Nghién ctru khoa hoc cong nghé

] Piéu chinh bam quy dao cho robot tw hanh
bon banh lai chi dong 4WD4WS bang vat chuan

Dang Nam Kién', Nguyén Vi, Nguyén Thanh Trung3

Vién Tu dong hoa KTQS (Ctra Bong, Hoan Kiém, HN);

’Khoa Dién, Pai hoc Cong Nghiép Ha Noi (Minh Khai, Bic Tur Liém, HN);

*Khoa Trang bi, Bénh vién TUQD 108 (Bach Déng, Hai Ba Trung, HN).

“Email: vutudonghoa@yahoo.com.vn

Nhdn bai: 15/8/2022; Hodn thién: 03/10/2022; Chdp nhdn dang: 02/02/2023; Xudt ban: 28/02/2023.
DOI: https://doi.org/10.54939/1859-1043.j.mst.85.2023.35-44

TOM TAT

Bai bdo trinh bay phwong phdp iing dung thudt todn ngdam theo diém dich do dé diéu khién
robot tw hanh bén banh ldi chii dong 4WD4WS bam theo dwong quy dao, dwa trén théng tin
cung ccfp vé vi tri thuc té ciia robot bc%ng cdac vt chuan doc theo quy dao. Bong hoc cua robot tu
hanh bon bénh ldi chii dong ciing dirge nghién ciru chi tiét, dam bao dwgc tinh on dinh ciia hé
thong khi vin hanh véi cdc rang budc vin toc va huéng cho tirng banh xe. Qua trinh tong hop
ludt diéu khién dwoc bao dam todn hoc chdt ché. Mé phong trong Matlab thé hién triec quan két
qua nghién ciru.

Tir khoa: Robot ty hanh; 4wd4ws; Bén banh 1ai chii dong; Ngim theo diém dich &o.
1. MO PAU

Véi mdi banh xe duge dan dong doc lap bﬁng dong co dién, robot bdn banh va bbn lai
(4WD4WS) c6 kha nang diéu khién linh hoat va co dong cao, va do d6 tré thanh mot kién tric
Xe dﬁy htta hen [4, 5]. Robot 4WD4WS c6 hai wu diém chinh. Thé nhat, hiéu suét luc kéo, phanh
va 14i ¢6 thé duoc cai thién dang ké, ngay ca trong nhing diéu kién lai xe khic nghiét, nhd vao
su du din dong cta co ciu truyén dong. Thir hai, 6 6n dinh cua goc nghiéng co thé dugc ting
cuong mot cach hiéu qua, vi bon md-to dién co thé dugc diéu khién doc 1ap, co thé tao ra mo-
men xoan thong qua sy chénh 1éch mé-men xoan giita cic mo-to & ca hai bén xe [4], dong thoi,
goc truot bén co thé duge duy tri 6n dinh hon trong viing an toan. Do vdy, robot bn banh va bén
lai dugce str dung rong réi trong nhiéu linh vyc nhu robot phuc vu néng nghiép, robot lam vuon,
robot kiém tra chét luong mat cau,.

Trong bai toan diéu khién robot tw hanh van d& bam diém, bam dudng va diéu khién dé robot
cb mit tai cac diém cong tac dung tu thé, ding thoi diém 1a bai toan ndi bat duge nghién ciru rat
nhiéu hién nay. Ban d6 hoa va dinh vi (SLAM) 1a diéu can thiét cho nhiéu img dung, ching han
nhur téi tao canh, kham pha bang robot va lai xe tu dong [1, 2]. Cac phuong phap SLAM sir dung
LiDAR di thu hat duoc nhiéu sy chu y tir cong dong nghién ctru do do chinh xac va do tin cay
cua chung trong cac phép do pham vi. Tuy nhién, cac phuong phap dua trén LiDAR thuong bi
thua thot dir liéu va gi6i han truong nhin doc (FOV) trong cdc (mg dung thé gi61 thyc [2]. Vi dy:
cac diém ciia LiDAR c6 mét do thap, tao ra mot khdi luong 16n cac ving trong giita hai 1an quét
gan d6. Dic tinh nay thuong khién udc luong trang thai bi suy giam trong moéi truong khong co
cau truc, chang han nhu hanh lang va cau thang hep [1]. Ngoai ra, thiét bi LiDAR ciing c6 gia
thanh tuong ddi cao, c6 thé khong phu hop trong nhiéu img dung.

