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Mobile robot

Currently, the use of mobile robots is increasingly popular in
industries. One of the important problems in motion control of mobile
robots is the control of tracking the reference motion trajectory.
However, the mobile robot has a cascade control structure consisting
of a dynamic controller in the inner ring and a kinematic controller in
the outer ring. To solve the design problem without separating
separate controllers, the paper presents a method using the online
adaptive dynamic programming reinforcement learning technique
with the structure using only a neural network approximating the
function (OADP1NN). The algorithm can directly approximate the
optimal solution (solution to the Hamilton Jacobi Bellman equation —
HJB) simultaneously with the optimal control law. Performing
simulations on Matlab software, the results showed that the
OADPINN algorithm has fully met two criteria for controlling
robots: tracking the reference trajectory and minimizing the cost
function related to tracking error and control energy.
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Hoc tang cuong

Quy hoach déng thich nghi
Mang no ron

Phuong trinh HIB

Robot ty hanh

Hién nay, viéc sir dung robot tw hanh ngay cang phé bién trong cac
nganh cong nghiép. Mot trong nhiing bai toan quan trong vé diéu
khién chuyén dong robot ty hanh 1a didu khién bam quy dao chuyén
dong tham chiéu. Tuy nhién, robot tu hanh cé céu trac didu khién
tang bao gébm bo diéu khién dong luc hoc & vong trong va bo diéu
khién dong hoc & vong ngoai. Bé giai quyét bai toan thiét ké khong
can chia tach bo diéu khién riéng biét, bai bao trinh bay phuong phap
St dung ky thuat hoc tang cuong quy hoach dong thich nghi truc
tuyén voi cau trac chi stir dung mot mang no ron xap xi ham (Online
adaptive dynamic programming with one neural network -
OADPINN). Thujt toén c6 thé xap xi truc tuyén nghiém toi uu
(nghiém phuong trinh Hamilton Jacobi Bellman — HIB) dong thoi
véi luat diéu khién ti wu. Thuc hién md phong trén phan mém
Matlab, cac két qua cho thay thuat toan OADPINN da dap ung day
du dugc hai tiéu chi didu khién robot tu hanh d6 1a: bam quy dao
tham chiéu va téi thiéu hoa ham chi phi lién quan dén sai sé bam va
nang luong diéu khién.
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1. Giéi thiéu

Trong nhitng nam gan day, diéu khién robot ty hanh dwoc quan tm nghién ctiu va phat trién
rong réi, dac biét 1 bai toan diéu khién bam quy dao. Pa c6 nhiéu phuwong phép tir didu khién
kinh dién dén diéu khién hién dai duoc dé xuat 4p dung cho robot ty hanh. Cac nghién ctru trude
day thuong sir dung cau trdc hai mach vong diéu khién: mach vong dong hoc bén ngoai sir dung
ham Lyapunov téng hop bo diéu khién bam vi tri, mach vong dong luc hoc bén trong diéu khién
bam toc do. Trong tai lidu [1], ky thuat cubn chiéu duoc sir dung, tuy nhién tham sé bo diéu
khién dong hoc duoc chon qua thuc nghiém hoic bang kinh nghiém cua nguoi thiét ké sao cho
can bing duoc ca hai tiéu chi vé chat lwong bam I4n ning lwong diéu khién tir md men & banh xe.
Céch chon tham sé nhu vay s& khong téi thiéu hoa dugc ham chi tiéu chat lwong lién quan dén
chat luong bam quy dao va ning luong diéu khién. Phuong phap tuyén tinh hda hoi tiép thich
nghi duoc dé xuat [2], trong d6 viéc chon tham sb cho luat diéu khién dong hoc duge luoc bo va
khong can dén hai b diéu khién dong hoc va dong luc hoc riéng biét. Tuy nhién, phuong phép
nay khong giai quyét duoc bai toan tbi wu. Dic trung quan trong ciia robot tw hanh 1a mé hinh c6
thé biéu dién duoc ¢ dang hé théng phi tuyén hdi tiép chat (strictly feedback form [3]). Hé thong
nay da duoc khai thac dé thiét ké luat diéu khién tbi wu cho robot ty hanh ma khdng can chia tach
bo diéu khién. Vé mit toan hoc, bai toan diéu khién téi wu dugc giai néu nghiém phuong trinh
Hamilton-Jacobi-Bellman (HJB) duoc giai. D6i véi hé phi tuyén, phuong trinh HIB nhin chung
khéng thé giai duoc [4]. Tir d6, nhiéu giai thuat xap xi nghiém HIB online dya trén ly thuyét co
s¢ cua hoc tang cuong (Reinforcement learning — RL) da duoc dé xuat. Cac nghién cuu [5]-[7]
xap xi thich nghi online nghiém HJIB cho hé phi tuyén. Céc phuong phéap nay st dung giai thuat
PI (Policy lteration) véi cau tric ADP chuan gom hai xap xi ham, d6 14 hai mang no ron truyén
thang trong [8]-[10]. Luét cap nhat trong s6 mang no ron trong cac phuong phap nay dugc chung
minh 6n dinh (Uniform Ultimate Bounded - UUB [11]), trong qua trinh Xxap xi online cung Vi
ham chi phi va luat diéu khién hoi tu vé gia tri can t01 uu. Tuy nhién, st dung hai xap xi ham thi
tdc d6 hoi tu, chi phi tinh toan va tai nguyén luu trir van con 1a van dé thach thuc.

