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Tém tit

Hé thdng dinh vi 1a mét phan nghién ctru co ban trong
cac linh vuc vé giam sat va diéu khién vét thé chuyén
dong. Trong bai b4o nay nhom dé xudt phuong phap
tich hop hé théng dinh vi dung thi giac lap thé va do
luong quan tinh. Nhdm x4y dung cac thuat toan doc
1ap cho timg hé sau do két hop long ding bod loc
Kalman mé rong dé tich hop lai. Gia tri uéc lugng
bao gdm vi tri va hudng cua vat thé trong khong gian
3D. Giai thuat da duoc trién khai trén phﬁn cing thuc
té va duoc 1ap trinh theo m6 hinh nhiéu tic vu chay
song song dé tan dung tdi da kha ning tinh toan cuia
CPU nhim ting tdc giai thuat dap Gmg duoc cc tng
dung thoi gian thuec.

Tir khéa: INS, Stereo vision, localization.

Abstract

Localization system plays a fundamental role in the
field of tracking and control moving objects. In this
paper, we propose an integrated localization algorithm
using stereo vision and inertial navigation system. We
develope independent algorithm for each sub-system
then fuse them into a loosely-couple scheme using
extended Kalman filter. Estimation data included
position, and orientation in 3D space. The method is
embedded in industrial PC and use paralell
programming model to boost the output data rate.
Keywords: INS, Stereo vision, localization.

Chir viet tat

INS Inertial Navgation System
MEMS Microelectromechanical systems
VO Visual odometry

1. Giéi thiéu chung hé thong dinh vi tich
hop
H¢ thong dan duong quéan tinh INS 1a hé thong dan
dudng sir dung cam bién gia tbc va cam bién van tdc
goc quay dé tinh toan vi tri, va huéng cia vat thé
chuyén dong ma khong ding thém bt ki ngudn thong
tin nao bén ngoai. Ban dau hé INS chi dugc su dung
trong quin su va hang khong. Dé ung dung k¥ thuat
nay vao linh vyuc robot di dong, cac nha nghién clru st
dung cac loai cam bién gia ré dung cong ngh¢ MEMS
cho chat lugng thip hon. Dleu nay dan dén sai s6 dinh
vi 16n do d6 dit ra yéu cau co su két hop véi mot loai
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cam bién khac dé ting do chinh xac. Cong nghé xir li
anh 1ap thé sir dung mot cdp anh dong thoi dé ude
luong chuyén dong. Vi d6 chinh xac ¢6 thé dat duge
nhu dung GPS hodc encoder nén né dugc dung tich
hop vai bo INS dé dinh vi trong cac méi truong mat
tin hiéu GPS. Trong nghién ctru nay, nhom dé xuat va
kiém nghiém phuong phéap tich hop nhiam xiy dyng
mot hé théng dan duong st dung hai loai cam bién
trén.

H¢ thong INS hoat dong theo nguyén ly ude lugng gia
tde chuyen dong cua vat thé. Pau tién ta phai tinh gia
tri gia tc chuyén dong ciia robot dya vao hiéu sb giira
gia tri thu dugc tir cam bién Accelerometer va hinh
chiéu ctia vector trong truong Trai Pit 1én robot. Sau
d6 ta tich phan hai 1an dé thu duogc quing dudng di
chuyén. _Phuong phép nay c6 uu diém 16n 1a ta co thé
phét trién thuat toan dinh vi doc 1ap vei chu tric co
khi ctia robot. Ta c6 thé chia sai s0 cua phuong phap
nay lam hai phan Dau tién 1a sai s6 hé théng: do chat
luong cam bién thap hodc 1éch truc tuong ddi gitra
IMU-mit dat, IMU-vat thé; Va sai sb ngoai hé théng:
do giai thuat udc lwong IMU chua t6i wu hay vat thé
di chuyén cham din dén gi4 tri nhidu chiém phan 16n
trong gia tri gia toc. Sai s6 hé thong s& duoc cai thién
nhd vao qua trinh can chinh hé thdng, va ting chat
luong cua cam bién [1]. Con sai s6 ngoai hé thong ¢
thé duoc cai thién nho ti wu giai thuat nhu st dung
b6 loc Kalman [2,3,4,5]. Ngoai ra ¢ thé tich hop
thém cam bién Magnetometer dé tang do chinh xéc
cho bd IMU. Tuy nhién viéc tich phan hai lan trén gia
tri gia tbc van s& gdy ra sai s tich lily 16n dan theo
thoi gian va Van chua thé 4p dung vao dinh vi [6]. Do
do dat ra yéu cau phai tich hop thém cam bién dé bu
lai sai s6 nay. P6 cung la li do cong ddng nghién ciru
vé hé dinh vi phai Kkét hop hé INS véi encoder & banh
xe, GPS hoac/va cong nghé x1r 1i anh dé tang do chinh
xac cho bd dinh vi.

