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TOM TAT

Bai bdo nay diéu tra viéc sit dung Thudt toan Doi (BAT) dé t6i wu héa cdc tham
s6 diéu khién trong bé diéu khién robot sit dung Mang Chitc ning Co sé Radial (RBFN).
Cdc nghién cuu trudc day thwong chon cdac hé s6 hoc tdp dua trén kinh nghiém, diéu
nay thuong yéu cau thoi gian dang ké dé tim cdc hé sé dap irng yéu cau cia van dé diéu
khién va khéng dam bdo tinh t6i wu. Thudt todn Doi (BAT), ldy cam hitng tir viéc doi sir
dung dinh vi bang tiéng vang dé diéu huéng, da dwoc dp dung dé t6i wu héa toan cau
cdc hé s6 hoc tdp cho RBFN. Két qua mé phong cho thdy sw cdi thién dang ké vé toc do
héi tu va chdt lwong diéu khién so véi cdc phwong phdp truyén thong.

Tir khéa: Thudt todn Doi (BAT), RBEN, Téi wu héa Hé so hoc tdp, Diéu khién
Robot.
ABSTRACT

This paper investigates the use of the Bat Algorithm (BAT) to optimize control
parameters in a robot controller utilizing Radial Basis Function Networks (RBFN).
Previous studies often selected learning coefficients based on experience, which
typically required significant time to find coefficients that meet the control problem's
requirements and did not guarantee optimality. The Bat Algorithm (BAT), inspired by
bats' use of echolocation for navigation, has been applied to globally optimize the
learning coefficients for the RBFN. Simulation results show significant improvements in
convergence speed and control quality compared to traditional methods.

Keywords: Bat Algorithm (BAT), RBFN, Learning Coefficient Optimization,
Robot Control.

1. PAT VAN PE thay doi vé tinh chat va co thé duoc lién

Thuét toén doi - BAT, duoc phat két voi chién luge sér} m?)’i cua chung,
phu thudc vao loai. Hau hét cac doi su
dung tin hi¢u ngén, tan s6 bién doi dé
quét qua khoang mot tdm, va mdi xung
kéo dai trong vai phan nghin cua mot
gidy (1én dén khoang 8 dén 10 ms) trong
khoang tan sb tir 25kHz dén 150 kHz.
Thong thuong, doi nhéd co thé phat ra
khoang 10 dén 20 xung am nhu vay mdi
gidy, va tc do phat xung c6 thé ting 1én
dén khoang 200 xung mdi gidy khi dang
di chuyén vé muyc tiéu sin mdi cia chung.

trién boi Xin-She Yang vao nim 2010,
dua trén dic tinh diéu huéng am thanh
hodc song am sinh hoc cua doi nho
(Yang, 2010). Doi nho thuong sir dung
mdt loai sonar goi 1a echolocation dé phat
hién mdi, tranh céac chudng ngai vat va
dinh vi cac khe nghi cua chung trong
bong tdi. Chiing c6 thé phat ra mot xung
4m rat to va lang nghe am thanh phan xa
tr cac db6i twong xung quanh
(Richardson, 2008). Cac xung cua ching
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Vi téc d0 am thanh trong khong khi
khoang v = 340 m/s, budc song A cua cac
xung 4m siéu 4m véi tin s f khong doi
dugc cho boi A = v/f, nam trong khoang
tr 2mm dén 14mm cho khoang tin sb
dién hinh tir 25kHz dén 150kHz. Thu vi
1a, nhitng budc song nay cung kich thudc
v6i moi cia chung.

Mic du trong thuc té, doi nho
cling c6 thé sir dung do tré thoi gian giita
tai va bién d6i do on dé cam nhan moi
truong ba chiéu, chung ta chii yéu quan
tam dén mot sd dac diém cua diéu hudng
am thanh dé lién két chung véi ham muc
tiéu ctia mot van dé tdi uu hoa, diéu nay
lam cho viéc dac td mot thuat toan thong
minh, thuat toan doi tré nén kha thi.

