Nghién ciru khoa hoc cong nghé

PIEU KHIEN ROBOT 4 BANH OMNI THEO QUY PAO CONG
CHO TRUOC DUOI DANG PHUONG TRINH

Ng6 Trong Hoan", Pham Thanh Long

Tom tit: T rong thi déu robocon ludt choi sé cho trude do hoa mdt san, viéc rit ngd'n di
chuyén giita hai diém cho truée trén mdt san két hop tranh vit can lam cho quy dao di
chuyén t6i wu thuong la dwong cong thay vi dwong thang. Thong thuong dd chinh xdc cia
cdc vi tri dau - cudi ciia robot quan trong hon do chinh xac ban than quy dao khi thi dau.
Tuy nhién, s6 lwong quy dao cu thé khd nhiéu doi véi robot tw dong da ddt ra mot van dé
la can c6 phiong phdp mé ‘ta quy dao ciing nhw nhdp dit liéu hiéu qud cho robot daé dap
uwng d‘ong thoi ca hai yéu cau nhanh chéng va chinh xdc. Bdi bdo nay de xuat mot phuong
an de giai quyet van dé néi trén thong qua si dung véc to dan la tiép tuyén cia quy dao tai
méi diém chot két hop véi cdc thong sé dong hoc ciia robot. Muc tiéu cia ching t6i ¢ ddy
la vé dwoc ddac tinh chuyén Vi cua tung dong co ung voi quy dao cho trucc cua bé. Vi tri
ddu cudi ciia robot dwoc can cir vao két qua do tir cdc cam bién laser dé hiéu chinh riéng
biét sau khi quy dao hoan thanh. Két qua thi dau nam 2020 ciia déi CK3 TNUT cho thdy,
cdch lam nay mang lai hiéu qua kha tot véi robot tw dong, c6 thé rit kinh nghiém cho cdc
ldn thi dau tiép theo.

Tir khéa: Banh omni; Tiép tuyén; Robocon; Diém chét; Quy dao.
1. MO DAU

Trong thi du robocon toc do va do chinh xac cua robot ty dong déng vai tro quan trong trong
gianh phan thing. Bé di dong st dung bdn banh omni véi ba béc tu do trén san phiang 1a luya chon
s0 mot cho muyc dich nay. Voi s6 lugng quy dao da dang phai thuc hién, viéc vao sd liéu cho
robot ty dong can co phuong phap dé dam bao rang chi voi mot sb mo ta hiru han s& c6 dugce
luong thong tin ddy du nhéat dé hinh thanh chuong trinh diéu khién theo yéu cau.

Céc nghién ctru gin day déu tap trung vao hudng ting do linh hoat cta robot khi hoat dong
trong cac moi trudong dia hinh khac nhau tmg vdi tng mua thi robocon. Cac hudng nghién ctru
vé co khi tap trung vao cc co cau, co ché thiét bi chap hanh truyén dong linh hoat va thich
ung [1-4].

Pi c6 nhiéu cong trinh nghién ciru vé dong hoc cho omni robot ba banh [3, 5-7]. Tuy nhién,
dong hoc cho omni robot bon banh khéng don gian nhu véi omni robot ba banh vi sé lwong dau
vao va dau ra khong ti 1€ v&i nhau dé co thé nghich ddo ma tran cho bai toan dong hoc ngugc.
Bai bio nay dua ra mot cach gidi quyét bai toan trén bang viéc str dung vector dan la tiép tuyén
quy dao ciia mdi diém chdt két hop voi cc thong sé dong hoc cia robot.

2. MO HINH PONG HQC BE DI PONG DUNG BON BANH OMNI

‘

Hinh 1. @) Dich chuyén chii dong. b) Dich chuyén thu déng.

2.1. Xy dung Iy thuyét
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Vé banh omni 13 banh xe c6 cau trac dic biét voi hai bac tu do, nd ¢ kha nang di chuyén nhu
banh xe thong thuong khi dong vai tro banh chu dong, tirc 1 quay xung quanh tryc banh xe. Khi
dong vai tro banh bi dong, né co thé di chuyén véi ma sat rat nho bang cach lan khong truot theo
hudng ctia truc banh xe nhd cac con ldn phu bb tri so le hai hodc ba 16p véi nhau (hinh 1), trong
truong hop nay ma sat sinh ra & tiép xuc con lin va truc d& cta no.