Dé khéc phuc han ché sir dung nhiéu xap xi ham trong céu trac diéu khién, bai b4o sir dung
thuat toan OADPINN véi cdu tric diéu khién chi sir dung duy nhat mot xap xi ham. Trong do,
luat cap nhat tham sb va thuat toan didu khién s& duoc thiét ké phu hop dé cai thién duogc toe do
hoi tu, bén canh d6 nghiém HJIB van dugc xap xi va hé kin lubn duy tri 6n dinh.

Phan tiép theo ciia bai bao dugc trinh bay nhu sau: phan hai 12 mé hinh toan hoc cua robot t
hanh d3 duogc biéu didn & dang hé thdng phi tuyén héi tiép chat. Phan ba thuat todn hoc ting
cuong OADPINN duoc gidi thiéu dé diéu khién bam quy dao cho robot tw hanh. Két qua mo
phong duoc dua ra trong phan bén. Cudi ciing, phan thir nam 1a két luan cua bai béo nay.

2. M6 hinh toan hec cia robot tw hanh

Robot ty hanh ba banh (hai banh chu dong, mot banh 14i) c6 thé chuyén dong thang va quay
trén mat phang dya vao md men xoan tir hai co cau chap hanh doc l1ap bo tri tai banh xe robot [2].
M0 hinh robot ty hanh ba banh va h¢ truc toa do dugc mo td trén hinh 1.

0 X X

Hinh 1. M6 hinh robot ti hanh ba banh va hé truc toa dé

http://jst.tnu.edu.vn 483 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(08): 482 - 491

Khéi lugng ciia robot tap trung tai trong tam € bao gom khéi lugng khung khéng ké cac banh
xe va khéi luong cac banh xe qui doi. B& rong cua robot 1a b, ban kinh cia mdi banh xe 1a r.
Khoang cach giira tam va truc dan dong 1a d. Toa d trong tdm robot so véi hé qui chiéu 0XY ¢
dinh trén mat phang, hudng di chuyén, véc to van téc tinh tién va van téc quay lan luot duoc ki
hieulax,y,0,v, w.