Phuong phap dinh vi dung céng nghé xu 1i anh tur
camera goi 1a Visual Odometry (VO). Phuong phap
nay dang dwoc dung rong rdi vi gia thanh hop li dong
thoi khd nang mé rong céac tinh nang khac ngoai dinh
vi ctia camera 1a rat 16n. Vi du nhu dinh vi két hop lap
ban d6 SLAM, tranh vat can, do bién bao giao thong
[7,8]... Hé théng dinh vi ding cong nghé xir 1i anh c6
nhiéu vu diém vuot troi so v6i cac cong nghé khac: sir
dung dugc trong mdi truong trong nha 1dn ngoai troi;
cach ly dugc anh hudng boi hién tugng trugt cla
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robot; c6 thé tich hgp mé rong thém nhiéu chirc ning
khac nhu do dé tranh vat can, do va bam, xdy dung lai
ban d6 3D quing duong da di chuyén (3D SLAM).
Tat nhién bén canh d6 hé thong dinh vi ding cong
nghé xir 1i anh vin ¢ cac nhuoc diém dong thoi cling
la cac thach thuc dat ra cho viéc nghién ctuu nhu: hé
thdng dinh vi twong ddi nén phu thudc rat nhiéu vao
cac can chinh ban dau nhu vi tri, goc nghiéng, cac
thong sd ngi cia camera. Hon nira sai sO hé thong s&
tich lity theo thoi gian nén dit ra yéu ciu phai c6 thém
phan hiéu chinh lai vi tri sau mdt thoi gian dal di
chuyen nhay v&i nhidu tir cac ngudn sang: 1a van dé
ma tit ca cac hé thong xir 1i anh phai ddi mdt; phy
thuoc vao mirc do giau c6 clia mdi truong vé thong
tin: moi trudng cang nhiéu dic trung nhu cay cdi, do
vat... thi cang phu hop st dung cong nghé xtr li anh
[7.8].

Xt Iy anh 1ap thé (Stereo-Vision) 1a mot nhanh trong
cong ngh¢ dinh vi dung xu ly anh VO. Pay la cong
nghé tinh toan vi tri va huéng chuyén dong cia
camera (hay vat thé dugc gin camera) sir dung céc
cap anh lién tiép nhau. N6 1a mot phan trong hudng
nghién ctru 16n hon 1a tai dung lai moi truong 3D tu
chuyén dong camera (Structure-from-Motion). Ta
cling c6 thé st dung camera don tuy nhién nhugc
diém chinh cua camera don 1a chi wdc luong duogc
chuyén dong thanh céc gid tri twong ddi. Nhiéu
nghién ctru vé VO di chi ra rang trong cac diéu kién
cu thé sai s dat duoc cia hé c6 thé dudi 2% quang
duong di chuyén [15, 16]. Po chinh xac nay ching
minh tinh kha thi cia VO khi ding cho cac hé thong
dan duong. Nghién ciru cta Geiger [16] da trinh bay
mot giai thut hiéu qua dé wéc luong chuyén dong tir
hai cap anh lién tiép nhau trong thoi gian thyc. Sai s6
dat dugc tir phuong phap ctua Geiger [16] dugc nhom
phét trién va kiém nghiém khi chay theo vong tron c6
sai sO 16n nhét 1a 0.36m trén tong quang duong 15m
(2.5%). T két qua thir nghiém trén nhoém quyét dinh
str dung giai thuat VO nay cho stereo-camera. Va ngd
ra ctia hé VO sé& 1a dau vao cho md hinh do ludng cia
b6 tich hop.