Vé bé di dpng ding bdn banh omni khac v6i banh xe théng thuong hodc banh mecanum, hai
tryc banh xe cua b¢ dung banh omni tryc giao v6i nhau (hinh 2). Chon hé quy chiéu di dong
lelyl gan vO1 bé va hé quy chiéu co s& Ouxoyo nhu hinh 2 va quy dinh chiéu quay duong cua bé
la chiéu nguoc kim dong hd xung quanh truc z ciia hé quy chiéu d6 khi nhin tir nguoc chiéu tinh
tién duong, quy dinh chidu quay duong cta chuyén dong chu dong la chiéu thuan kim déng ho
khi nhin theo truc banh xe hudng vao tam b¢. Goc ban dau cta hé 1a goc gitra hai truc X1 va Xq ky
hiéu 14 op. Néu bé da xoay khoi goc ban dau cin cap nhat goc niy trong cac tinh toan tiép sau do.
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4
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Hinh 2. Mé ta cdc hé quy chiéu gdn véi bé di dong va dinh huéng ciia bé.
2.2. Gia thiét ban dau

Goi cac tham s6 ngo ra cua diéu khién 1a V (m/s) va a (rad) lan luot 14 van tdc dai cua bé va
goc dinh hudng chuyén dong (khi dich chuyén theo V bé khong xoay, oy = const).

Vé mo hinh dong hoc cua b¢ khi dich chqyén tinh tién da hudng xét trong hé quy chiéu [Suy
Oy, gid sur rang, cac tham s6 ngd ra ¢ thoi diém bat ky ma bé can dat 1a (V, a), tac 1a van toc dai
V theo goc a. Cac ngd vao can tinh toan tuong ung 1la V; + V,.

2.3. Xay dung phwong trinh
Céc quan hé hinh hoc ctia bé cho phép xay dung cac quan hé sau trong hé quy chiéu O;:
V, =-0.7V, +0.7V,

V, =-0.7V, —0.7V,

V,=0.7V, - 0.7V @)
3 — VeIV ULV
V, =07V, +0.7V,
Trong d6, theo hinh 2 thi quy déi giita V va Vx, Vy theo quan hé luong giac sau:
V, =V cos(a)
V, =Vsin(a) @)
y

140 N. T. Hoan, P. T. Long, “Piéu khién robot 4 banh omni ... duéi dang phwong trinh.”



Nghién ciru khoa hoc cong nghé

Nhu viy, néu cho trude (V,o) thi theo (2) tinh dugc (Vi Vy) thé vao (1) tinh dugc Vi +Vy,
can clr vao dudng kinh banh xe ommi tinh dugc van tde goc dau ra hop giam tdc:

@, = Ti(rad /s) (3)

Goi Vi 1a van tbc tuyét ddi cuia bé trong hé quy chiéu Oy, khi vi tri ban dau ciia bé c6 dinh
huéng o, #0 cac quan hé (1) va (2) dugc viét lai (4) va (5) trong hé quy chiéu co so O:
V, =-0.7V, cos(er,) cos(er) + 0.7V, sin(e, ) sin(r)
V, =-0.7V, cos(a, ) cos(er) — 0.7V, sin(e, ) sin(ex)