C6 2 nhém sai s6 khi thuc thi bai toan bam quy dao cho robot tu hanh hay gip phai la sai s6
hé théng (ttr ndi tai hé théng) va nhiéu ngoai sinh [3, 6]. Trong khi sai sb hé théng V041 robot tu
hanh duoc xac dinh chu yéu xuét phat tir 2 nguyén nhéan chinh: su bat dinh cua ban kinh banh xe
va chiéu dai co s& xe (khoang cach ngang giita 2 banh). Pac diém nay 1a khong thé tranh khoi do
viéc sir dung banh dan hdi (banh hoi) va khong thé dé dang xac dinh dugc diém tiép xuc hiéu
qua ctia banh xe, van dé s& cang phirc tap hon néu xe c6 tai thay doi ca vé khoi lugng va diém dat
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trén than xe. Vin d& sai sb hé thong co thé duoc xir Iy tét biang cach hiéu chinh theo phwong
phap UMBmark [3, 6].

Do d¢, voi viée sir dung Odometer nhu 1a mét giai phap do luong duy nhit trong bam quy
dao s& can xir 1y dugc nhidu ngoai sinh vbn dugc sinh ra tir sy khong dong nhét cia bé mat van
dong cuia robot tyr hanh. Sai s6 phat sinh tir nhiu ngoai sinh nay s& khong c6 quy luat nén giai
phap don gian va hiéu qua la hi€u chinh theo giai doan. Hién tai cac nghién ctru trong nude co st
dung cac bién phap dicu chinh dé xir Iy nhicu ngoai sinh khong nhiéu, trong do, [7] thuc hién véi
robot vi sai voi toc do di dong rat thap (0.5 m/s). Ngoai ra, c6 cac nghién ctru [8] va [9] ¢6 sir
dung cac cam bién hinh anh d¢€ diéu chinh viéc bam quy dao cua robot ty hanh, tuy nhién lai
khong dé xuat mot thuat toan di€u khién day du ma thay vao do 1a trinh bay chi tiét viéc trién
khai trén thiét bi thyc. Bai bao nay s trinh bay mét phuong phap sir dung vat chuan dé hiéu
chinh sai s6 theo giai doan trén co s¢ bam quy dao bang phan hoi Odometer ap dung cho robot tu
hanh bon banh 1ai chua ‘dcf)ng gang 4wd4ws véi toc d6 dich chuyén twong doi nhanh (2 m/s) trén
co s mot thudt toan diéu khién tuong minh.

2. NOI DUNG CAN GIAI QUYET
2.1. Pong hoc robot tw hanh bén banh lai chi dong
2.1.1. Bong hoc than xe

Véi 2 hé toa do quan tinh (OXY) va hé toa d6 than xe (B XgYs) biéu dién cac vector %, ¥, 7
theo thi tu 12 van tdc cua xe doc theo X5 , Yy va van tdc goc quay quanh truc thing ding. Trong
do, toa do xac dinh vi tri va trang thai cua xe la n =[x, y, ¥]" twong ng véi dao ham cua ching
lan = [x,,9]"

—

X

Hinh 1. Cdc vector vian téc trong hé toa do quan tinh va hé toa do than xe.