Tom lai hé INS va VO riéng 1é ¢6 nhitng wu, khuyét
diém nhu: hé INS nhay voi nhidu khi ddi tugng hoat
dong & chuyén dong cham nhung cho ra két qua tbt
hon khi ¢ chuyén dong nhanh; hé¢ INS cho tde do cap
nhat rit cao vi giai thuft tinh toan tinh gon; h¢ VO ¢
thé woc lugng tot trong truong hop chuyen dong
cham, téc do cang nhanh thi cang dé mét cac déc
trung do d6 s& dinh vi khong hiéu qua. Dong thoi toc
dd cap nhat hé VO luén thap vi cac giai thuat xir 1i
anh chiém nhiéu thoi gian tinh toan. Nhu vay hé INS
v6i kha nang cho tan sb cap nhat cao, cung cép ma
trdn xoay chinh xac va gia toc ngoai trong truong hop
robot di chuyén toc do cao s& la giai phap bo trg tot
cho camera khi ma hau hét cac giai thuat xir 1i anh cho
tan s& cap nhat thap s& tao ra khoang tré khong phu
hop voéi céc bai toan dléu khién. Vi vay su két hop hai
h¢ thong nay 1a diéu can thiét & bd khuyét cac nhuoc
diém cia timg hé riéng 1¢ nhim dat d6 chinh xac cao
hon.
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C6 nhiéu phuong phap tiép can dé giai quyét bai toan
tich hgp hai hé théng nay nhung ndi chung chia lam
hai loai d6 la: cau tric két hop long (loosely- couple),

va cau trac két hop chit (tightly-couple). Trong cau
trac két hop chat cac budc dau qua trinh xir li anh
duge két hop luén vao qua trinh u6e lwong. Mot lya
chon phd bién 1a hd trg do cac diém dic trung [9, 10].

Hoic 1a dung thong tin tir IMU dé dua ra cac gidi han
vé ebipolar dugc p dung trong mot sd tmg dung thoi
gian thye [11,12]. Khac véi céu tric trén thi két hop
long phat trién riéng biét hai b INS va Vision, chay ¢
céc tan sb khac nhau va dua gia tri da xir 1i vé mot bo
loc trung tim dé két hop. Gid tri tir xir 1i anh lam dau
vao cho mo hinh do ludong cua bd tich hop. Thong tin
¢6 thé 1ay 1a vector dich chuyén va ma tran xoay ctia
hai frame anh lién tiép nhau [13,14]. Ciu trtic long c6
vu diém ndi bat 1a don gian hon va cho phép tach
riéng giai thuat xi 1i anh v6i gidi thuat tich hop. Mat
khéc nhiéu giai thuat VO da dat dén do chinh xac rét
cao nén nhom c6 thé tan dung lai dé nhanh chéng xay
dung hoan thién mdt bd tich hop dinh vi. Do d6 trong
nghién ctru ndy nhom quyét dinh s& ding ciu tric két
hop long dé tién hanh xay dyng va kiém nghiém bo
dinh vi két hop nay.
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Hinh 1. M6 hinh tich hop long hé thong dinh vi
H¢ thong tich hop nay co thé chay doc lap trong
truong hop dinh vi cuc bd hodc 1a hd trg cho cic bd
thu GPS chinh xé4c cao trong truong hop mét tin hiéu
vé tinh.

2. Phuwong phap thuc hién
2.1 H¢ do lwong quan tinh INS
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Hinh 2. So' d6 khoi bé woc lwong EKF thich nghi hai
tang

O day dé xay dung giai thuat cho riéng bo INS nhém
st dung giai thuat bd loc Kalman thich nghi mé rong
ding phuong phdap DCM da phat trién ¢ [20]. Giai
thuat hé INS bao gé)m 2 bd loc thich nghi m¢ rong
Kalman ndi tiép nhau. B6 AEKF1 s& uéc lugng ba gia



tri hang thtr ba trong ma tran DCM, va gia tdc ngoai
trén 3 truc. BO AEKF2 s& udc lugng ba gia tri hang
thir nhat trong ma tran DCM va nhiéu tir truong trén
ba truc. Hang con lai s& dugc suy ra dua vao tinh chat
tryc giao trong ma tran DCM.