Robot ty hanh tong quét trong khong gian ciu hinh n chiéu véi toa do suy rong q =
(41,92, --,qx] € R®, chiu m rang budc véi m < n duoc biéu dién dudi dang A(q)g = 0 Véi
A(q) € R™™ |a ma tran du hang [12]. Gia st rang S(g) € R™ ™™ ciing 1a ma tran du hang
duogc tao thanh tir trudng véce to tron va doc lap tuyén tinh trong khong gian rdng cia A(q) sao
cho A(q).S(q) = 0.

Goi 0(t) = [vT,w’] € R*™™ véc to van toc, phuong trinh chuyén dong cua robot tu hanh
dira vao hai rang budc ciia A(q) c6 thé viét thanh:

, q=S(q)0() 1)
bé c6 phuong trinh dong hoc robot, ta s dung phuong trinh Lagrange [12]:

d (6L> <6L> _r 5

dt \dq ag) T @)

Trong d6: Fyr 1a véc to luc suy rong, L 12 ham Lagrange. Gia str, robot tu hanh chuyén dong
trén nén phang nén L chi chira dong ning:
l
L= 2 ) vImuv + ol Lw; 3
i=1
Trong d6: I, s6 khau trong robot tu hanh, v;, w;, m;, I; 1an luot 14 véc to van tdc tinh tién, van
tdc quay, khdi lwong v md men quén tinh cua khau tha i. Tir d6, phwong trinh dong hoc cua
robot ty hanh tré thanh:
M(q)q + C(q,9)q + B(@)F(q) + B(q)ty = B(q)T — AT (q)A (4)
Trong d6: M(q) € R™™ la ma tran doi xtmg xac dinh duong, C(q,q) € R™" la matran luc
Coriolis va ly tim, F(¢) € R™ ™ la véc to lyc ma sét, 7,, € R™ ™ la nhidu md men tir co ciu
chap hanh. B(q) € R™ ™ ™) |3 ma tran chuyén ddi, T € R™ ™ la véc to md men diéu khién,
A € RY*™ la véc to luc rang budc. Pao ham phuong trinh (1) ta co:

. §=$(q) 0+ S(q)0 ®)
Luu y rang: A(q)S(q) = 0
M(@)0(t) + C(q,q)0(t) + F(q) + T = B(q)t (6)
Trong do:
M(q) = STMS,C(q,q) = STMS + STCS,B(q) = STB(q), F(q) = STMS® + B(q)F, 7, @)

= B(qQ)tn

Theo [3], mot sé tinh chit can thiét caa cac thanh phan trong mé hinh toan dwoc trinh bay
nham muc dich xac dinh tinh twong thich khi 4p dung giai thuat OADP1NN.

Tinh chat 1: M(q) la ma tran d6i ximg xac dinh dwong bi chan thoa man diéu kién m,,;, <
IM(|| € Mpax VOI Mpin VA Mppqy 12 céc hang s6 duong.

Tinh chat 2: C(q, ¢) bi chan thoa man diéu kién [|C(q,d) || £ Cmax » VO Cmin » Cmax 12 CAC
hiang sb duong.

Tinh chdt 3: F(¢) bi chan thoa man diéu kién F(q) < Finaxll dll, VOi finax 12 hing sb duong.

Tinh chat 4: Nhiéu mé men ,,, c6 ning luong hiru han, nghia 1a 7,, € L, [0,T],0 < T <
0, T, bi chan sao cho|| Tp |l < Tpumax VOi T 12 hing s6 duong.

bit cac ham:
CF(@) = Onxa, Go(g) = S(q) € R™O™™), Fo (q,0) = —M~'(q) (C(q.9)0 +
F(q) € R®"™™, kg (q,0) = M~ (q) RO >(n7m), Go (4,0) = M~ (9)B(q) €

