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Tom tat

Bai bdo trinh bay phuong phap két hop thiét bj dan
duong quéan tinh véi thiét bi do van toc trén co so bd
loc Kalman m¢ rong nhim nang cao d6 chinh x4c van
tc thiét bji phuong tién ngam. Két qua nhan dugc khi
thr nghi€ém trén ban xoay 3 bac tu do cua hang
Aerosmith va thir nghiém trén robot ngém clru nan
ctru hd cua Pai hoc Phong chay chita chay da minh
chimg tinh dung dén cta thuat toan.

Tir khéa: Bo loc kalman, Thiét bi do luong quén tinh,
Phuong tién ngim

Abstract: This article describes the combination
method of the inertial navigation equipment and the
velocity meter based on the expanded Kalman filter in
order to increase the precision of the underground
vehicle’s velocity. The obtained results when tested
on a turntable 3 degrees of freedom of Aerosmith and
testing firm in underground rescue robot Rescue Fire
Fighting  University have  demonstrated the
correctness of the algorithm.
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Chir viet tat
Ky hiéu Ponvi Y nghia
AUV Phuong tién ngam
IMU Thiét bi do ludng quéan tinh
DVL Do van tdc theo hiéu tmg dbp le
DS Cam bién 4p suét
EC La ban dién tur

Phan mé dau

Phuong tién ngdm (AUV) c6 nhiéu loai khac
nhau nhu tau ngam, ngu 16i, r6 bdt ngam dung cho
nhiéu muc dich khac nhau nhu trong hoat dong quéan
su, tham hiém day dai duong, thim do khai thac tai
nguyén bién. C6 nhiéu phuong phap khac nhau dé dan
duong phuong tién ngam nhu phuong phap dan
dudng am thanh, phuong phap din duong theo tinh
chat vat 1y [3]. Phuong phap dan duong theo tinh chét
vét 1y phu thudc nhidu do chinh xac cua ban dd day
bién da xay dung. Phuong tién ngdm ciing c6 thé ndi
1én mat nude dé cap nhat vi tri thong qua GPS/GNSS
nhung s& anh huong dén quy dao, thoi gian hanh trinh
va yéu t& bi mat hoat dong. Mot sb thiét bi ngdm sir
dung phao gia GPS hay kéo dai Anten thu song trén
mat nudc nhung lai gdp phai sy han ché do sau hoat
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dong [4,8]. Giai phap cho nhimng AUV hién dai 1a két
hop nhiéu thiét bi do nhu: thiét bi do van téc theo hidu
tng Doppler, cam bién ap suit, la ban dién voi hé
thng dan dudng quan tinh & cac hinh thirc khac nhau
dé cap nhat vj tri, )
Cac hé toa d¢ tham chiéu

Hé toa dd chuin (NED) co6 géc toa do tai tdm
trong lyc AUV, cac truc theo hudng béic (N), huong
déng (E) va huéng xubng dudi (D) tao thanh tam dién
thuan. Moi quan hé gitra h¢ toa do chuén va hé toa do
¢ dinh tam trai dat X°y°z® [1]. Vi tri AUV trong
mit phang dung z 1a d6 siu tuong ddi so v4i mit bién,
vi tri trong mit phang ngang 1a vi 40 ¢ va kinh d§ A
dugc mo ta trong hé toa d6 X°Y°Z°, trong khi d6 van
toc Vo = Vy Ve Vp T duge xét trong hé toa do
NED . Tuong tu hé toa do NED , hé toa do lién két co
géc toa d6 tai tdm trong luc AUV tuy nhién céac truc
clia nd trung vai cac truc cta ddi twong. Hinh 1 biéu
dién phuong tién ngdm qua cac hé toa do [8].
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Hinh 1: Bleu dién phwong tién ngam qua cdc hé toa do

H¢ théng dinh vi phwong tién ngim
3.1 Céu tric hé théng dinhvi .

H¢ thong dinh vi nham cung cap thong tin veé vi tri
(g, A z) trong hé toa d6 cb dinh tam trai dat X°Y°z°
va vé van tdc V,g, Cua phuong tién ngdm trong hé
toa do chuan NED duya trén phép do luong cua thiét
bi din dwong. Céu trac hé thdng dinh vi nhu hinh 2
[1,2,4,8].
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Hinh 2: Cdu triic hé théng dinh vi AUV

3.1.1 Thiét bi do lwdmg quan tinh (IMU)

IMU gom 3 gia toc ké va 3 cam bién toc do goc co
cac truc dat trung vdi cac truc cua hé toa do lién két
[5] cho phép cung cap cac thanh phan gia toc trong hé
toa do lién két ajye =[a, a, a,]'va toc do goc quay
tuyét dbi ctia hé toa do lién két w,, =[w, w, w, I.
Phép do cua gia téc ké va cam bién toc do ton tai cac
dang sai s6 khac nhau gdm sai s6 ngdu nhién va do
tréi ctia cac cam bién gia tbe, van tde goc, sai sb ting
nhanh theo thoi gian trong cac ung dung kéo dai.

