Nghién ciru khoa hoc cong nghé
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Tém tit: Phuong phdp dan dwong la mét yéu t6 rat quan trong quyét dinh dén sw linh
hoat va chinh xdc cua xe ty hanh trong cdac moi truong hoat dong khac nhau. Voi méi
phirong phép dan dwong chiing ta cé cdc phwong phdp xdc dinh vi tri va géc hwéng ciia xe
khdac nhau. Trong nghién ciru nay, goc huwong va vi tri cua xe dwoc woc tinh nho dir liéu
ciia cam bién qudn tinh, encoder va dwoc tinh todn théng qua thudt toin loc Kalman.
Ngodi ra, cdc sai s6 do goc hwéng va vi tri dwoc hiéu chinh khi xe di qua cdc diém tham
chiéu bang nam cham dwoc ldp dwéi san nha trén cdc dwong dan do. Két qua mé phong
nhan dwoc da minh chirng tinh dung dan cua thudt toan dé xudt.

Tir khéa: Dan dudng quan tinh; Cam bién quan tinh; Piém tham chiéu tir tinh; Xe ty hanh.
1. MO PAU

Hién nay, khi cac nudc dang bit diu budc vao cudc cach mang Cong nghiép 4.0 thi h¢ thong
xe tu hanh (AGV) ngay cang duoc st dung rong rai trong nganh san xudt, y té va kho bai. Véi
chtre ning van chuyén hang ty dong va linh hoat, n6 c6 kha nang thay thé con nguoi dé thuc hién
cac cong viéc mdt cach hiéu qua va nang suit hon. Piac biét, hé thong xe tu hanh cé y nghia rat
quan trong trong cac moi truong nguy hiém hodac trong cac khu vuce cach li [1-2].

C6 mdt sd cong trinh di nghién ctru vé AGYV nhu: cdng trinh [3] dd m6 ta co khi cua xe ty
hanh va st dung phuong phap nhén dang d€ du doan quy dao chuyén dong ciia mot ching loai
xe ty hanh. Cong trinh [4] nghién ctu thiét ké bo diéu khlen truot, thich nghi cho ddi tuong phi
tuyén, va cu thé 1a xe ty hanh. Ngoai ra, con c6 mot sé cong trinh da nghién ctru va cong bd vé
xe tu hanh, tuy nhién méi chi dung lai str dung cac phuong phap diéu khién khac nhau dé diéu
khién AVG [5-11].

Khi cong ngh¢ ngay cang phat trién, nhiéu giai phap dan duong da duoc nghién ciru va phat
trién. Co thé chia hé thong dan duong AGV thanh hai loai: dudng din c¢b dinh va dudng dan tu do.

Pudng din cb dinh 1a cac duong dan vat Iy nhu day dan, vach son, dai bang tur tinh,... dugc
dit c¢b dinh trén mat dat & moi noi ma AGV s& di qua. Uu diém cia giai phap nay 1 chi phi thap,
d& thyc hién va do tin cy cao. Tuy nhién, nhuoc diém cua phuong phap nay 13 kém linh hoat,
kha nang thich tmg véi moi truong kém, dic biét 1a voi moi trudng ngoai trdi hodc noi c6 nhiéu
bui bin 1am ting chi phi bao tri duong dan.

Pudng dan tu do 1a dudng dan ao dugc tinh toan xac dinh trén may tinh dya vao dit liéu cia
cac cam bién dinh vi hién dai nhu cam bién laser LIDAR, camera 3D, cam bién quan tinh, cam
bién siéu 4m,... Giai phap ndy c6 wu diém la hé thdng hoat dong linh hoat, hiéu qua cao. Tuy
nhién, nhugc dlem clia cac hé thong nay 1a co gia thanh cao, viéc cai thién do chinh xac ciing rat
kho khan.

Gan day, cac giai phap ding cac cam bién laser LIDAR hay camera dugc st dung phé bién
do ¢6 do chinh xac cao va linh hoat, tuy nhién, & mdt s6 moi truong dac thu nhu ngoai troi hoac
¢6 nhiéu bui ban thi do chinh xac cua hé théng s€ bi giam di nhanh chéng. Lic nay, cam bién
quén tinh 1a mot giai phap kha thi do n6 pht hop véi hau hét cac loai moi truong. Tuy nhién, do
ban chat ctia cam bién quén tinh 1a sai s tich lily trong qua trinh hoat dong, d6 chinh xé4c cua hé
théng s€ giam sau mot thoi gian hoat dong.