V, =0.7V, cos(e, ) cos(er) — 0.7V, sin(e, ) sin(ex) “)
V, =0.7V, cos(e,) cos(a) + 0.7V, sin(e, ) sin(ex)
V,, =V, cos(e,) cos(er)
{VYO =V, sin(e,)sin(«) ©)
Gia sir phuong trinh quy dao trong hé quy chiéu co sd cho bai (6) nhu sau:
CoyEt ©)
Goc dan hudng «a 6 thoi diém t = t; trén quy dao nay cua bé khi ndé bam theo xac dinh boi:
a=tan[f I(X)]t:ti ©)
Do dai cia quy dao xac dinh béi tich phan duong loai 1 nhu sau:
L= f()ds )
Do van tdc cong nghé V cho trudce, thoi gian dé di hét quang duong nay xéac dinh boi (9):
. j f\(/x)ds ©
Neéu toan by quy dao cap nhat dir liéu vé hudng di chuyén « tat ca n lan cach déu nhau:
A=t (10)

n

Nhu véy, néu déu din cap nhat goc o sau nhimng khoang thoi gian At thi viée xac dinh céac
dac tinh dong hoc theo (3) hoan toan kha thi. Mot 1ap trinh don gian cho phép quy doi toan bd
quy dao (V, a) trong khong glan cong tac thanh quy dao V; + V, trong khong gian khép phuc
vu 1ap trinh cho thiy nhu trong phan tiép theo.

3. MO PHONG, TiINH TOAN, THAO LUAN
3.1. S0 liéu dau vao

Xét bé di dong robot TR cuia doi CK3 TNUT véi cac tham s6 nhu sau:

Puong kinh banh d = 127 (mm);

Quy dao gilra hai diém dﬁu cuéi tuan theo phuong trinh y = 5x? - 2x + 3 trong hé quy chiéu co
s0, diém dau (x = -2400, diém cuodi x = 2400 mm);

Goc xuit phat cua bé 14 tiép tuyén dau cua qui dao tai x = 0 va trong qua trinh bam theo quy
dao ndi trén bé khong thay ddi tu thé o, = —15°. Yéu ciu xéc dinh dac tinh van tde Vy + V, dudi
dang quy dao khi lay véan tdc cong nghé Vo = 0.25 (m/s), cap nhat dir liéu dan huéng n = 50 lan
cho toan quy dao.
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3.2. Két qua mé phéng
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Hinh 3. Cdc vdn toc ciia timg banh xe sau khi gidi bai todn nguroc.
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Hinh 4. Quy dao trong tam ciia platform khi chay tw dong.
4. KET LUAN

Viéc két hop dic trung quy dao va mé hinh dong hoc cta robot ddn dén mé hinh hoa bai toan
nguoc dong hoc. M6 hinh nay gitip x4c dinh cac tham sé dong hoc trong khong gian cong tac
phuc vu diéu khién tu ddng cho robot. P chinh xac cia quy dao phu thudc vao s6 1an cap nhat
dir liéu hudng cua toan bd quy dao, s6 1an cap nhat tdi da phu thudc vao nang lyc cta vi diéu
khién sir dung trén robot. Viéc giai quyét dinh hudng ctia robot nén thyc hién & diém cudi bang
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mdt ciu lénh riéng tach roi véi phan di chuyén ndi trén. Sy ranh mach vé quan diém diéu khién
va cach st dung dir li€u cong nghé nhu trong bai giam bot dang ké khoi Iugng nhap di li€u khi
xay dung chuong trinh cho robot tu ddng theo trai nghiém cua ching t6i
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ABSTRACT

CONTROLING 4- WHEELED OMNI ROBOT UNDER THE PREVIOUS CURVED
TRAJECTORY FORMED BY EQUIPMENT

According to the rules of robot competition, the surface graphics is given before the
competition. The combination of shortening the movement between two given points on the
ground and avoiding obstacles makes the orbit move like a curve instead of a straight
line.Normally, the accuracy of the robot terminal position is more important than the
accuracy of the orbit itself in the game. However, because of the large number of specific
orbits,it is essential to have an efficient method of orbit description as well as efficient
data entry for the robot in order to satisfy both requests simultaneously and exactly.This
paper proposes a plan to solve this problem by using a normal vector which is the tangent
of the orbit at each keypoint in combination with the robot's kinematic parameters. The
robot terminal position is based on the measurement results from the laser sensors for
separate calibration after the orbit is completed. The results of the CK3 TNUT team in
2020 show that this method is quite effective in automatic robots, which can give
necessary experiences for the next matches.

Keywords: Wheeled omni; Tangen vector; Key point; Robot; Orbit.
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