3.1.2 La ban dién

La ban dién 1a thiét bi c¢6 chi phi thap, kich thudc
nho, cong suat nhé nhung duoc ing dung hiéu qua dé
do gbéc hudng +f,, (goc gilta truc doc cua hé toa do
lién két v6i phuong bic tai diém dang xét) véi sai s6
duéi 1% [7]. Tuy nhién tuy thudc vao khu vuc su
dung ma can phai hiéu chinh la ban mét luong Ay,
theo tir truong cia khu vuc d6 dé tao ra huéng di
ding 1 cua déi tugng. Ngoai ra, la ban bi anh hudng
boi chinh cac ngudn dién sinh ra trong ban than ddi
tuong st dung no.

3.1.3 Thiét bi do van téc theo hiéu rng Doppler

DVL thudong c6 4 dau thu phat xung am thanh
dugc gin trong d6i twong sao cho cac dau thu phat
quay xudng dudi, cac ddu thu phat dugc thiét ké sao
cho tao ra goc 1éch so véi day bién [3]. Néu xung 4m
phat di tr DVL t&i duoc day bién thi b thu phat s&
nhan dugc xung phan hdi “bottom-lock”, két hop su
chuyén dich Doppler tir 4 ddu thu DVL dé x4c dinh
céc thanh phan véan toc tuwong ddi so v6i day bién
VP =[v, v, v,]" trong h¢ toa d¢ lien két.

Do chinh xac va do siu t6i da cia DVL phu thudc
vao tan sb lam viéc (bang 1) [2]. Tuy nhién, do siu
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nay mang tinh 1y tuong d6i véi day bién cimg, ¢ tinh
phan xa song am tt. Trong diéu kién lam viéc ¢ ving
bién ¢6 d6 sau vuot qua gidi han lam viéc cua DVL
o thé sir dung DVL do van tdc AUV so véi bé mat
nude bién theo nguyén Iy phan xa séng 4m tai bé mat
nude — khong khi. Tuy nhién, trong truong hop nay
¢6 anh huong sai sb dong chay bé mit [6,7].

Tén s6 Do chinh xac DJ sau
150kHz | £0.5% khi van téc +2m/s | 425-
500m
300kHz | =+ 0.4% khi van toc +2m/s | 200m
600kHz | =+0.2% khi van tbc 4+ 1m/s | 90m
1200kHz | +0.2% khi van toc 4+ 1m/s | 30m

Bang 1: Gidi han lam viéc cua DVL

3.1.4 Cam bién ap suat (DS) ) )

DS cho phép xac dinh d¢ sau tuwong doi cua doi
tuong so voi mat bién z° voi do chinh xéac va toc do
cap nhat cao. Cam bién ap suat dya trén nguyén ly do
ap suat thuy tinh theo cong thirc [8]:
apldz=pg 1

Trong d6, pla ap suét thay tinh; z 1a do sdu tai vi
tri do so voi mat nudc; pla mat 4 nudc phu thudc
vao do sau, d0 man va nhiét do nudc bién tai vi tri
AUV hoat dong; g 1a gia toc trong trudng phu thude
vao vi tri cua AUV. Cac loai DS hién dai co thé sir
dung dén d6 sau cé ap suat 6000dbar vdi do chinh xéac
deén . +£0.01% .. DS c6 kich thudce va cong suat nhé cho
phép ung dung trén nhicu thiét bi ngam.
3.2 Thuit toan xit ly dir liéu ) N

Thuat todn xu 1y tin hiu tir cac thi€t bi dan duong
gom cac bude: Tinh todn van toc cia AUV trong hé
toa d¢ chuan tir gia toc do dugc boi IMU, bién doi
van tbe VPVt tir hé toa dd gén lién sang hé toa do




chuan V¥t bang cich sir dung cic goc trang thai tir

IMU va EC, wéc lugng sai sb van téc IMU thong qua
b6 loc Kalman va bl héi tiép dé hiéu chinh sai s6 vin
toc IMU, tinh toan vi tri AUV thong qua van téc IMU
d4 duoc hiéu chinh, loc bd sung d6 sau z° nhan duoc
tir cam bién ap suat va do sau udc lwong z* theo tinh
toan tir van toc da hiéu chinh ctia IMU.
3.2.1 Tinh toan van toc IMU