Trong bai b4o nay, ching t6i s& trinh bay mét giai phap din dudng AGV sir dung cam bién
quan tinh, trong d6, goc huéng va vi tri ciia xe duoc ude tinh nho dit liéu cia cam bién quan tinh,
encoder va duoc tinh toan thong qua thuat toan loc Kalman. Trén co sé nay, cam bién tir dugc
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thém vao dé khic phuc cdc sal 5O tich liy, cac sai s6 do goc hudng va vi tri cia AGV dugce hiéu
chinh khi di qua cac diém tham chi€u bang nam chdm dugc nhing dudi san nha trén cac duong
dan 4o.

2. MO HINH PONG HOQC CUA XE TU HANH

2.1. Phan tich m6 hinh d¢ng hoc ciia xe tw hanh

Xe tu hanh trong nghién ctru nay 1a loai xe chuyén dong dugc véi 2 banh xe vi sai, mdi banh
duoc gan voi mot mo-to dién dicu khién doc lap, viéc diéu khién xe di chuyén va dinh hudng
duoc thuc hién bang viéc di€u khién toc d6 cua hai dong co nay.

C6 nhiéu yéu td, chéng han nhu tai trong xe, mach diéu khién, hé théng truyén dong va cAu
trac than xe,... s€ c6 tac dong 1on trong phan tich dong hoc. Trong bai bao nay, boé qua mdt so
yeu to tuong doi nho, dua ra mét mo hinh chuyén ddng cia AGV tuong doi don gian. Cau truc
AGYV dugc minh hoa bang hinh sau [5].

i T ———

1 1 -Than cuaxe
2 — Bénh xe chu dong
4 3 — Pong co, hop s6
va encoder
4 — Banh xe thu dong
5 — Cam bién quan tinh
6 — Cam bién hall

Hinh 1. M6 hinh cdu triic xe tw hanh.

’Chon hé truc toa do6 OXY g.'fm vO1 mat phﬁng lghu vuc hoat dong cia AGV voi géc O la vi tri
xuat phat cia AGV. Tam C cia AGV 1:3;1 trung diem gitra hai banh xe dong luc vi sai. AGV ¢o vi
tri duoc xac dinh boi toa do cua i chuyén trén cung tron c6 tam O, va ban kinh R. Khi v, =-v,
thi tdm quay O, sé trung voi tam C ctia AGV.

Goi Vv, 1a van tdc tinh tién va van toc goc cua AGV. Tur md hinh dong hoc ciia AGV trén
hinh 2 ta co [5]:

ALY
2
Goi X,y latoa dd cia AGV, @ la goc gitra truc doc cia AGV voi truc OX.

)

Trang théi ciia AGV dugc biéu didn bai véc to X =[x y 6] . Tai thoi diém k va thoi diém k-1
ta 6 trang thai ciia AGV 18 X, =[% ¥, 6] V& Xu =[X 1 Vi 6] - Khi d6, X, duoc tinh
theo X, , boi phuong trinh sau:

X X cosg,_, O
k k-1 ) k-1 Vk_lT
Xe=| Y [=] Yeu |F|SING, O (2)
@, 4T
6 | |6 0 1

Trong do6, T 1a chu ky 14y mau cua tin hiéu do.
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Hinh 2. M6 hinh dong hoc cua xe tw hanh.

2.2. Xac dinh vi tri va géc huéng ciia xe tw hanh tai cac diém tham chiéu

Dé diéu khién dugc AGV chiing ta phai theo déi duoc quy dao cia AGV. Trong md hinh nay,
bai bao sir dung encoder va cam bién quan tinh (IMU) dé xac dinh toa d6 va goc huéng cua
AGV. Do quy dao dugc tinh toan tir cac gia tri dau vao ban dau két hop véi cac gia tri phan hdi
tir cam bién, sai s6 tich lily s& ting dan trong qué trinh di chuyén ciia AGV. Vi vy, mot cam
bién tir dugc thém vao dé xac dinh cac diém tham chiéu c6 toa do biét trudc dé hi¢u chinh lai
quy dao khi AGV di qua cac diém tham chiéu nay. Cam bién tir duoc sir dung 14 mot thanh bao
gdm 16 cam bién hall duoc dit thing hang va cach nhau mot khoang 1=10 mm. Nhu vay, bé rong
ctia cam bién tir 1a 160 mm. Thanh cam bién s& duoc dit vudng goc vai truc doc than xe tai diém
gitia cua thanh.