Uu dém 16n nhat ciia BAT la cho
phép tim kiém tbi vu trén toan bd khong
gian cua cac bién trang thai. Do d6 di co
nhiéu cong trinh, bai béo sir dung BAT
dé t6i wu cac tham sd cta bd diéu khién,
PD hay PID [1]. Khi mang noron dugc st
dung rong rai dé xay dung cac bo diéu
khién mang ham ban kinh co s& - RBEN.
Pay 1a mot mang noron cé céu triic don
gian nhung cho phép xap xi hoa dugc cac
ham phi tuyén. Gidng nhu BAT, thuét
hoc ham ban kinh co s& cling cho phép
t6i wu hoa trong sd clia mang noron trén
toan bo khong gian ctia bién trang thai
nhung dam bao qua trinh hoc online. Déi
v6i nhitng bai toan can toi uu cac tham sb
¢d dinh mot cach truc tiép BAT van thé
hién duge uvu diém cua no. Trong cac
nghién ctru gan day vé qua trinh hoc cua
mang noron du bang phuong phap ham
ban kinh co s hay bang phuong phap lan
truyén ngugc theo sai s6 (EBP) thi hé sd
hoc 1 clia mang noron van duoc chon
theo kinh nghiém cua nguoi 1ap trinh. Bai
bao nay, tac gia dé cap dén viéc sir dung
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cong cu BAT dé t6i wu hoa hé sb hoc n
cia RBFN thay vi lya chon bang kinh
nghiém nhu da néu ra ¢ trén. Thir tu cua
qué trinh hoc va t8i wu hoa hé sb hoc n
cua mang noron dugc thuc hién nhu sau:
Pau tién chon mot hé s6 hoc 1 theo kinh
nghiém va RBFN s€ hoc online dé tim ra
duoc tap hop trong sb tdi vu cia RBFN.
Budc tiép theo, chung ta sir dung BAT dé
tim hé s6 hoc 1 ti wu twong tng véi tap
hop trong sd cia RBFN di tim duoc
trude do. Bai bao duogc chia thanh nam
phan. Sau phan mé dau, phan hai trinh
bay bai toan diéu khién robot voi rét
nhidu thanh phan bat dinh va phuong
phap diéu khién trugt sir dung RBFN véi
hé s6 hoc 1 duogc chon theo kinh nghiém
dé xay dyng bo diéu khién. Phan ba trinh
bay cac budce toi vu hoa hé sb hoc 1 bang
BAT trong bai toan diéu khién robot sir
dung RBFN. Két qua mé phong BAT tdi
wu hé s6 hoc cho RBEN diéu khién robot
hai béac tu do duoc trinh bay trong phan
bbn. Phan nam 1a nhitng nhan xét va danh
gia vé chat luong cuia hé diéu khién robot
su dung RBFN c¢6 hé s6 hoc duoc toi vu
hoa bang BAT.
2. XAY DUNG MO HINH BQ PIEU
KHIEN ROBOT SU DUNG MANG
RBFN
2.1. Bai toan diéu khién robot véi
nhiéu thanh phén phi tuyén bat dinh
Phuong trinh dong luc hoc ctia mot hé
robot n khép ctng cé thé dugc mé ta
bang phuong trinh vi phan phi tuyén
dang vector [2, 3, 4] nhu sau:
M(q)4+B(q,9)g+&(q) +d(g,q) =7 (1)
do:

Trong a=[9.95q,1",

A =[G,y qn]T,qz[ql,qz, ..... qn]Tlé

cac vector bi€u dién vi tri, van toc va gia
toc goc cua cac khép tuong ung;



T= [z‘l,rz, ..... rn]T la vector biéu dién
momen tac dong 1én cac khop;

M(q) € R"™ 1a ma trn quén tinh - d6i
xtrng va xac dinh duong;

B(g, @) cR”"" 1a ma tran hé 6 Coriolis va
lyc hudng tam;

& <R""! 1a thanh phin gia toc trong
truong;

d(q,q) €R" >klle‘t thanh phan lyc ma sat
va nhiéu tac dong 1én cac khdp cia robot.
Trong phuong trinh (1) c6 cac thanh phan
khong duge biét chinh xac do tinh bat
dinh cia mo6 hinh robot. Cac tham so
M(q), B(q,q), 8(q) co thé dugc mo ta

nhu sau:

M(q) = M(q) +AM(q) (2a)
B(q,9) = B(q,q)+AB(q,q)  (2b)
&8(q) = g +Ag(q) (2¢)

M(q), B(q,q), g(q)1a cac thanh phan

duoc xac dinh chinh xac.

AM(q), AB(q,q), Ag(q) bicu dién sai

1éch do tinh bat dinh ctia mé hinh robot.
Gia thiét

|AM(q)| <m,,|AB(q,q)| <b,

JAg@)] < g,
( my, by, g, 1a cic gia tri dugc biét).

M

Phuong trinh (1) c¢6 thé dugc biéu dién
dudi dang:
M(q)q+B(q,9)q+g(q) +1f(q,q) =7

(3a)
=1, +1(q,q) (3b)
7, =M(@d+B(q,9q+g(@ (3¢
f(q,9) = AM(q) + AB(q,9) Gd)

+Ag(q)+ d(q,q)
f(q,q)e R"'trong (3d) 1a téng hop cac
thanh phan khong xac dinh cta hé dong
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luc, ma sat, nhiéu loan tac dong 1én robot
vabi chan boi| f | < £, véi 7, o thé xac
dinh duogc .

Muc dich cta diéu khién 1 x4c dinh
tin hiéu diéu khién 7 sao cho robot bam
dugc quy dao q, mong mudn, nghia 1a
sai 1éch e=(q—qd) —0;

¢=(4-G4) >0 va é=(§-Gg)—>0.0

daye, e, € lacac gia trisai s6 v& vi tri,
van tbc va gia tde goc.
2.2. Xay dung thuat diéu khién robot
theo nguyén ly trugt sir dung mang
noron RBFN

Céc hé diéu khién trugt c6 kha ning
diéu khién t6t cho cac hé phi tuyén rat
phu hop véi ddi twong 1a cac hé robot.
Qua trinh diéu khién truot gdm hai budc:
budec mét 1a dua hé théng vao quy dao
cua mat truot. Buoc tié}? theo 1a duy tri hé
théng trén mat truot.