Gia tdc trong hé toa do chuan ajfy duoc xac dinh

tir chi s6 cua gia toc ké trong hé toa do lién két a;"f;

theo cong thuc [8]:

IMU NED. 5 IMU

a'NED — XXYZ ’aXYZ - a'N ’aE ! aD (1’2)
Trong d6, QJy 1a ma tran cosin chi phuong viét theo
tham sé Rodrigo-Hamilton [8]:

20, +20;-1 20,0, +20,0,
Quw =|20.0, —20,0, 2q; +20;-1

2q1q3 + Zqo qz 2qz qs - 2qoq1
Vé6i q 1a sb Quaternion siéu phic duge ky hiéu
q=0,+0i+0,j+9k, cic tham sé Rodrigo-
Hamilton g, dwoc xac dinh tr phuong trinh [8]:
24 =000, —Q, 0cq+0dl—a?) 3)
trong d6, ddu ”o” 1a ky hiéu phép nhan hai sb siéu
phic, @, =0+wi+w jt+wkla tbc do goc quay

2q1q3 - 2qoq2
24,0, + 29,0,
20, +20;-1

tuyét d6i cua  hé toa do  lien  két,
Q, =0+w,i+tw,j+w,k 1a toc do goc quay tuyét
doi cua hé toa’dé chuan do trai dat qé hinh dang cau
quay v6i van toc goc U, céac thanh phan .. w ,w, ,
duoc xac dinh tor cac thae  [8]:
w, =U+N)cosp, w, =U+Nsing, w, =—¢. (4)
Phuong tién ngam hoat dong trong nudc co véan tbe
thap, khoang cach thuong khong xa nén cé thé xem
wy = w,, =w, =0. Gidi h¢ (3) cac tham so Rodrigo-

W wgz .

biéu

Hamilton dwoc viét dudi dang roi rac [8]:
q, (k +1) = g, (k) +0.5T [w, (k +1)q, (k) +w, (k +1)q,(k) +
+w, (K +1)q, (k) —e(k)a, (k)]
q,(k+1) = q,(k) =0.5T[w, (k +1)q, (k) —w, (k +1)q, (k) +
+w, (k+1)q, (k) — =(k)g, (k)] '
q,(k+1) =q,(k) - O.5T[wy (k +Dq, (k) 4w, (k +1)q, (k) —
w0, (k+1)0, (k) — (K), (K] '
q,(k +1) = 9,(k) —0.5T [w, (k +1)q, (k) —w, (k + D, (k) +
+w, (k+1)q, (k) —z(k)a, (k)]
Trong d6, T 1a thoi gian liy miu roi rac; S6 higu
chuan: (k) =1~ (g (k) +¢; (k) +0; (k) +0; (K) .
Céc goc Ole (goc xodn Cren ¢, goc chlic ngoc 6 va
goc hudng . ¢ .) lién hé giira hé toa do chuin va hé toa
d6 lién két duoc xac dinh [8]:
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¢ = arctg —(20,0, —20,9,) / (20; +2q; —1)
0 = arcsin(2q,9, + 29,9,) (6)
w=arety —(23) —2XA,)/ (25 +2X 1)

Phuong tién ’nge‘im hoat dong trong moi trudng nudc
¢ van toc thap, khoang cach thuong khong qua xa
nén c6 thé xem trai dat dang hinh cau d¢ tinh toan van
toc cia AUV theo gia toc trong h¢ toa d6 chuan ayrs
Vy (K+1) =v, (k) +T(a, (k) +F, (k)

Ve (k+2) = v, (k) +T (@ (K) + Fe (k) %
Vp (K +1) = v, (K) +T(a, (k) + F, (k)
Trong do, cac thanh phanF, (k) , F.(k), F, (k) duoc
tinh toan [1]:
F, (k) = —2U sinp(k).ve (k) — VZ (k)9 ((k)) / R
+v, (k)vy (kK)/R
F. (k) = —2U sinp(k).v,, (K) — 2U cosg(k).v, (K)
—v, (k) (K)tge(k) / R (8)
v (K)vy (k) /R
F (k) = —2U cos (k). (k) —VE (k) /R
—Vi(K)/R+g
ame =[a,,a.,a.]" 1a gia tbc AUV do tir IMU trong

hé toa d6 chuan, xac dinh theo biéu thirc (2).