Khi AGV di qua cac diém tham chiéu bé“lng nam cham dit trén mat san, cac cam bién hall di
qua phia trén diém tham chiéu s& dugc kich hoat. Tir vi tri ctia cdc cam bién hall di kich hoat
tinh duge d6 1éch d cua truc doc than xe so voi diém tham chiéu nhu thé hién trén hinh 3.

Piém tham chiéu
nam cham

/—Cém bién tir tinh
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Hinh 3. M6 hinh cam bién tir va diém tham chiéu nam cham.

Gia str hai diém tham chiéu A(X,,Y,) VA B(Xg,Yg) c6 khoang cach 1a L va cac toa d¢ da biét
trudc, goc cua doan AB so voi truc OX 1a 6,5 . AGV s€ di tr A dén B. Khi xe di qua diém A
cam bién tir xac dinh dwoc do léch d,, khi xe di qua diém B cam bién tir xac dinh dugc do
léchd; . T hinh 4 c6 thé tinh dugc vi tri va goc hudng thuc té cua xe tai diém B.

Goi o la goc léch giira truc doc than xe va doan th.'fmg quy dao AB ta co:

o =arcsin((d; —d,)/L) 3
Khi d6, goc huéng thuc té cia AGV tai diém B sé 1a:
O =0y +5 (4)

Tur d6, ta cling tinh dugc toa d vi tri thuc té cua AGV tai diém B:
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{er =Xg +dgsin(g;)
Yis =Yg +dg COS(65)

Nhu vay, tai diém B, trang thai ctia AGV s€ duoc hi€u chinh theo trang thai thuc té nhu sau:

(5)

X5 Xg +dgsin(f,;)
XrB = Ye |= Y t dB COS(@rB) (6)
O 0,z +arcsin((d, —d,) /L)

P
Y4 &
Vo r"_.:-_érs
'},B '-'r__.':‘
< //—( g L

- -
ol x, XXz X

Hinh 4. Tinh todn vi tri va goc huéng ciia AGV tai cac diém tham chiéu.
2.3. B§ loc irng dung cho xe tu hanh
Trong qua trinh hoat dong cac tin hi€u cia AGV thuong bi anh hudng cua cac nhiéu do ludng
va nhiéu h¢ thong. Be xac dinh dugc gia tri chinh xdc trang thai cia AGV bai bdo ap dung b loc
Kalman, day 1a b loc dugc sir dung nhi€u trong linh vuc diéu khién va xt ly tin hiéu.
Tir (4) ta xay dung hé mo hinh trang thai hé thong va do ludng nhu sau [5]:
X, =AX,,+Bu_, +w_,

(7
Zk—l = HXk—l Vi

Trong d6, X, 14 trang thai ctia AGV tai thoi diém k, Z,_, 14 trang thai do luong tai thoi diém k-
1, u, 1atin hiéu diéu khién dau vao, w va v 1a nhiéu hé théng va nhiéu do luong, A 1a ma tran

chuyén trang thai, B la ma tran diéu khién dau vao, H 1a ma tran chuyén quan sat, cac ma tran
duoc xac dinh cu thé nhu sau:

100 cosf, , 0 w7 100
A=/0 1 0|,B=|sing_, 0 ,uk_l{ K ]H: 010 (8)
o, 4T
001 0 1 001

B0 loc Kalman bao gém 2 giai doan: du doan va hiéu chinh.
Giai doan 1: du doan trang thai Kké tiép dua vao trang thai hién tai va gia tri tin hi€u diéu khién
dau vao.