]R(n—m) X( n—m)_
Trong bai toan dang xét, ta bo qua nhiéu t,,
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Ta c6 phuong trinh khong gian trang thai cua robot ty hanh duéi dang hé phi tuyén hdi tiép
chat nhu sau:
{ g = Fp(q@) + G4(q)0 )
, , O =Fo (0,0) + Go (4,0) ,
Két hop vai tinh chat tir 1 dén 4, ta cé mét so6 tinh chat can thiét ve cac thanh phan dong hoc
trong mo hinh:
Tinh chdt 5: Fg (q,0) < M3 (Cmax + fimax Smax)|l @l , trong d6 s,,,45 12 chan trén coa
IS(qll) -
Tinh chdt 6: g,(q) 1a ma tran bi chan thoéa man diéu kién g < (|G, (@|| < Gmax VOi
Imin V& Gimax 12 cac hang sé duong.
Tinh chdt 7: B(q) la ma tran khong suy bién chira tham sé hang, d6 1a ban kinh r cua cac banh
xe va d6 rong khung robot b.
Tinh chdt 8: Gg (g, ) bi chan thoa diéu kién myL, B < ||Ge (q,0)|| < m,}, B . Két hop
véi tinh chat 1, ta cd Gg (g, 0) # 0.
Tinh chat 9: Fg (q,0) ,G,4(q) , Ge (g, ©) Ia cac ham phi tuyén tron.
Néu cho trudc robot tham chiéu c6 mé hinh nhu sau:
da = Gq(ga) Org ©))
Trong d6, ¢4 = [x4,v4,0417 1a quy dao tron, bi chian théa man rang budc g, =
94(qa) Ora = S(qq) Orq V6i Ord 1a véc to van toc gia st kha vi lién tuc biét truéc. Muc tiéu
cua bai toan la thiét ké luat diéu khién dé quy dao hé thdng phuong trinh (8) bdm quy dao
phuong trinh (9) ddng thoi thoa man hai yéu cau:
- Tich hop chung luat diéu khién dong hoc va dong luc hoc.
- Ti thiéu ham chi phi lién quan dén sai s6 bam bj rang budc bai hé thong.
Céc budc bién dbi sau day duoc thuc hién dé co phuong trinh dong luc hoc bam thich hop
nham muc dich thiét ké luat diéu khién [3].
G —Ga=¢€;=—qa+ G(@O — 0y) + G(q)0; = feq(t) + G4(q9)0z + G4(q)ee  (10)
Trong d6, fo4(t) = Opx1,e0 = 0 — 65 € RT™ v6i 0, € RM™™14 ngd vao diéu khién
40sa0 cho O, = O} + 04, VGi 0 € R™™™) 3 véc to tin hidu diéu khién bam ti wu va 04, 1a
nghiém ctia phuong trinh:
Gq(CI) Oaq — Gq(CId) O, =0 (11)
Tuong tu:
('::) - (;)d = é@ = _(;)d + F@ (q,@)‘l' G@ (q,@)T
= feo () + Go (0,0)T" — gg(@ eq ”
Trong do, 04 1a véc to van toc mong muon, xac dinh dya vao mé hinh chuan tir phuong trinh
thu hai trong (8), do 1a ©4 = Fg (94,04) + Go (qa, ©a) Ta , fee (t) = F@(CI: @) Fo (9a,04) ,

(12)

* 14 véc to tin hiéu mé men diéu khién téi wu duoc thiét ké sao cho T = 7% + 14 Voi 74 1
nghlf;m cua phuong trinh:
(Go (9,0) — Go (qa, ®a)Ta + g 4(@)eg = 0 (13)

Pat x = [q7,07]" € R?"™™, e = [e,7,e0"]" € R™"™, £,(t) = [fog".fo0"] € RZ™™,
u* =u— u,, trong d6 u* = [@ZT,T*T]T € R2-m) 4 = [GE,TT]T € R?M va y, =
[@ga, Tg ]T e R2(n-m) G(x) = diag[Gq(g), G@(q; @)] € B(Zv,l—m)xz(n—m) ’

Vi cach dat nhu trén ta di tién hanh thiét ké bo dieu khién toi wu thich nghi truc tuyén cho hé

nhu sau:
e=F(e)+G(x)u* (14)
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3. Thuat toan hoc ting cwong OADP1INN