Y&u cau cua cac phuong phap nay la phai co diéu kién
can dé “kich hoat“ b¢ thich nghi. O diéu kién thuong
(gia tdc ngoai nho hodc khong c6 nhiéu tir truong
ngoai) ta s& “ngét” bd nay ra khoi mo hinh (bang cach
thiét 1ap gia tri cac bién 1a 0); khi c6 diéu kién can ta
s “dong” cac bién nay vao mo hinh. Thong thuong ta
s¢ dung gid tri d6 16n 18 hi¢u s6 tong gia toc do dugc
s0 VGi tong gia tc khi ding yén va hi¢u s0 tong tu
trén ba truc so v6i tong tir ¢d dinh cua Trai Dét tai vi
tri dang xét. Néu gia tri hiéu nay vuot mot ngudng
cho trude thi s& “kich hoat bo thich nghi. Gia tri
ngudng néu qua 1on s& dan den hé thong cham thich
nghi véi diéu kién ngoai, con néu qua nho sé dan dén
hé thong nhay véi nhiéu.

Két qua ngd ra thir nghiém trén ban xoay ding
encoder cho d6 chinh x4c rat cao khoang 2° trén ca ba
goc Euler [20].

2.2 HE thi giac 1ap thé stereo-vision

Trong bai b4o nay nhém str dung giai thudt dugc trinh
bay ¢ [16] dé tién hanh thyc nghiém danh gia két qua
ctia hé dinh vi dung stereo-camera. Phuong phap dé
udc lugng chuyén dong ding stereo-camera (hay con
goi 1a visual odometry) c6 thé tom tit qua cac budc
nhu sau:

Budc 1: Do diém dic trung

Ngd vao cho giai thudt visual odometry la nhiing
diém dic trung do dugc giita bon anh (2 anh trai phai
va 2 frame éanh lién tiép nhau) nhur Hinh ?3
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Hinh 3. M6 hinh wéc hegng chuyén dong ciia Stereo
camera

Pé tim vj trf dic trung 6n dinh, bai bao st dung bd loc
ra cac ddc trung goc (corner) & ddm (blob). Sau d6 ap
dung thuit toan non-maximum- and non-minimum-
suppression trén anh va két qua cac dic trung phan
loai vao 4 class: blob max, blob min, corner max,
corner min.

Tir hai diém dac trung so sanh khdi cira s6 11x11 the
chiéu ngang va chiéu doc b0 loc Sobel stt dung SAD
(sum of absolute differences). Giai thuat udc lugng
chuyén dong bit dau bang matching nhirng dic trung
bén anh tréi hién tai véi dnh trai trude do trong vung
cira s6 MxM, sau dé tim téi &nh bén phai trudc do, sau
d6 toi anh phai hién tai, 10i lai anh trai hién tai. Viéc
do tim theo vong tron nay dam bao lay dugc dic trung
on dinh.
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Budrc 2: Uée lrgng chuyén dong
Ttr cac dac trung, ta tinh chuyen dong cua camera dya
vao tdi thiéu hoa ham sai sb
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Voi:

e pixel trén hé truc anh (u,v,1)
e tiéu cu camera f

e quangtam (c,,c,)

e ma tran xoay R

e vector dich t= (tx,ty,tz)

e diém trong mit phang 3D (X, Y, z)

e Dbaseline cua stereo S

St dung phép l@p Gauss-Newton t6i thiéu hoa ham
muyc tiéu 1a tong sai s cta hinh chiéu cac diém 3D
xudng lan lugt cac anh trai va phai dé tim ma tran
xoay va vector dich chuyén ¢ hai thoi diém bat anh
lién tiép nhau.

Y“x' o O(Xiir t)|| 4 ‘x:' (X, t)||
im} : ‘

Véip 1a ham chiéu vector diém 3D xubng mat phang
anh 2D. ]

Sai s0 dat dugc kiém nghiém tur phuong phap cia
Geiger [16]:
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Hinh 4. Thir nghiém chay vong tron theo phiong
phap cia Geiger [16]. Sai 56 lon nhat la 0.36m trén
tong quang dwong 15m (2.5%).