IMU
VNED

trong h¢ toa do chuin; R ban kinh trai dat dang hinh

cau, U- Toc d6 quay ngay/dém cua trai dat (U=7,3 10

® Rad/s).

3.2.2 Bién d6i van toc DVL sang hé tga d¢ chuan
Van tbc tir DVL trong hé toa do lién két VPt duoc

bién d6i sang hé toa dd chuan vOYS nhd ma tran cosin

=[v,,v.,v.]" 1a cac thanh phan van téc AUV

chi phuong c°>[1]:

[v’E‘)VL VEVL VgVL]T — CNED [VX Vy VZ ]T (9)

Cac thanh ph?m ViV, V, la van tdc AUV do duoc
trong hé toa do lién két. Ma tran cosin chi phuong
duogc tinh tir cac goc Ole ¢, 0 theo (6) va goc hudng

¢ nhan dugc tur la ban sau khi d3d hi¢u chinh [1]:

(@) e(6)  o(¥)s(B)s(#) —S(¥)c(d) () S(B)C(H) + S(¥)s(¢)

Cl = |s(¥)c(0)  s()s(0)s(s) +c()e(d)  s(@)S(O)c() — c(x)s()
—(9) c(6)s(¢) o(6) o(6)

Vi s(.), c(.) 1a ky hi¢u cac ham sin va ham cosin. O

A NED NED
day CAUV TOXXYZ

3.2.3 B0 lgc Kalman.

Be lac Kalman |y nét c«ng c6 to,n
hac giop cho viGc ®nh gi, vbct-
trtng th,i hO ®ng héc tr2n c- sé
th«ng tin quan s, t vBbct- t¥Yn hiQu
®Cu ra. G Y sd qu, trxnh chuyOn ®éng
ciia phuong tién hoAE qu, trxnh c«ng
nghO ®7c m« t{ bé&i hO ph--ng trxnh
®éng hac d-ii ding réi ric nh- sau[8]:

X, =FL(X ) +ws Ze =h(X,\)+v,



trong @&, X, X_,lup tritng th i cfa
vBbct - tring th,i X (vbct- n chiQu) &
b-ic the k vu b-ic the k-1; zIlp gi,
trb cfa vbct- ®Cu ra (vBct- m chi Qu,
th-éng m < n); w, v/Ip vBct= nhiCu

k!

®ng luc vp nhi®u ® ca ding nhiQu
tr¥ng vii ki vang to,n hac b»ng O:
w, ~N(©,Q);v, ~N(O,R);

F7||J vbct - humsé Fé b-ic the k-1:

=(f, o f)

trong @4, f, f,,..f.lp c,c  hum phi
tuyOn vii biOn sé Iy vbet= X, h Ip
vbct- hum sé h & b-ic thg k
h=(h,h,,...h )

Ma treEn hiOp ph--ng sai cia vbct-
sai sé ®nh gi, trtng th,i vbct- X
nh- sau: P =:([X, - XX, —X,], trong @&

elp ky hi Qu ka vang to, n hac.

ThA tdéc cfia thuEt to,n ®nh gi,
tritng th,i X tr2n c-~ sé vbct- quan
s,t (® ®1ic) Ztheo Kalman [8]:

Xk )= Fk—1()2k—1(+))’ <I>k—1 - 6Fk—1 19X X=X, (+)

Z, =n (X, (), H,=an 1ox|

X=X, (-)
Kk = Pk(i)HkT (HkPk(i)H: +Rk)71
X ()+K (Z, ~2Z) P(H)=0-KH)P()

& @®oy IIpmatrEn®-|nvD.Nh—
vEy ®Ot|On hunh 1 &c Kalman tr@an my

tYnh cCn x,c ®nh vbct-~ hum F()( tec
c,c hpym f,f,..f), hum h() (ttc c,c ham
h,h,..,h,) va c,c ma tran Q,R (®F
trung nhiéu dong hoc vp nhi Qu ®o).

RO =®_R (D2, +Q_,
X, () =

..............