Khi d6, v6i hinh chiéu cta 2 vector %, ¥ 1én hé toa d6 quan tinh ta thu duoc mdi lién hé:

x = wucos(y) — vsin(y) 1
y = usin(y) + vcos(y) @

Trong khi d6, do hai hé toa dé c6 chung truc thing dung nén:

b=r 2
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Tir (1) va (2) ta c6 thé viét duoc hé sau:

x cos(yp) —sin(yp) O0]ru
YI=|sin(@)  cos(¥) 0] [U] 3
| 0 0 ulr
1 + Uecos(y)
ticos(¥)
Z
Hinh 2. Chiéu 2 vector vin toc theo hai hwéng ciia hé toa dé qudn tinh.
Hay:
N =R=*{,v6i{=[u,v,r] (4.2)
cos(yp) —sin(y) O
Do R=|sin(y) cos(y) 0] lakhanghich nén ta cling co:
0 0 1
{=R1x9 (4.b)

Hé phuong trinh (3) ¢6 thé coi la phuong trinh dong hinh hoc cua than xe.
2.1.2. Bong hoc banh xe

Trén than xe gia st | va d 1an luot 1a khoang cach tir tim B ctia than xe dén banh theo 2 tryc
Xg va Yg. Khi d6, véi diéu kién khong c6 hién tuong truot gitra banh xe va mat duong véi van toc
than xe ¢ thi cic banh xe phai dam bao dugc rang budc vé van tdc va hudng theo cac phuong
trinh dong hoc dudi day.

Goi v;1a van toc cua 16p xe th i :

v; = wiRp ®)
Véi Rg 1a ban kinh banh xe, w; 1a van toc goc ctia banh xe.
Goi 6; 1a goc hudng cta banh xe thir i, khi do6 ta co:

Vi = u—1rl = v;cos(6;) 6
{viy =v+rd= visin(ei)} 6)

Khi d6, ta c6 thé thu duoc V; va 6;:
0; = atan(v;y, /v;y) (7)
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v, = /vizx + vizy = vy, /sin(6;)

(8)

Twong tu nhu ta xdy dung dugc hé phuwong trinh cho tit ca 4 banh, chii y ring toa d6 ctia cac

banh trong hé toa d6 gin lién dugc xac dinh theo hinh 3 dudi day:

VX1 0 =17
Vivlo 1 d
Vx| [1 0 =L,
VayLl0 1 —d [v]
Vax| (1 0 I .
v3y 0 1 —-d
Uge | [T O 1
(V4yl LO 1 d -
Hay c6 thé viét thanh dang:
V=W=x(

Tir (4.b) va (10) ta c6:

©)

(10)

(11)

a

b

Hinh 3. a, Bong hinh hoc ciia mét banh xe Wi, b, BO tri thir tw cdc banh trén than xe.

Tt (9) nhan thay ton tai mot s6 rang budc v€ van toc va hudng cua cac banh xe dé¢ dam bao

cac banh xe khong bi truot trén duong:

Vax = Vix
Vsx = V3x
Vgy = U1y
U3y = Uy

Viy—V2
Vagy = Uy + —2—2 x|

Dt v =[Vax Vay Voy]", khi d6, Ve =[Vox Vay Vay Vi Vay]" VA V¢ xac dinh nhu sau:

(12)
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[1 0 0
l l
Log ~apv
vp=|0 0 1 \vly] =W,.v; (13)
1 L _L v2y
d d
0 1 o0
DPong thoi:
1 0 -1
=0 1 d|{=W..¢ (14)
0 1 —dl
= RW, v, (15)

Nhu vy, tir gia tri yéu cau ) véi cac thong s hé thong da biét (R, Wiy, ta hoan toan co thé
tim duoc V tir d6 tim duoc cic gbc quay ; va v; cua timg banh. Nguoc lai khi biét vy, Viy, Voy
thi cac thanh phﬁn khéc cta vén tdc dai cac banh duoc xac dinh theo (13), khi do, van tdc cua xe
trong h¢ toa do quan tinh dugc xac dinh theo (15).

beé thuan tién cho qua trinh dieu khién van toc va hudng cua tung banh, cac phuong trinh trén

dugc viét lai nhu sau:
v, = fvlzx +vi;
v, = /vlzx +v3,; (16)

U1y
—)
X

6, = atan
o = atan(;;

Néu cho trude vy, v,va 0,V6i |v,| > |vcos(68;)], van toc va goc hudng cia cac banh xe con
lai dugc xac dinh nhu sau.