Tir két qua thir nghiém trén nhoém quyét dinh sir dung
giai thuat VO nay cho stereo-camera. Va ngo ra cua
hé VO s€ 1a dau vao cho mé hinh do luong cia b tich
hop.

3. Tich hgp hé thong
3.1 Can chinh h¢ thong
Trong nghién ciru nay dé tién hanh thyc nghiém nhom
phai str dung ba hé tryc trong cac hé théng bao gdm:
e INS: {1} ding NED
e GPS: {G} dung hé¢ ENU
e Stereo Vision: {V} dung hé cuc bo Decac XYZ
Do d6 dé tich hop hay danh gia cac hé théng dinh vi
khac nhau nay ta phai can chinh bang cach tim ma
tran chuyén doi gitra cac hé truc. Ma tran chuyén doi
day dii bao gom mot ma tran xoay va vector tinh tién.
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Viéc can chinh hé GPS/INS/Stereo-camera cd hai y
nghia. Y nghia d4u tién 1a nhom st dung tin hiéu GPS
la tin hiéu chuan (ground-truth data) dé so sanh va
danh gia hé INS/Stereo-camera. Y nghia thtr hai la
danh gia tinh kha thi cua viéc két hop hé stereo-
camera trong viéc hd trg hé GPS khi bg thu mat tin
hiéu. Pidu nay thuong xay ra khi ddi tuong hoat dong
& cac moi truong do thi hodc ving ciy cdi che khuat.
Phuong phap can chinh h¢ INS/Stereo st dung cong
cu can chinh hay ding cta cong dong xir li anh do
Bouguet phat trién [17]. Tiép theo ta chi can tim ma
tran chuyén giira hé¢ INS/Stereo-camera va GPS.
Nhiéu phuong phap khac nhau can chinh hai hé nay
dung giai thuat dé quy va khong can d¢ quy, trong bai
bdo nay nhom chon giai phap dung phuong phap
khong d¢ quy cu thé dung SVD (singular value
decomposition) [21]. Ngd vao cta thudt todn s 1a hai
bd diém tir hai hé truc, ngd ra s& 1a ma tran chuyén doi
giita hai hé. Két qua can chinh hai hé thong duoc trinh
bay trong Hinh 5 va Hinh 6.

GPS coordnane VN Coordnes
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Hinh 5. Hai dwong di chuyén trong hai hé truc GPS
va xit li anh trudc khi can chinh

Vision to GPS
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Hinh 6. Hai duong di chuyén trong hai h¢ truc GPS
va xit li anh sau khi can chinh vé chung hé Vision

3.2 Gidi thuft tichhgp o

M0 hinh tong quat cta h¢ thong tich hop bat dong bo:
= &p Ey Eal

X= &80V, aﬁ

Voi:

- Fp= gox, Py ng: vi tri clia camera trong khong

gian, trong truong hop nay hé quy chiéu 1a mat dat
v6i goc 0 la diem bat dau cua h¢ thong.
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. J , 9
- Bv= §,,V,,V,§ : van toc chuyén dong theo ba truc.

- fa,= §,.a,.a,§ : gia tbe chuyén dong (ta ki hidu
thém chir ‘e’ — external dé phan biét gia tri nay véi gia
tri gia toc tir cam bién Accelerometer).

Vi INS va Stereo camera c6 tan sb cap nhat khac nhau
va dé tang tdc do cap nhat lén tdi da bo wdc luong s€
chay ¢ tan s6 100Hz tring véi tan sb cap nhat cia
INS. Bién do ludng cap nhat bao gom day du gia tri vi
tri tinh tir Camera va gia toc ngoai tinh tir INS:

y = [pcam 1 aimuj

Nhung ¢ tan s6 100Hz hé thong ¢ thé c6 hai mode
cap nhat khac nhau tily theo gid tri ¢6 san khi d6 cta
céc cam bién. Cac kha nang co thé xay ra la:

yO = [pcam ! a'imuj
%= [ |

Mo hinh qua trinh: (Process model - ¢ day gia toc
ngoai dugc mo hinh thanh bd loc thong thap bac 1)

i Ege v
legr Eae )
feq=-1%

Tu (1) ta rat ra m6 hinh qua trinh nhu sau:

