Robot tu hanh

Loi noi dau

Robot tu hanh (Mobile Robot) la mét thanh phan cé vai tré quan trong trong nganh
Robot hoc. Ciing voi su phat trién manh mé cia cdc hé tho”'ng Co - DPién tur, robot tu hanh
ngady mét duwge hoan thién va cang cho thdy loi ich ciia né trong céng nghiép va sinh hoat.

Mot van dé rit dwoc quan tam khi nghién ciru vé robot tw hanh la lam thé ndo dé robot
c6 thé di chuyén t6i mot vi tri xdc dinh ma co thé tw dong tranh dwoc cdc chuong ngai.
vt trén dwong di. Tiéu ludn nay c¢6 muc dich dwa ra cdc phirong phdp dé gidai quyét vin
dé trén. Trong phan mét, chiing t6i xét 2 cdch gidi bai todn tim dwong cuc bg va toan cuc
doi véi mot robot c6 mé hinh dong hoc cho trudc, sau do tién hanh mé ) phong thir nghiém
trén mdy tinh. Phan hai ciia tiéu ludn tdp trung vdo gioi thiéu cac cam bién, cdc mach
phan ciing diéu khién mgt robot ti hanh cu thé da cho chay thir.

Chiing em xin chan thanh cam on nhitng goi y, chi dan rat quan trong cho dé tai nay
cua PGS.TS Ta Duy Liem. Thay ciing dd ciing cdp cho chiing em nhitng kién thirc va tai
liéu Robotics can thiét trong hoc ky vira qua. Chiing em hy vong ddy sé la mt tiéu ludn
c6 ich cho nhitng ai yéu thich dé tai nay.
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PHAN 1
GIAI BAI TOAN TIM PUONG

TRANH VAT CAN CHO ROBOT
TU HANH

> Gidi thiéu vé robot tw hanh
» M6 hinh dong hoc cua robot tw hanh
> Giai bai toan tim dwdng cho robot tw hanh
v Dat van de
v Bai toan tim dwodng cuc bd (local navigation)

v Bai toan tim dwdng toan cuc (global
navigation)

Nguyén Vii Quang - Doan Nam Théi 3



Robot tu hanh

I. Gi&i thiéu vé robot tw hanh

Robot tyr hanh hay robot di dong (mobile robots, thudng dugc goi tit 1a mobots) dugc
dinh nghia 1a mot loai xe robot co kha nang tw dich chuyén, tw van dong (co thé ldp trinh
lai dvwoc) duoi sw dién khién tu dong dé thye hién thanh cong cong viéc duoc giao.

Theo Iy thuyét, méi trudng hoat dong ctia robot tyr hanh c6 thé 1a dét, nudc, khong khi,
khong gian vil try hay su to hop giita chiing. Dia hinh bé mat ma robot di chuyén trén d6
¢6 thé bang phang hoic thay doi, 16i 16m.

Theo bd phan thuc hién chuyén dong, ta co thé chia robot tu hanh lam 2 16p: chuyén

d6ng bang chan (legged) va bang banh (wheeled). Trong 16p dau tién, chuyén dong c6
dugc nho cac chan co khi bat chude chuyén dong clia con nguoi va dong vat (hinh 1.1g,
h). Robot loai nay c6 thé di chuyén rét tot trén cac dinh hinh 16i 16m, phirc tap. Tuy nhién,
cach phdi hop cac chan ciing nhu vén dé giit vimg tu thé 1a cong viée cuc ky khé khan.

L6p con lai (di chuyén bang banh) to ra thuc té hon, chiing c6 thé 1am viéc tdt trén hau
hét cac dia hinh do con nguoi tao ra. Piéu khién robot di chuyén bang banh ciing don
gian hon nhiéu, gan nhu luén dam béo tinh 6n dinh cho robot. Lép nay c6 thé chia 1am 3
loai robot: Loai chuyén dong bang banh xe (phd bién) (hinh 1. la, b, ¢, f, 1), loai chuyén
dong bang vong xich (khi can m6 men phat dong lon hay khi can di chuyén trén ving
dam lay, cat va bang tuyét) (hinh 1.1d, ), va loai hdn hop banh xe va xich (it gap).