Ly thuyét hoc ting cuong RL ké thira tir ly thuyét t6i wu cua qui hoach dong (Dynamic
Programming - DP) va phat trién thanh ly thuyét qui hoach dong thich nghi (Adaptive Dynamic
Programming - ADP) hoac qui hoach dong xap xi (Approximate Dynamic Programming - ADP).
ADP da khéc phuc dugc cac han ché cua DP nhu diéu khién off-line, khong dieu khien thoi gian
thuec, Can md hinh toan chinh xéac. Ngoai ra, khi ADP sir dung x4p xi ham s& khic phuc duogc cac
diém yéu quan trong cua DP nhu gidm chi phi tinh todn va tai nguyén luu tri, khac phuc duoc
hién twong bung né to hop (Curse of Dimensionality - COD) khi roi rac hda khéng gian trang
thai, dac biét néu dbi tuong diéu khién 1a he MIMO (Multi Input Multi Output).

3.1. Cdu trice diéu khién va lugt cdp nhat tham sé online

Thuat toAn OADP1INN st dung dé xap Xi online nghiém V*(e) (nghiém HJB) dong thoi vai
luat diéu khién téi uu u*(e). Céu trac diéu khién OADPINN duoc phaét trién dya trén cau tric co
s& ADP sir dung hai mang no ron [8]. Tuy nhién, diém khéc biét quan trong 12 OADPINN khong
sir dung mang no ron cho luat diéu khién. Mang no ron duoc sir dung dé xap xi ham danh gia
V(e) va dugc dinh nghia:

V(e) =WTq(e) + c(e) (15)

Trong d6, W la trong s6 mang no ron, p(e): R™ — R™ |a véc to ham tac dong, véi n, 1a s6
don vi nit & 16p an va e(e) 1a sai s6 xap xi cuia mang neural. Véi mang no ron truyén thang mot
I6p, ta cd thé chon ¢(e) sao cho n, — ©,& — 0 va g, = de/de — 0, Ngoai ra véi ny, hiru han thi
lle(@)l < €npVa €]l < Eomars VO Eppax VA Eomay 12 CAC haNg s dwong

binh nghia ham Hamilton:
H(e,u,V,) = VI (F(e) + G(x)u) + Q(e) + uTRu (16)
Ham Hamilton trg thanh:
H(e,u, W) =WTg,(F(e) + G(x)u) + Q(e) + uTRu— ey =0 (17)
Trong d6, ¢, = dp/de € R™W* ™ va gy dugce xac dinh:

ey = —&[F(e) + G(x)u] (18)
Phuong trinh HIB theo tham so V" [8]:

0(0) + () F(@) 3 )T GRGT () = 0

(19)
V*(0) =0
Sir dung mang no ron (15) cho phuong trinh HIB ta c6:
1
Q(e) + Wl F(e) - ZWT‘PeG‘PZW +éyp =0 (20)
Trong do, ey ;p la sai s6 thang du gy boi mang no ron:
1 1
np = €0 F(€) —EWTtpeGee —ZegGee (21)

Str dung luat diéu khién téi wu:
ut = —%R‘lGT(x)Ve* (22)
V6i G(x) = G(x)R™IGT (x) € R™ va G(x) = GT(x) > 0. Cong va trir (21) véi %eZGee, Str
dung luat diéu khién téi wu (22) va dé y dao ham cua (15), ta co:
enjp = €5 (F(€) + Gu*) +— ! eeTGse (23)

Tinh chat 10:
Gin < 1GCON < Gmax ‘ (24)
Trong do, Gmm = max (R)Gmm: max = Amin(R)Gr%lax , VGi Amin va Amax lan luot la gié
tri riéng 16n nhat va nho nhét cia ma tran R.

http://jst.tnu.edu.vn 486 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(08): 482 - 491