( R ”22—(1’1C05(91))2
92 = atanTwi)
vy = \/(vl cos(6;) + (v, sin(6,) — v,sin(6,)) 5)2 + (v,sin(6,))?
3 6; = atan 22510 (0%) ? (17)

v4 cos(01)+(v4 sin(6,)—v, sin(ez))é

Uy = \/(vl cos(6;) + (v, sin(6,) — v,sin(6,)) 5)2 + (v,sin(6,))?

v,5in(61)

0, = atan - . ;
\ v4 cos(61)+(v1 sin(01)—v, sm(@z))a )

2.2. Piéu chinh bam qu§y dao cho robot tu hanh 4WD4WS

Dé xac dinh toa d6 cuia robot trong hé toa do quan tinh, st dung cong thire (15) voi gia thiét
trong qua trinh di€u khién van toc va hudng cua cac banh xe phu thudc dugc duy tri chinh xac
theo di€u kién rang budc (17), con van toc va hudng clia banh xe so6 1 va van toc cua banh xe so
2 do dugc. Nhu vay, (14) l1a phuong trinh quan sat.

Gia su robot phai bam theo duong quy dao nhung vi tri cia n6 khdng phu thudc vao thoi
gian. H¢ thong diéu khién bao gém hai vong diéu khién, vong diéu khién din duong xac dinh
goc huéng mong mudn cua robot va vong didu khién hudng, didu khién robot bam theo hudng
dd dugc vong diéu khién dan dudng xac dinh. Vén tdc cua robot 13 u=v,, v=0, r thay ddi, la bién
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diéu khién dé cho huéng ciia robot bam theo hudng ma vong diéu khién din duong dua ra. Khi
d6, mod hinh dong hoc cua hé¢ thong diéu khién bam theo dudng cua robot car c6 dang nhu sau:

- Vong dan duong:

Vb = Vcsin(¥p)
p=b=r= dsin(@l)lfi-clcos(el))
O day, Y la sai s0 ngang hay la khoang cach tir robot car dén duong quy dao; ¢ la géc gira
truc cta robot car v4i duong quy dao. Ap dung thuat toan ngam theo diém dich ao. Khi do
bg = —atan% (19)
V6i b 1a tham s dic trung ciia diém dich o.
Khi chon ve=const, van toc cta banh xe duoc xac dinh nhu sau:

Ve
1= cos(61) (20)

Nhu vay, véi rang budc van téc dai cua robot car khong doi, van téc dai caa cac banh cé gioi
han thi géc 6, ciing c6 gigi han:

(18)

O1max = acos(vlmax) (21)
Gia st |01 max| = /4.
- Vong diéu khién gdc lai:
.o Ve
p=y¢= gsin(91)+lcos(91) NO1max| = %;tan(elmax) =1 (22)
1= U

Véi gi tri mong mudn ¢, = —atan% duogc xac dinh tir vong dan duong. Dé hé thdng hoat

~ X . H 2v¢
dong on dinh, |¢dmax| = (1—aWz
. 2
bitkyc = -awz
Tinh dao ham cua ¢, trong trudng hop vong didu khién goc 1ai dam bao ¢ = ¢4
. 1 1 in(d) b? )
= % — % e —
2v, . b2
bé |¢d| =@ ;)\/_ thi 557177 sin(¢q) < ky hay bsm(qbd) < b? 4 y? (23)
Diéu kién (22) xay ra khi b>— . Dé dam bao toc do tiép can duong quy dao chon

yc

b=10>k— = 0.0707, v6i 1=0.3 m va d=0.2 m.

yc

Heé (22) 1a hé tich phan kép. Dé diéu khién hé nay chon bo diéu khién ty 1¢ c6 hé s6 khuéch dai
16n. Tuy nhién, vi 6; 6 gidi han nén viét lai he (21) thanh h¢ bac nhét diéu khién theo 6. Gia tri
mong mudn ciia goc A; duoc xac dinh bang ham atan dé dam bao khong vuot quéa muc /4 :

614 = >atan[B(q — b)) (24)