9 1 0

RO 0 1 Wx=fx 2
¢ v @
o

Mo hinh do luong: (Measurment model)
IPan=[ 0 OK
1
* Eaimu = [O O I]X
Ta rit ra mé hinh do luong & cac diéu kién khac nhau:
- 4
Yo = [pcam'aimuj ﬂ 0 oy = H ( )
Yo = W=
@ 0 I
i = [aimuj - [O 0 I]X_ H,x ®)
Tir md hinh trén ta tién hanh roi rac hoa dé ap dung
bd EKF [19] v6i phuong phap xap xi bac nhat
%Xk =+ )% = Fuxe
Vi = Hx = Hix

®)

(6)

Ma trdn covariance ciia nhiéu qud trinh: dugc suy ra
tr mo hinh qua trinh. Tuy nhién ¢ déy ta gia sir cac
thanh phan covariance trén ba truc x, y, z cta gia toc
ngoai 1a doc 14p nhau va la variance cta chinh no.

¢l 1 1 U
eéz—seaT2 EsfaT3 Esezaszl
€ y
1
Qk = gczs ezaT3 S eaT S eaT2 § (7)
g U
g_seza-r2 SeaTz Sea E

Ma tran covariance cua nhiéu do luwong: gia st chi co
thanh phan covariance trén dudng chéo.
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4. Thi nghiém

4.1 M hinh phén cirng

Nhém st dung bd GPS-RTK d6 chinh xac cfip cm la
gi4 tri chuan dé so sanh véi két qua bo tich hop.

Mot bo kit thi nghiém duoc xay dung bao gdm:

- Board may tinh céng nghiép NANO-HM®650: Intel
Core i5, 6 cting SSD 120GB duoc dung dé giup may
tinh chay 6n dinh vi hoat dong ngoai troi va dudi cac
diéu kién rung lic 16n, st dung hé didu hanh Window
XP SP3.

- Stereo camera Point Grey Bumblebee2: cac cap anh
xam duoc doc vao may tinh théng qua chuan Firewire
IEEE-1394.

- IMU Analog Devices ADIS16407: dir li¢u cua cac
cam bién gia tdc, van toc goc, va tir truong duoc lay
thong qua chuan SPI v&i tan s 100Hz, st dung mot
board vi diéu khién dé doc va truyén dir liéu nay lén
may tinh thong qua RS232.

- GPS RTK South d6 chinh xac cép cm: dir liéu doc
vao may tinh thong qua RS232 tan sé 10Hz dugc
dong bo véi dit ligu INS.

Dé thu gia tri chuan GPS chinh xéc ta phai di chuyén
hé ngoai troi. V61 muc tiéu ap dung cho cac hé robot
trong ndéng nghiép hodc xe ty hanh ngoai troi nén
nhom dit camera cao khodng 2m so v6i mat dét trén
mot xe kéo bang tay. Va dé han ché phan nira anh trén
chi chup béu troi khi dit camera cao thi phan cimg ¢
hiéu chinh camera nghiéng xuéng mot goc 30°.

Hinh 6. Phan citng xdy dwng hodn chinh

4.2 M hinh phan mém

Dé t6i wu thoi gian tinh toan va ting tdc chuong trinh

tich hop, phan mém dugc viét hoan toan dya trén

ngdn nglr C++. Nham ting tinh doc lap va dé mo rong

phdn mém tao ra 3 class doc 1ap va mdi class chira

mot thread 13p vo cing. TAt ca cac thread chay song

song nhau dé quan 1i cac tac vy khac nhau bao gom:

Vision thread:

e Thu nhan cdp anh tir Stereo camera dung thu vién
cung cip boi nha san xudt camera. Thu vién nay
cung cap cac API dé truy cap téi camera.
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e Chay giai thuét xtr 1i anh dé ude hr(mg ra ma trn
chuyen vi hai frame anh lién tiép nhau. Ma tran
chuyén vi nay bao gdm mot ma tran xoay va mot
vector dich chuyén.

e Gi4 tri nay dugc chuyén sang cho Serial thread dé
tich hop vao bd udc lugng.