Tinh chdt 11: Khi ny > o, &5 hoi tu déu vé gia tri khdng, véi ny, hitu han, ey bi chan
trong tap dong.
Trong sb 1y tuang mang no ron (15) chua xac dinh, do d6 V (e) s& duoc xap xi boi ham s6 sau:
V(e)=wT o(e) (25)
Trong 6 W € R™ |4 trong s cia mang no ron Xap Xi.
Sir dung V(e) cho phuong trinh muc tiéu:

VL (F(e) + G(x)w) + Q(e) +u"Ru =0,V(0) = 0 (26)
Goi e, la sai s6 cua Hamilton (16) gy béi mang no ron Xap xi, ta co:
H(e,u, W) =WTq,(F(e) + G(x)uw) + Q(e) + uTRu — ey = e; (27)
Sai s6 xap xi trong s6: W = W — W. Tur (17) va (27) ta co:
e, = —WTe,(F(e) + G(x)u) + ey (28)

Véi bat ky luat diéu khién u € U(e) cho trudc, dé W — W, khi d6 e; — &y, ta can chinh dinh
W nham tdi thiéu E;, = lelTel. Str dung giai thuat Normalized gradient descent, luat cap nhat

duoc W dinh nghia nhu sau:

0E;

5 o TYA7 T
L S R 29
w alaW a, (0T0+1)2(0 W + Q(e) + u"Ru) (29)

Trong do: o = @, (F(e) + G (x)w). Mau sé bmh phuong cua (29) nhan duoc boi giai thuat
Levenberg—Marquardt cai tién bang cach thay a o+ 1bing(cTo + 1)2.

Trong thuat toan AC (Actor — Critic) [8], xap xi ham sir dung luat cap nhat (29), trong d6 u
duoc thay boi xap xi ham bo diéu khién. Vi vay, can hai luat cap nhat khac nhau. Luat cap nhat
xap xi ham nham téi thiéu sai s6 binh phuong xap xi ham trong khi luat cap nhat caa bo diéu
khién bao dam su 6n dinh cua toan hé kin. Nguoc lai, giai thuat OADP1NN trong bai béo chi st
dung duy nhat mot mang no ron nén luat cap nhat (22) khong thé ap dung tryc tiép, can dé xuat
mai theo hudng két hop ca hai muc tiéu trén vao mot luat cap nhat trong s6 xap xi ham duy nhat.
Céu trac diéu khién trong thuat toan OADPINN duoc md ta trén hinh 2.

PIW ”
/ W W
/, Luét cép nhat trong | . ¢ ‘V (&) =WTgp(e) ‘
)/ A li 2 % R - -t <
/, so online (32) W
/, [} Mang no ron (25)
Luat diéu khién xap 1] _ . e
xi (30) | Robot ty hanh (14)
4

Hinh 2. Cdu triic diéu khién OADPINN
V6i ham danh gia xap xi V(e) (25) luat didu khién xap xi s& 1a:
1 . 1 —
= ——R‘lGT(x)V = ——R‘lGT(x)q)zW (30)

St dung (25) va (30) cho phuong trinh muc tleu (26), gol e, sai so ciia ham Hamilton (16)
sinh ra boi mang no ron xap xi va luat diéu khién xap xi, ta co:

H(e,a, W) =WT¢p,F(e) + Q(e) + A"RO = e, (31)
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At ~A At T M JERTRE - A 1 2 . A1s A Je
Luat cap nhat W nham toi thiéu sai so E, = 3 ele,, 6n dinh hé kin dugc dé xuat:

V’i\/:{;\ W, né'uxT(F(e)-?-G(.x)ﬁ)SO 32)
Wy + Wgp nguoc lai
Trong do:
Wy = —a 22 d 5T aTR 33
1= alaW——alm(a +Q(e)+u u) ( )
1
Wgp = —azgoeG(x)e (34)

Véi o = (pe(F(e) + G(x)@). Luat cap nhat W, duoc thiét ké dyua vao giai thuat Levenberg-
Marquardt cai tién s dung (676 + 1) thay cho (676 + 1). Luat bén viing Wy duoc thém vao
nham dam bao hé thng 6n dinh theo tiéu chuan bi chan UUB.