X, =AX, ,+Bu,,
P =AR_A"+Q

Giai doan 2: hi€u chinh lai gia tri udc lugng theo gia tri dy doan va gia tri tin hi¢u do luong.

(9)
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K, =P HT(HP,H" +R)™
>2k = X, +K, (Z, -HX,) (10)
=(I,-KH)R’
V61 Q, R 1a cac ma trén tuong quan nhiu hé thdng va nhidu do ludng thudong duoc xac dinh
bang cach 1ay phuong sai ciia cac nhidu.
Déi v6i hé diéu khién AGV trong bai bao nay, cac gia tri do luong Z, 14 tong hop cua gia tri
do tir Encoder, IMU va diém tham chiéu theo thoi gian trong qua trinh hoat dong.
2.4. B) diéu khién cho xe tw hanh

Khi didu khién AGV di chuyén bam theo quy dao miu s& xuat hién sai s6 va dugc biéu dién
theo cong thuc [6, 7]:

) cosd sing 0] x —X
e=|e, |=|-sin@ cosf 0|y -y (11)
e 0 0 1]6-6

>

Trong d6, X, =|y, | 1a quy dao mau duoc thiét 1ap cho chuong trinh hoat dong ctia AGV.

gr
Tur m6 hinh dong hoc ctia AGV (4) va dao ham (11) ta nhan duoc:
¢ | [cose, O] u -1 e, | y
é, |=|sine, 0 L“ } + 0 —e Ll} (12)
& 0 1t™md o -1

voi U, = = , U= =
u, | o u,| |
B diéu khién cho AGV dugc xay dung nhu sau:
u Vv u, cose V.
u, 1) u, v,
Trong do6, v,,V, la tin hi¢u thich nghi cua b diéu khién duoc dé xuit nhu sau [3-4]:
v] [ 0 0%
= _ e, (14)
v, 0 UK, K,
1 1 e3

Theo [6, 7], sai s6 bam theo quy dao e s& tién vé 0 khi thoi gian t — oo theo tiéu chuan 6n
dinh Lyapunov.

3. THU'C NGHIEM VA THAO LUAN

3.1. Kich ban mo phéng

Str dung robot trong hinb 1 @é thl,}'C nghiém. V6i khoang cach gitr 2 banh xe L=0.47 m, ~ciu:(‘mg
kinh banh xe 0.15 m, van toc tinh tien t0i da Vmax=1 m/s. AGV di chuyén theo quy dao mau nhu
hinh 5 tir diém O (0,0) di qua cac diém A(0,3) , B(1.5,3),C(1.5,0), D45, 0) va tlen dén dich
E(4.5, 3). Muc tiéu quy dao mau AGVy di chuyén nhu sau: AGVR bt dau ting toc véi gia toc
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0.15 m/s?, sau d6, khi dat toc d6 0.3 m/s AGV sé& di chuyén 6n dinh théng dén diém A, khi cach
diém A 0.3 m, AGV s& giam tbc vOi gia toc -0.15 m/s’ va khi dén diém A, AGV s¢ quay goc -
90°, sau do, lap lai qua trinh tang - on dinh - giam van tdc nhu trudc d6 dé tién vé diem B, C, D
va E. Khi di chuyén dén diém dich E AGV s& dung lai.

Quy¥ dao mau X, cia AGV trén ting doan duong theo thoi gian nhu sau:

X, 0 X, 0.3(t-10)
OA:(0s —>10s):| y, |=| 0.3t AB:(10s »15s):| y, |= 3
6. zl2 6.
X, 15 X, 1.5+0. 3(t—25)
BC:(15s > 25s):| y. |=|3-0.3(t-15) CD: (255 — 359): ]
6, -2 6,
X, 4.5
DE : (355 — 45s):| y, |=| 0.3(t —35)
o zl2

f

Khi di qua cac diém hiéu chinh tir O, My, M,, A M, B M., Ms, C Ms, M7, D, Mg, My thi
AGV s€ cap nhat lai gia tri trang thai cac thong sO (bao gdm thong sO vi tri tir Encoder va goc
hudng tir IMU) va bo diéu khién dya trén cac thong sb trén dé diéu khién AGV dan tién vé quy
dao mau.