Trong do6, B la tham s tly chon.
Khi d6, 1énh diéu khién u duge xac dinh nhu sau:
uy = ky (014 —61) + Hid (25)
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cua banh 1ai 1:

Vi u ciing bi giéi han bai gié tri Upanén thyc chét 1énh didu khién u 1a khau gi6i han.
Két hop thudt toan dan duong voi thuat toan didu khién goc 14i, nhan duoc 1énh diéu khién

= Iy (atan(B(pa = $)] = 01) + 5750557 B (B — @)

(26)
Céc goc lai khac ciing dugc diéu khién twong ty theo hé phuong trinh din duong nhur sau:
¢

Ve Ve Ve

(27)
Dong thoi cac goc hudng ciia cac banh xe va van toc ciia né phai dap @ng rang bugc (12) véi:

Vig =V —lr=v,—l¢

- dxsin(6,)+1xcos(64) - —dxsin(0,)+1xcos(65) - dxsin(03)+1*cos(63) - —dxsin(64)+1*cos(4)

Vyy =V +dr =v, + d¢ (28)
v2y=vc—dr:vc—d¢5
3. MO PHONG, TiNH TOAN, THAO LUAN

Bai bio chon md phong cho quy dao thang voi hudng dich chuyén trung véi truc X cua
khong gian quan tinh véi toc d§ Ve=2m/s, nhu vay, ta c6 dau vao nhu sau:

xd=2t
Pg=0

Piéu kién ban dau, robot & vi tri ¢ toa do 1a

(29)
xO = 0
Yo =10 (30)
Yo =0
Sai 56 vi trf la mot ham ngdu nhién duogc xéc dinh tai diém checkpoint.
= ] w = ) x X
: WheelFK n .
L Py S
e FK Integrator1 i
Controller _L’"a" P ps_dot Calibration
(]
WheelFK FK

Integrator2

Hinh 4. So' @6 mé phong hé thong diéu khién theo dich ngdam do.
Céc khéi trong md hinh mé phong nhu sau:

+ Khdi 1 Psi_d: tao ra goc hudng yéu cau tir phan hoi do 1éch theo truc y;

+ Khéi 2 Controller: tinh u; tir phuong trinh (26), tinh @ theo hé phuong trinh (22), tinh ¢
theo (27) va tinh vy, Vay, Vo, theo (28);

+ Khdi 3 WheelFK: tinh v; theo rang budc (13), tinh v; theo (16), (17), va tinh T theo (14)
va (15);
+ Khdi 4 FK: tinh 7 theo (15);

+ Khbi 5 Calibration: gia lap diéu chinh sai s6 do nhidu ngoai sinh sau mdi khoang cach dich
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chuyén 60 m.Trong do, dau ra sai léch theo chiéu y lai dugc phan hdi vé khéi 1, dau ra goc
huéng ciing duoc phan hoi vé khéi 2 va khéi 4 dé thuc hién cac budc tinh toan. Hinh 4 thé hién
so d hé théng diéu khién ciia robot.

Két qua thu duoc thé hién trong nhitng hinh 5, hinh 6 va hinh 7. Trén hinh 5 thé hién tin hiéu
hi€u chinh gia 1ap cho vi tri va hudng cia robot. Cac tin hi€u hiéu chinh nay duogc cdng vao giad
tri ctia vi tri va hudng ma robot udc tinh trudc do dé tra vé gia tri vi tri va hudng thuc té cua
robot. Thoi diém thuc hién cac hiéu chinh nay 1 sau mdi 30 s, v6i van téc khong d6i 2 m/s
tuong tmg voi 60 m dudng di cia robot. Theo d6, sai 1éch vé vi tri theo truc Y cua robot khong
vuot qué 0.2 m va sai léch goc khong vuot qua 5 @6 phu hop voéi thuc té dugc kiém chung sau
khi da 4p dung phuong phap hiéu chinh v&i sai s6 hé thong [3].