3.2. Phan tich én dinh va hgi tu cia gigi thugt OADP1NN

Gid dinh 1: Pong hoc hé thdng F(e) gia sur thoa diéu kién Lipschitz, sao cho ||[F(e)|| <
allell.

Gid dinh 2: Phuong trinh (14) véi luat diéu khién u* bi chan boi hang s6 dwong u: ||F(e) +
GEull < u ; .

Sy hoi tu tham so va tinh 6n dinh cua h¢ kin trong giai thuat OADPINN thong qua Dinh Iy 1:

binh ly 1: Xét h¢ thong phi tuyén (14), phuong trinh HIB (19), mang no ron dé xap xi ham
danh gia (25), luat diéu khién (30) va luat cap nhat trong sé mang no ron (32), thi thuat toén
OADP1NN bao dam [8]:

- On dinh: Toan bo trang thai cua hé kin (14) va sai s6 xap xi mang no ron trong giai thuat
OADP1NN sg bi chan UUB.

- Hoi tu: Khi t — oo, sai s6 giita ham chi phi xap Xi so véi téi uu thoa tiéu chuan ||V — v «|| <
&y, VoI g, 1a hang s6 duong nho, va sai sé giira luat diéu khién xap xi so véi toi wu thoa tiéu
chuan ||t — u *|| < g, V6i &, 1a hiang sé duong nho.

4. Két qua md phéng

Dé kiém chig tinh hiéu qua cia thuat toan diéu khién, ta tién hanh md phong trén phan mém
Matlab trong hai truong hop. Véi cac tham so6 cua robot ty hanh dugc chon nhu sau [2]:
I=5kg.m? b=05m,r=0,06m,d=0,15m = 10 kg, K, = 0,267

2K . 1 b

cos6 0] o r_zz mdé | |- 2
S@=[sino of.M= [T ].C= o B= {1 b
U —mdf 2 - —=

roor

Trang théi vi tri ban dau cua WRM:
q(0) = [0.5,0.5,0]7,v(0) = [0,0]"
€%, €x€y, €x€0, €Ly, €Ly, €5, €1,€0, r
ey€y, €€y, €5,€0€y,€0€y, €5, €,ey, e‘,zv] ’
Trudng hop 1: Quy dao hinh tron
Quy dao mau :

p(e) = a; =1,a, =0.01, W = zeros(15,1)

Org = (g) . qa = [x4,V4,04]" duoc tao v6i ©,4 bén trén va bang rang budc theo (9). Ta co
két qua m6 phong bang phan mém Matlab nhu sau:
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Quy dao chuyén dong cua robot TH1 Trong s6 ciia mang no ron TH1