3.2. Két qua va binh luin

Két qua thu thap quy dao ma robot di dugc trong 3 trudng hop duge biéu dién trén hinh 5 véi
duong di thyc (true), duong di duoc ude luong chi bang phuong phap odometry (encoder),
duong di dqurc’ ude lugng khi ¢6 dung bd loc Kalman véi cam bién IMU (encoder + IMU) va
duong di khi ket hop thém cam bién Hall (Encoder + IMU + Hall).

Két qua vi tri thuc té va sai §6 vi tri cia AGV khi bam :Lheo quy dao miu d}IQrc thé hién ¢ hinh
6 va hinh 7. Bang tryc quan thay ngay quy dao khi dung tong hop cac cam bién encoder, IMU va
cam bién tu hall gan v6i duong di thuc hon so véi truong hop chi dung phuong phap odometry.

35

— - Encoder
= + =Encoder + IMU
M3(0.75,3 -
A(0,3) p=—m ( ) — B(1.5,3) Encoder + INMU + Hall 1» E(4.5,3)
il [ Quf dao mau (] M
ol ] 1!
- '1 . i
25 1 I:' 1 : !
I t [
| ! | ;
- ’I - ""
M2(0,2) £, M4(1.5,2) | It M9(4.5,2)
- . -
\ .
. [
' [ K
= N Lo
= e 1 (B
"Il ]
bR ‘ : 0
. L
M1(0,1) !'»! M5(1.5,1) ‘ |, M8(4.5.1)
4 1
|| i i I
K
0.5 ,I l M l| |
!
1
l' i D
10 M6(2.5,0) M7(3.5,0) | 9 !
05 0(0,0) 05 e e m T ST T Ry Mmoo T g e ¢ e £ mms . i w45 D(4.5,0)
C(1 5,0)

05
X(m)

Hinh 5. Quj dao di chuyén ciia AGV bam theo quy dao mau.
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05 r
——Encoder
04 ——Encoder + IMU
—=—Encoder + IMU + Hall
E 0.3
>
8
B
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a
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0 |l ; -
0 40 80 Time (100ms) 120 160 200
Hinh 6. B¢ léch giita vi tri cia AGV dwoc woce tinh khi bam theo quy dao mau,
theo phwong X(m).
05
—Encoder
04 ——Encoder + IMU
N ——Encoder + IMU + Hall
é 0.3
>
8
g
> 02
[=]
01
0 |
0 40 80 Time (1 OOms) 120 160 200
Hinh 7. B¢ léch giita vi tri cia AGV dwoc woc tinh khi bam theo quy dao mau,
theo phuwong Y(m).

Mot s6 hinh anh thuc té khi thir nghiém:

Hinh 8. Hinh anh thuc nghiém.

R rang v6i viée tich hop thém cécvdiém hiéu chinh tr da gitp AGV tinh toan trang thai quy
dao mot cach sz’it thuc nhat, gitip b di€u khién hi¢u chinh sai s6 dé dua AGV di chuyén bam to6t
theo quy dao mau.

Qualy thuyét va thuc nghiém da minh ching cho thay: khi s dung phuong phap diél} khién
d€ xuat cho xe tw hanh AGV dung cam bin quan tinh va dan duong ao. AGV di chuyén theo
dang quy dao mau va bam tot du c6 xuat hién nhicu do luong ¢ cac cam bicn nhu Encoder, IMU.
Két qua nay da minh chung tinh dung dan cua thuét toan dé xuat va la tién d€ dé ung dung cac k¥
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thuat hién dai hon dap tmg cac yéu ciu cao hon trong xir 1y théng tin ciing nhu diéu khién robot.
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ABSTRACT
GUIDE AUTOMOTIVE VEHICLES USING INERTIAL SENSORS AND VIRTUAL LINES

The navigation method is a very important factor that decides the flexibility and
accurcy of the AGV in different operating enviroments. Each navigation method has an
own method of determining the position and angle of the vehicle. In this research the
position and angle of the AGV are estimated by data of the inertial sensor, the encoder
and caculated by the Kalman filter algorithm. In addition, the measurement errors of
angle and position are corrected when the AGV passes through the magnet reference
points that is embedded under the floor on the virtual paths. The simulation results
received have proved the accuracy of the proposed algorithm.
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