Tiém nang tng dung ctia robot ty hanh hét stc rong 16n. C6 thé ké dén robot van
chuyén vat liéu, hang héa trong cic toa nha, nha mdy, cira hang, san bay va thu vién;
robot phuc vu quét don dudong phd, khoang chan khong; robot kiém tra trong méi truong
nguy hiém; robot canh gac, do tham; robot kham pha khong gian, di chuyén trén hanh
tinh; robot han, son trong nha may; robot xe lan phuc vu nguoi khuyét tat; robot phuc vu
sinh hoat gia dinh v.v...

Mic du nhu cu tng dung cao, nhung nhitng han ché chua giai quyét duoc cia robot ty
hanh, nhu chi phi ché tao cao, dd khong cho phép chung duoc sir dung rong rai. Mot
nhuoc diém khac cua robot tir hanh phai ké dén 1a con thiéu tinh linh hoat va thich ting
khi lam viéc ¢ nhing vi tri khac nhau. Bai toan tim duong (navigation problem) cta robot
tu hanh cing khong phai 1a loai bai toan don gian nhu nhleu ngudi nghi lac ban dau.
Trong tiéu ludn nay, bai toan tim duong s& duge giai quyét & muc do khong qua phire tap.
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b)

Nomad 150

Hinh 1.1. Mt s6 hinh anh vé robot tw hanh
a) Robot Nomad 150. b) Su két hop giita robot ty hanh Nomadic XR4000 va canh tay
robot PUMA 560.  ¢) Robot “con riia”. d) Robot Houdini di chuyén bang banh xich
€) Robot ban tir dong nghién ciru & ving cuc bic. f) Robot SRR va FIDO cua NASA
g) Robot ti hanh bang chan Spiderbot di chuyén trén sao Hoa. h)Robot sau chan Genghis
i) Robot Meet Timbot ding test cac phan mém hé thong nhiing trong phong thi nghiém
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Il. M6 hinh déng hoc robot tw hanh

M hinh két ciu

Hinh 1.2. M6 hinh két cAu ciia robot

Két ciu robot Iyra chon gdm 4 banh trong do ¢6 2 banh chu dong (phia sau) va 2 banh
tuy dong co kha nang quay tuy y. Voi két cdu co khi nay robot c6 kha ning di chuyén rat
linh hoat: tién, 1ui va quay mot goc bat ky.

Pong hoc cia robot

b
N Goi As,, As, la

doan dich chuyén
cua 2 banh chu
dong. Ta co

As, = Agp,.r

As, = Ag,.r

vol Ag,, Ap,, r
lan luot 1a luong
dich chuyén quay
va ban kinh cua 2
banh chu dong.

oY

"

Hinh 1.3. Dong hoc cia robot

T 1a khoang cach gitra 2 banh. Rp, AY 1a ban kinh quay va goc dich chuyén cua robot
trong mat phang nam ngang. Khi do:

T As2+As1) AW _As, —As

2 As, — As,

Trong tiéu ludn nay, ta chi xét 2 trudng hop dic biét cua chuyén dong:

Khi As, =As,: R, =0, A¥Y =0, robot di theo quy dao 1a duong thang (tién hodc Lui)

Khi As, =—As,: R, =0, A¥Y =2As, /T, robot quay quanh diém giita 2 banh xe D.

D~
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Ax , Ay : lugng dich chuyén theo 2 phuong ciia hé toa do gin véi robot:
Ax = R, sin(AY), Ay = R, (1-cos(AY))

AX , AY : luong dich chuyén cua robot theo 2 phuong gin véi hé toa do gdc:

AX | | Ax —Ay | cos(AY)

AY| |Ay  Ax | sin(AY)
Vi tri ctia robot dugc xac dinh boi toa do géc cia D (Xp va Yp) + géc dinh huéng ¥, toa
dd tai thoi diém tha (1) dugc xac dinh nhu sau:

lPD(i) lPD(H) A\PD(i)
XD(i) = XD(H) + AXD(:’)
YD(i) YD(i—l) AYD(:‘)