2 T
141 [T
12+ -=W, Wio| |
15l | h Wy memems W,
1+ ———— W4 - - .WlZ 4
W w
—
1r 1 06l A N LU W, =Wl |
N Wy
= = o4t Pl g
051 1 02f / t‘: """"""" bl
i M
ALY N S —
of 1 ‘ ‘;’ :
-0.5 ‘ ‘ ‘ . : 06 : :
-2 -1.5 -1 -0.5 0 0.5 1 0 50 100 150
Time(s)
Hinh 3. Quy dzo dit va quy dao thuc té ciia robot TH1 Hinh 4. Trong sé ciia mang no ron TH1
6 S'fli léch vi tri \Ilé van téc Tﬂ1 10 i Ham chi phi TH1 ‘
. N ==
/\\ A el 1
2F 4
v 0 > ~
-2 4
4 | ]
-60 2‘0 46 66 8‘0 1ll)0 12‘0 14‘10 16‘0 150 200 1[;0 150
Time(s) Time(s)
Hinh 5. Sai léch vi tri cia robot TH1 Hinh 6. Ham chi phi TH1
Truong hop hai: Quy dao hinh s6 8
Quy dao mau:
0., — \Jcos?t + 4cos?(2t)
rd — . .
(2 sin(t) cos(2t) — 4 sin(2t) cos(t))/(cos?t + 4cos?(2t))
5 Quyy dao cl‘luyén df}ng t:lIlaI robot T'H2 i Trt_)yng s6 mang no ron THZ
14 Wl - “9
15 1 12} -—VW, Wio
Vw’3 ————— W“
; | 1 —— W4 - 'sz
WS W\s
08 A\ w
051 1 wé _._..WN
06 o, 7 15
N ———W
= or 1 = o4t i 4‘{\
¥
05t i 02t S [\I’—/', g T
0 A I, '“ R LR LR R R R SRR L
al ]
021
1er 1 04}t
-2 . . . L - . -0.6 . .
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 0 50 100 150
T Time(s)
Hinh 7. Quy dao dit va quy dao thyc té cia robot TH2 Hinh 8. Trong sé cia mang no ron TH2
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o Sai léch vi tri va van téc TH2 10 Ham chi phi TH2
......... =
4t i -
". ! —
:’i§ '.,:.:A‘!
2
7] 1)
_____ 'F 1
v 0 ’_— — w'\.’k‘mwu——————————r— _— - — - ~
-2
ab
6 y ; y ; - , ] 5 - -10 - -
0 20 40 60 80 100 120 140 160 180 200 0 50 100 150
Time(s) Time(s)
Hinh 9. Sai léch vi tri cia robot TH2 Hinh 10. Ham chi phi TH2

Tir két qua md phong hinh 3, hinh 7 véi hai quy dao mau khac nhau, tuy nhién ta thay ¢ ca hai
truong hop bd didu khién di cho chit lwong bam rat tét. Bén canh dé hinh 4, hinh 8 thé hién
trong s6 W ctia mang no ron d hoi tu trong qué trinh hoc (65s dau tién) vé mot gia tri xac lap.
Sai léch gitta gia tri dat va trang théi thuc té cua robot dwgc thé hién trong hinh 5, hinh 9 c6 thé
thdy rang bo diéu khién OADPINN da bam quy dao tham chiéu yéu cau. Khéng chi dap tng
duoc tiéu chi bam quy dao tham chiéu ma bo diéu khién con téi thiéu hda ham chi phi lién quan
dén sai s bam va ning lugng diéu khién thé hién trong hinh 6, hinh 10. Nhu vay, thuat toan da
giai quyét duoc bai toan diéu khién bam quy dao tdi uru cho robot tu hanh rat phi hop dé dua vao
g dung diéu khién robot trong dan dung va cong nghiép.

5. Két luan

Théng qua viéc phan tich, thiét ké va md phong bo diéu khién trén phan mém Matlab cé thé
thiy duoc tinh higu qua cua thuat toan OADPINN trong viéc giai quyét dong thoi bai toan toi uu
va thich nghi trong diéu khién. Cau trac dleu khién duoc dé xuét chi sir dung mot mang no ron
nén lam giam khdi luong tinh toan so véi cau trlc sir dung hai mang no ron. Hon nita, cau trac
nay tranh duoc do phirc tap cia mé hinh va ting téc do hoi tu cua thuat toan do cac tham sé mang
no ron va bo diéu khién duoc cap nhat ddng thoi. Ung dung cua bo diéu khién cho thiy kha ning
giai quyét duoc, khong chi bai toan téi vu thong thudng, ma con xi 1y dwoc bai toan bam quy
dao ¢ tinh téi yéu t6 tdi uu, mot bai toan khong phai don gian dé giai quyét. Cudi cung, dinh
huéng phéat trién vé& thuc nghiém 1 sir dung phuong phap nay dé diéu khién robot tu hanh tng
dung trong dan dung va cong nghiép.
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