Serial thread:

e Nhan dit liéu tir cong ndi tiép RS232 bao gom dir
liéu INS, GPS.

e Tach chudi va tinh todn cac gia tri thuc tlr cac

chudi nay.

e Dung dir liéu INS lam su kién trigger cho giai
thuat tich hop.

Main thread:

e Dong vai tro trung tdm khai tao cac thread.

e Kiém tra dit liéu cap nhat méi tir Vision thread dé
chuyén qua Serial thread.

e Kiémtra trang thai cac chan IO dé bat co.

4.3 Két qua thwe nghiém

Muyc tiéu ctia nghién ctru nham xay dung hé tich hop
6 thé chay doc 1ap hodc hd trg cho hé GPS trong cac
truong hop mét tin hiéu vé tinh. Do d6 trude tién
nhom tién hanh thi nghiém kéo hé théng chay lén
xudng trong san truong dé kiém tra do chinh xic. Sau
d6 mé phong qua trinh hd tro cho hé GPS khi mat tin
hiéu vé tinh bang cach chuyén ngd ra tir GPS sang
ngd ra cap nhdt to h¢ INS/Vision. Hai ngd ra nay
duoc can chinh hé truc dung phuong phap can chinh
dd mo ta ¢ phan 3. Vi hé théng st dung cong nghé xir
1y 4nh do d6 moi trudng thir nghiém hé thdng tich hop
nay phai dugc chon loc chi str dung & moi truong phai
¢6 dic trung nhidu. Ngoai ra néu thir nghiém & céc
moi truong it dac trung hoac camera bi chdi sang thi
hé théng khong thé phét huy hiéu qua cua minh do
ban chat vat 1y cua hé.

Ket qud 1: (Hinh 7-8-9) Di chuyen hé thong 1én
xuong trén duong phang Voi tong quiang duong di
chuyén hon 100m. Sai s6 t6i da trén hai truc 1a 1.5m.
Sai s6 RMS 1a 1.8m. Ngé ra dat d¢ chinh xac kha cao
¢6 thé ding dugc trong cac ung dung giam sat.

Quang duong di chuyen mat phang 20
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Hinh 9. Phéng to cdc diém wée lwong. Mau dé la gid

tri cap nhdt GPS 10Hz, mau xanh ld la ngo ra giai
thudt xur Ii anh twr 20-40Hz, mau xanh dwong la diém
woc lwong 100Hz.

Két qua 2: (Hinh 10) M6 phong qua trinh mat GPS
theo chu ky 10s va chuyén sang dung gia tri woc
luong tir h¢ INS/Stereo-camera. Pudng mau do la gia
tri chudn tir GPS-RTK. Puong mau xanh 14 1a két qua
tir ngd ra hé tich hop. Puong mau xanh da troi 1a két
qua vi tri khi mit GPS va st dung hé INS/Stereo-
camera cO can chinh lai mdi khi mit GPS dung
phuong phap & Phin 3. Két qua cho thay hé théng da
tich hop hoan toan c6 thé hd trg bo GPS khi mit tin
hiéu vé tinh.

5. Kétluin

Nhom nghién ctru da trinh bay mdt giai thuat hiéu qua
dé tich hop hé théng xu 1i anh 1ap thé vao hé théng do
ludng quan tinh nhim ndng cao chat luong cua hé
thong dinh vi. Nhém da phat trién mé hinh tich hop
ding b loc EKF theo cau tric két hop long biéu dién
day du vi tri cling nhu hudng ciia vét thé trong khong
gian. Nhom ciing di trinh bay mo hinh phan cimg va
phin mém di xdy dung nhim chay hé thong trong
thoi gian thyc. Trong tuong lai nhom s& tién hanh

VCCA-2015

nhiéu thir nghiém khac dé danhh gia tinh 6n dinh ctia
hé thong.

Quang duong di chuyen mat phang 20
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Hinh 10. Di chuyén va mdt GPS theo chu ky 10s

Loi cam on
Dy 4n nay dugc hd trg boi Bo Khoa hoc va Cong
nghé thong qua d¢ tai ma sb KC.03.15/11-15 va
Truong Pai hoc Bach Khoa, Pai hoc Quéc Gia
TP.HCM trong khuon khé dé tai mi s6 T-DDT-2015-
13, C2014-20-03.
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