Giai bai toan tim dwéng cho robot tw hanh

1. Dit van dé

Do duong (navigation) 1a mot khoa hoc (hay ngh¢ thuat) dan huéng robot ty hanh di
chuyén trong khong gian 1am viéc cta no (dat, nudc, khong khi...). Trong van dé do
dudng, bai toan duoc quan tAm nhiéu nhat ¢ 1& 13 tim duong vé dich ma khong cham vat
can trén duong di. Co hai loai bai toan tim duong cho robot: bai toan cuc bd (local) va bai
toan toan cuc (global). Trong bai toan toan cuc, ban dd moi truong lam viéc cia robot
hoan toan duoc biét trude, van dé chinh phai giai quyét 1a im dugc dudng di cho robot
trude khi né xuét phat. O bai toan cuc bd, moi truong lam vi¢c cua robot hoan toan khong
duoc biét trude hodc chi biét duge mot phﬁn, robot hoan toan phai nho vao sy cam nhan
moi truong thong qua cam bién gén trén n6 dé do duong.

Bai toan toan cuc to rd 1oi thé 1a ta d biét trude co duong di (t6i vu) toi dich hay khong
trude khi cho robot khoi hanh. Tuy vy n6 c6 han ché 1a doi hoi nhiéu 1énh tinh toan va
bo nh¢, va dic biét tinh hudng xau co thé xay ra néu ban dd moéi truong lam viéc khong
duogc khai bao chinh xac, yéu cau biét trudc hoan toan moi truong hoat dong cting 1a mot
nhuoc diém ctia nd. Trong khi d6, robot tim dudng cuc bd chi biét duge thong tin xung
quanh qua sensor cam nhan moi truong gan cung. Vi thé, robot tim dudng cuc bo co thé
khong hoan thanh viéc toi dich (mac du thuc té c6 duong di tdi dich), khai niém t6i wu
khong c6 ¥ nghia trong bai toan nay. Tuy nhién, yéu cau tinh toan, dung lugng nhd thap
cung tinh linh hoat cao (nhu tranh dugc vat can ngay ca khi vat d6 di dong) khién tim
dudng cuc bd trd thanh mot cong cy manh cia robot ty hanh. Hién nay, cach tiép can két
hop gitta cuc bd va toan cuc dang & ngay cang phd bién, gitip robot ty hanh ting tinh linh
hoat va hi¢u qua.

Trong tiéu ludn, chung t6i tip trung vao giai quyét ca hai bai toan nhung & mutrc d6 don
gian. Moi truong hoat dong cta robot 1a mot mit phing, duoc gidi han béi cac buc tuong.
Céac vat can dugc xem 1a vat can hai chiéu, 7ink hodn toan. Trong bai toan cuc bd, robot
duoc trang bi 3 sensor xac dinh khoang cach vat can, da biét trudce vi tri dich (dich co thé
phat song dé robot huéng theo). Trong bai toan toan cuc, tir dau vao 13 vi tri xuét phat, vi
tri dich, kich thudc robot, ban dd hoat dong, ta tim ra duong di dé robot ty hanh. Muc
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dich cudi cung la robot tu vé duoc téi dich khong cham vat can ma khong can bat ¢t su

tro gitip nao tir bén ngoai.

2. Bai toan tim duwong cuc b

Giai quyét hodn toan bai toan nay kho khin hon nhiéu so véi giai quyét bai toan toan

cuc. Mot cach tim duong cuc bd kha hoan hao 14 phuong phap ban dd noron cuc (Polar

Neurol Map) ctia Michail G. Lagoudakis (1998) ding 16-32 cam bién gan trén con robot

Normad (hinh 1.1a, b) tao truong cam bién bao phu ving xung quanh robot, thudt toan sir

dung 14 thuat toan 4nh xa noron twong ddi phirc tap. Do gidi han cua tiéu luan, phuong

phap nay khong duoc dé cap dén.