? i ’
i Fhurong X ‘l _L—— m J(-)
| e dy c::g bz A= Q;' E ;.‘: p(xm___:
_ A S

Hinh 3: Bé loc Kalman phi tuyén mé rong
3.2.4 Két hop thiét bi do vén tdc theo hiéu ing dép
le v6i viée do van téc tir thiét bi do quan tinh
Trong thiét bi IMU c6 cac gia téc ké do cac gia tbc
theo cac phuong cta hé toa do lién két. Ba chi sb gia
tde ké a,, ay, 8, ludn co nhiéu do, tuc 1a:

a, =a,+W,;d, =a, +W,;a =a +w, (13)

Trong d6 &,,4,,4,1a cac gia téc do duoc, ay, ay, a, la

Y ! Z
gig tde thuc té, Wy, Way, Wy, céc nhiéu do dang nhiéu
trang.
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Gia st cac phan tr ciia ma trn cd sin chi phuong
Quy duge ky hidu la: a;(i=1,2,3j=1273). bé
xac dinh v,vg,Vp can phai xac dinh dugc ay. ag, ap
trén co so tr thong tin 4,,4,,4, bang cach chuyén
d6i qua ma tran cd sin chi phuong QN> :
ay = a3, + 8,8, +385,8, + a, W, + alZWay +a;W,
éE = aZlax + a'22ay + a23a‘z + aZIWax + aZZWay + aZSVVaz
a, = aa, 15,8 +3853, +ay W, +a,W, +ass

Thay cac gia tri ciia cdng thuc trén (:g)) (7) va b1en dm
nhan dugc hé phuong trinh thé hién sai sd vén tdc clia
khdi do luong quan tinh IMU:

Avy (k+1) = Ay, (k) +wy (k)
AVe (k+1) = Avg (k) +we (k) (14)
AV, (k+1) = Avy (K) +w, (K)

Trong d6 Wn(K), We(k), Wp(k) 1a cdc tin hiéu nhiéu
dang nhiéu tring dugc xac dinh tir cac nhidu tring do
gia tdc duge xac dinh qua phép bién ddi sau:

Wy (k) =T.a; W, +T.a, W, +T.3,5.W,
We (K) =T.ay W, +T.8. W, +T.8,5.W,,

Wo (K) =T .5, W +T 25, W, +T .55 W

(15)

& day T- 1a bude tinh.
Nhu vay thiét bi dan duong quan tinh IMU cho ta
thong tin vé van toc vai cac thanh phan sau

MU MU MU

U =V AV Ve =V HAVE VR =V AV,
Coi véc to Ax trong biéu thirc (11) duoc ky hiéu nhu
sau: AX = (Ax,, AX,, Ax,) trong do:

AX = AV ; AX, = Avg; Ax, = AV, khi d6 ma tran
A va véc to W(k) trong bieu thuc (11) s€ 1a:
A= diag (1LY W(K) = Wi, (k), W (K), Wp (k) |
v,,V,,V, do thiét bi do van tdc theo hiéu ung dép le
dugc xac dinh trong hé toa do lién két (cé nhicu do)
tie la: V, =V, +W,; V, =V, +W,; V, =V, +W,,
Trong do w,,,w, ,w,, la nhiéu do dang nhiéu trang.
W =a,y, +a,y, +agy, +agWw, +a,w,, +a,w
Ve =a,V, 48,V 485V, +ay, W, +8,W,, +28,,W,,

DVL = a5V, + asVy + a5V, +a;W,, + azpW,, +agW

Trong d6 v,;=°,v)¥°,v;*° la cdc thanh phan cua van
tbc thuc trong hé toa d6 NED, tac la
Vo Voo Ve (Vy = V2 ve = VP vy =v¥P) | do vay:

\7[\I:|)VL _VN +WNED ~DVL — V +WNED

\7DDV" =Vp —|—W2‘ED 1a cac thanh phan vén toc do duoc

ciia thiét bi do hiéu tmg dép le biéu dién trén h¢ toa
d6 chuan. Véc to quan sat Z(k):



7 IMU DVL AVN +WNED

VN VN
z(k)Ev;MU —v2" | =| avg e
\7[|)Mu _VDDVL AV, +WNED
100 Wi
=[0 1 Ofax+|wi®|=C.ax+v(k)
001 WD
Trong d6 v(k) = W=, W=, w= !

