6 vi tri theo LC21 va TC23 khi nhén 2 vé tinh
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Hinh 12: sai s6 vdn téc theo LC21 va TC23 khi nhdn 2 vé tinh

Bang 7: sai 56 theo LC21 khi nhdn tin hiéu 2 vé tinh

Sai s6 RMS
East North Up
Vi tri (m) 20,0751 25,5909 18,2401
Van tbc (m/s) 3,6610 3,8624 5,5753

Bang 8: sai s6 theo TC23 khi nhan tin hiéu 2 vé tinh

Sai s6 RMS
East North Up
Vi tri (m) 1,8862 4,2944 10,4788
Van tdc (m/s) 0,2241 0,5538 1,7025

So sanh két qua trong trudng hop chi con tin hiéu
cua 2 v¢€ tinh so voi con 3 v¢ tinh, thi r6 rang chét
lugng cua thuat toan TC23 khong tdt hon va cac sai
s6 tang 1én, chimg t6 anh hudng ciia s6 lwong vé tinh
trong mo hinh. Tuy nhién, néu xét voi thuat toan LC21,
thi tir bang 7 va 8 cho thiy chét luong cua thuit toan
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TC23 van tét hon so véi LC21. Hinh 13 1a bicu db sai
s6 RMS cua 2 md hinh LC21 va TC23, tir d6 c6 thé
danh gia 2 m6 hinh mot cach tryc quan hon.
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Hinh 13: biéu do sai s6 RMS ciia 2 mé hinh LC21 va TC23
Kéet luan

Trong bai bao nay, nhom tac gia da xay dung dugc
mo hinh tich hop GPS/INS theo ca 2 phuong phap két
hop 16ng va két hop chit. Nhom nghién ciru ciing da
xdy dung dugc hé théng thu thap dit liéu dé danh gia
mo hinh, giai ma dugc cac thong tin GPS can thiét va
hiéu chinh sai s6 ctia no Tuy nhién, viéc giai quyét anh
hudng cia cac sai s6 do méi trudng xung quanh van
chua triét dé; didu d6 duoc chimg minh trong truong
hop tin hiéu GPS 6n dinh mé hinh két hop chit van con
sai 1éch 16n hon so véi mé hinh két hop 1ong. Trong
truong hop thong tin quy dao cua thiét bi thu bi mat,
chi con nhan duge tin hiéu cua 3 hodc 2 vé tinh, thi két
qua udc luong ciia mé hinh tich hop theo ciu tric két
hop chit tot hon céu trac két hop 16ng. Chét lugng cua
mé hinh két hop chat phy thudc vao sb lugng vé tinh
ma thiét bi thu GPS nhan duoc, néu s vé tinh cang 16n
thi d¢ tin cdy cuia moi truong cang cao.
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ciia B6 Khoa hoc va Cong nghé théng qua dé tai ma sé
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