Phuong phap duoc dé cap dén ¢ day sir dung 3 cam bién do duong xac dinh khoang cach

tir trung diém hai banh xe toi vét can. Tuy vao khoang cach t6i vat can ting voi ting cam
bién, ta x4c dinh dugc phuong hudng di chuyén robot phu hop.
Y tuéng ctia phuong phap xuat phét tir mot bai bao Co dién tur
[1]. Tuy nhién luat dan huéng robot trong bai bao con kha

dmax don gian, diéu kién yéu cau hoi tho (nhu khoang cach céc vat
can phai 16n hon kich thuéc robot), két qua moé phong cho
thdy thuat toan cuia bai bao to ra nhiéu bat cap: robot nhiéu lac
cham vat can, 13p di 1ap lai mot doan duong va kho thoat ra
duoc. Dya theo nguyén ly cta thuat toan do, chiing t61 da co

D nhing thay d6i va bo sung dé dem lai két qua tim duong hiéu

qua hon.

Hinh 1.4. Ba cim bién ciia robot

Céc cam bién duoc dat 1éch mot goc o (trong phan mé phong, chon o = 25"). Khoang
cach 16n nhét (tinh tir D) ma cac cam bién c6 thé nhan dién dugc vét can 13 dmax; dmax
va o phai dam bao sao cho cam bién c¢6 ving kiém tra dii rong dé khi tién thang, robot co
thé nhan dién duoc vat can.
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Hinh 1.5. ¢hong gian 1am viéc ciia robot trong mit phing 2 chiéu
Goi:
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0(t) : goc chi hudng ciia robot & thoi diém t.

@(1): goc hudng vé dich tinh tir tim robot (diém D).

6,(t) : goc dan hudng cho robot tranh vat can.

0" (¢) : gbc dan hudng didu khién chuyén dong cho robot.

Khi sensor khong phat hién vat can thi 6°(¢) = (), ngugc lai thi " (1) =0, (¢).

Cach ing xir cia robot khi sensor phat hién vit can: ) .

Co 7 tinh huong khéac nhau khi sensor phat hién vat can, moi tinh huodng can cé cach ung

XU riéng.

Vat can

Hinh 1.6. Cac tinh hudng phat hién vit cin

v Tinh hudng 1 (TH1): ca 3 cam bién déu phat hién vat can (Hinh 1.6a)
+ Néu dI>dr thi robot quay sang trdi: 8, = (B4, Ox)
+ Néu dI<=dr thi robot quay sang phai: 6, = (R’, Ox)

v' TH2: Chi c¢6 cam bién bén trai khong phat hién vat can (Hinh 1.6b)
Robot quay sang trai: 6, = (CB,Ox)

v' TH3: Chi c¢6 cam bién bén phai khong phat hién vat can (Hinh 1.6¢)
Robot quay sang phéi: 6, = (4B,0Ox)
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v' TH4: Chi c¢6 cam bién & giita khong phat hién vat can (Hinh 1.6d)
Robot quay sang phai mot goc 90° (gan 6,=6, —90°, sau d6 hi¢u chinh
6, €[0,360°))

v' TH5: Chi ¢6 cam bién bén trai phat hién vat can (Hinh 1.6¢)
Robot quay sang phai mot goc 25°(gan 6, =6, — 25", sau d6 hiéu chinh
6, €[0,360°))

v' TH6: Chi c6 cam bién bén phai phat hién vat can
Robot quay sang trai mot goc 25°(gan 6, =6, + 25", sau d6 hi¢u chinh
0, €[0,360°))

v' TH7: Chi ¢6 cam bién & giita phat hién vét can (Hinh 1.6f)
Robot quay sang trai mot goc 90° (gan €,=6, — 90", sau d6 hiéu chinh
6, €[0,360°))

Khi robot dang quay hudng vé dich, néu phat hién vat can nd s€ tién hanh chuyen hudng
quay luén. Bé dam bao diéu nay, trong qua trinh quay huong vé dich, mbi 1an robot quay
mot goc don vi (dv) nho, ta phai cdp nhat cam bién.

Sau’khi robot chuyén hudng 11 tién théng mot dgan, van CQ kha nang robot cham vét can
(nhat 12 & nhitng ngd cut), vi vay khi robot qua gan vat ta tién hanh lui lai 1 doan, quay
mot goc 45° sang phai (gan 6,=6, — 45", hiéu chinh 6, €[0,360°) ), sau do

cap nhat cam bién.

Hinh 1.7. Khi khoing ‘céch nhé hon hoac bz“mg DI, DJ,
DK tirc 1a robot qua gan vat
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