Ap dung thuat toan loc (12) s€ danh gia duoc sai )
Ax dé hiéu chinh tham sb van téc do IMU cép ra.
Hinh 4 mé ta cdu trac bo két hop thiét bi din duong
quéan tinh voi thiét bi do van toc theo hiéu tmg ddp le
o

— W

T 2 N
y < XS PRERET N
LS L)  Cha ! : = ? % % \r
L FT S e -V,
P
AV iy
Ly (3
] v"™ « Av.e, W
Thiet b do e N x
Vi tec {0 T SR L T SR T BO LOC KALMAN
theo hicu Y E- b 57i'~’»—*3~74 v LYy
g dople | N s >
LDVL
v 0 ,,\'n(l)- W e -
¥

Hinh 4: Cdu triic thiét bi do két hop xdc dinh vin toc
phirong tién ngam
3.2.6 Tinh toan vi tri tir vin téc IMU di hiéu chinh
Vi tri cia AUV trong hé toa do ¢ dinh tAm trai dét
dugc tinh toan thong qua gié tri van tc ciia IMU sau
khi hiéu chinh V., . Phuong trinh tinh todn vi tri ciia
AUV viét dudi dang rdi rac [1]:

&k +1) = (k) +T9, (K+1 /R
Ak +2) = A(k) + TV (K +1) / (Rcos 4 (k +1))
2F(k+1) = 2" (k) + TV, (k +2) (15)

Trong d6 vi tri ban dau ¢(0),A(0) va z(0)1a biét
truée cia phuong tién ngdm. Vi tri ban dau c6 do
chinh xac cao, nhan dugc tir c&c thdng tin trude khi
thiét bi ngam lan. )

M6 phong va kiém nghiém thuét toan
4.1. Mé phéng, kiém nghiém thuat
toan trén ban xoay 3 bac tu do

Trong phong thi nghi¢m su dung ban xoay ba bac
tu do 1573 cua hang Ideal Aerosmith. M6 dun IMU
gin vao ban xoay trén hinh 5.
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Hinh 5: Thir nghiém trén ban xoy 3 bdc tw do
Két qua thir nghiém trén ban xoay dé calib hé
thong va lay cac dic trung sai sb ctia IMU cho thay:
sai sO gitra ban xoay voi thiét bi dan duong quan tinh
khi ban xoay chuyén dong trong déu, chuyén dong
hinh sin, chuyén dong hinh bac thang 14 nho hon 1 do
(hinh 6)

D8 15 i g win 3
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Hinh 6: Két qua va sai s6 khi ban xoay ba bdc tir do
chuyén djng hinh sin
4.2. Mo phéng, kiém nghiém thuit
toan trén phuwong ti¢n ngam.

Ga lip san pham 1én robot ngdm ctru nan ctru hd
ctia Pai hoc phong chay chita chay, cho thiét bi thir
nghiém 1én robot va chuyén dong theo quy dao dat
trudce trong bé boi. Két qua nhan dwoc ( hinh 7-9) cho
thiy sai s6 van toc cua hé théng dinh vi cho AUV nho
hon déng ké so véi sai s6 thiét bi dan duong IMU va
DVL khi hoat dong riéng le. D ligu xur ly thong qua
b loc Kalman c6 hi¢u qua dang ké trong giam sai s0
vén téc IMU va loai bo nhidu cia DVL. Sai sb vi tri
cua theo van tbc IMU d3 hiéu chinh thong qua bd loc
Kalman duy tri ting khong gi¢i han nhung toc do ting
thdp hon trong truong hop van téc IMU khi chwa
duoc hiéu chinh. Gia su, thoi gian m6 phong 1én den
400s, sai sO vi tri IMU hang trdm mét trong khi sai sO
vi tri theo van tdc da hiéu chinh IMU/DVL chi vai
mét dén vai chuc mét.




Hinh 7: So sdnh sai sé vén téc theo truc N cia DVL, IMU
va sau khi hiéu chinh qua b loc Kalman IMU/DVL

Hinh 8: So sdnh sai s6 vdn téc theo truc D cia DVL, IMU
va sau khi hiéu chinh qua bo loc Kalman IMU/DVL

Hinh 9: So sdnh sai sé vén téc theo truc E ciia DVL, IMU
va sau khi hiéu chinh qua bo loc Kalman IMU/DVL

Két luan

Bai bao di trinh bay mot phuong phap két hop
thiét bi dan dudng quan tinh véi thiét bi do van tdc
trén co s¢ bo loc Kalman mo rong umg dung cho mot
ching loa1 phuong tién ngam nham nang cao d¢ chinh
xac van toc thiét bj phuong tién ngdm. Két qua nhén
duoc khi md phong, thuc nghiém trén ban xoay 3 bac
tu do ctia hing Aerosmith va robot ngm ctru nan ciru
ho da minh ching tinh dung din cta thudt toan. Tuy
nhién, dé giam sai sb cua sensor, hé théng nhém tac
gia s& phat trién va kiém nghiém bang mot s thuat
toan khac./.
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