0.2 5 '
<
< . F
3 & L
-0.2 . : L L -5 L 1 I I |
0 50 100 150 200 250 0 50 100 150 200 250
Thoi gian, [s] Thoi gian, [s]
Hinh 5. Tin hiéu hiéu chinh gia ldp cho vi tri (truc Y) va huéng cua robot.
15 \ \ \ ‘ 20 \ \ \ \
10 | 0.2 1 O L \_‘ —_— N
-<< 0 t§5~_20 | 4
"‘_| 5 02 . E 2
él 30 40 50 60 70 80 90 I'o_‘) _40 '
or . | -60 s 40 60 80 100 120
-5 . . : : -80 ‘ ‘ ‘ :
0 50 100 150 200 25 0 50 100 150 200 25(
Thoi gian, [s] Thoi gian, [s]
Hinh 6. Vi tri (truc Y) va huéng cua robot sau hiéu chinh.
15 ;
1 () g 0.2~ |

< V s
Eh *

60 80 100 120 140 160 180 200

L P P |
" v

0 100 200 300 400 500
X, [m]

Hinh 7. Vi tri cua robot sau hiéu chinh.
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Hinh 6 va hinh 7 thé hién tac dong ctia bo diu khién 1én quy dao cta robot sau mdi 1an hiéu
chinh, trong d6 do khong danh gia sy dich chuyén cta robot doc theo truc X nén chi kiém tra kha
ning ldy lai gia tri thuc sau hiéu chinh cua truc Y va hudéng cta robot. Nhan thay rang, voi
khoang cach 60 m mot 1an hiéu chinh thi robot hoan toan co thé 14y lai duoc quy dao yéu cau
trong thoi gian ngan hon 30 s dap tmg dugc quy dao yéu cau. Hinh 7 thé hién duoc quy dao ctia
robot trong toan thoi gian m6 phong, trong do, cac tac dong cua bo diéu khién giap robot 1y lai
duoc quy dao yéu cau va bam theo dudng quy dao 1 rat rd rang.

Ket qua md phéng th'e hién ro kha nang cua robot sau hi¢u chinh lay lai duoc quy dao mong
muon trong thoi gian ngan, dap ing dugce yéu cau bam theo dudng quy dao.

4. KET LUAN

Bai bao di trinh bay mot cach ing dung thuat toan diéu khién ngam theo diém dich ao khi
xem xét bai toan bam quy dao cho robot ty hanh bén banh 1ai chu dong 4WDA4WS, theo do,
nhiéu ngoai sinh c6 the duogc xac dinh hoan toan va dugc hip thu trong thoi gian ngan dam bao
dugc duong di thuc té clia robot it bi sai léch so véi duong di mong mudn. Trong d6, tc do dich
chuyén cta robot ty hanh duoc nghién ctru & mic 2 m/s cao hon nhiéu so véi phan 16n cac
nghién ctru trude day. V6i két qua do, phuong phap nay co thé img dung cho céc loai robot tir
hanh véi gia thanh thip ma vin dam bao dugc hidu qua cao khi st dung. Két qua nghién ctru
dugc ching minh toan hoc chét ché va mé phong truc quan.

Loi cam on: Nhom {dc gida cam on sy hé tro cia phong Robot & TPH linh hoat, Vién Tw dong hoa
KTOS trong dé tai ma so DPTVCN.02.21/TPHKTQS.
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ABSTRACT

Path following calibration for four-wheel-drive/four-wheel-steer mobile robot (4WD4WS)
by referrence objects

In this paper, a method of applying the virtual target targeting algorithm to control
the four-wheel-drive/four-wheel-steer mobile robot (4WD4WS) to follow the trajectory,
based on information about the actual position of the robot by reference objects along
the trajectory is presented. The kinematic of four-wheel-drive/four-wheel-steer mobile
robot were also studied in detail, ensuring the system's stability when operating with
speed and direction constraints for each wheel. The process of synthesizing control laws
is strictly mathematically guaranteed. The simulation in Matlab shows the research
results visually.

Keywords: Mobile robot; Path following; Four-wheel-drive/four-wheel-steer; 4WD4WS.
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