Trong trwong hop nay, mat trugt
duoc bd sung duéi dang tich phan (PID):

s(t)=e+c¢,e +Czjge dt

(4)

C,, C, la cac ma tran duong chéo xéc
dinh duong va s =[s,,5,,.......s, ]T '
Phuong trinh (4) cho thdy quan hé nhét
quan gitra (q, q,e, é) va s. Do d6 phuong
trinh (3b) c6 thé viét dudi dang:

)

T=1,+1(s)
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Hinh 1. Mang noron RBF dung dé xap
Xi cac thanh phin phi tuyén bét dinh
cua robot

Su bat dinh ctia f(s) 1a nguyén nhan chinh
lam giam chat lwong ciia qua trinh didu
khién. Néu ching ta thyc hién bu thanh
phan phi tuyén bat dinh nay thi chat
lugng diéu khién c6 thé duoc cai thién.
Theo dinh 1y Stone-Weiertrass [2, 3, 4] ta
c¢6 thé chon dugc mot mang noron nhan
tao (ANN) véi s6 néit noron hiru han ¢o
kha niang xap xi mot ham phi tuyén véi
d6 chinh xac cho trudc. Dé x4p xi ham
f(s)ta chon céu trac mang nhu sau:

f(S)= Wo +¢ (63.)
Hay: fs)=f +¢ (6b)
~ ~ ~ ~ 7T
trong do: f= [fl,fz, ........ fn} = Wo la

thanh phan xap xi cua f(s), W la ma tran
trong sO cua mang dugc cap nhat online,
€ la sai sO bichan e <g,

Vi | f(s) | <f, ta co thé x4c dinh dugce
gidi han g cua €: || € ||S£0 .

Dt w,1a vector cot thir i ciia ma tran W

ta co:
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f=Wo=[w,,w,,
(7)

Céc tac gia da chirng minh [2]: H¢ dong

luc hoc robot » bac tu do (1) véi mang

noron RBF (7) va mat trugt (4) sé bam

theo quy dao mong mudn qq véi sai sd
e=(q-q4) >0 néu ta chon thuat diéu

khién moment T va thuét hoc cua mang

noron nhu sau:

T=Mgq, +Bq, +g-MC,ée-MC,e-BC,e

(8)

t
- BC, [edt-Ks-ys|s|| ' +1+m)Wo
0

W, =750, ©)

trong do cac tham sd tu chon K=K">0
12 ma tran doi xung xac dinh duong,
7,7>0.

Céu tric cua hé diéu khién c6 thé mo ta
theo so dd trén hinh 2:

L Mij, +Bg, +g-MCé-|

t
MC ¢-BC,e-BC, [ect

3 §
[;a, e+Cie+ 5 i - 5
g +Cyfedt [ -Ks-ps|s[ () Rohot 4.9
2 [}
L (1+1?yé‘ﬂ -

Hinh 2: So d6 hé diéu khién truot,
st dung RBFN bu cAc thanh phan bit
dinh cta robot

Moment T gdom ba thanh phan chinh:
thanh phan bu phi tuyén

T, =Mgq, +Bq, +g-MC,e
t
-MC,e-BC,e- BCZJ.edt
(1]

thanh phan trugt T, =-Ks -y s|s ||1 va



thanh phan x4p xi f 1a mang RBF c¢6
thuat hoc online.

Tbc d6 hoi tu cua mang noron phy thudc
vao thuat hoc (8), trong d6 c6 su tham gia
clia mit truot s va hé s6 hoc n. bé cho
qué trinh hoc hoi tu nhanh, ddm béo céc
chi tiéu chét luong diéu chinh nhu d6 qua
chinh, s6 1an dao dong .v.v. ching ta co
thé lua chon mot hé sb hoc n tbi wu béng
cach str dung thuat toan BAT.

3. PIEU KHIEN ROBOT VOI RBFN
CO HE SO HQC DUQC TOI UU
BANG THUAT TOAN DOI — BAT
3.1. Thuat toan doi — BAT

Theo thuat toan BAT, ba quy téc hodc
y tudng sau day [5, 6, 7] dugce su dung:

- Tat ca cac con doi st dung phat am
thanh dé phan biét khoang cach, dong
thoi phan biét duoc thirc an, con moi va
cac vat can;

- Céc con doi bay ngau nhién vé6i van toc
vi taivi tri xi. Chiing c6 thé tu diéu chinh
tan s6 Q (hodc budc séng) cua cac xung
phat ra va diéu chinh d6 rong cia xung
r€[0,1], phu thudc vao khoang cach dén
muc tié€u;

- Gia dinh rang do 16n cua tiéng vong
thay d6i tir gia tri tdi da Ao dén gia tri toi
thiéu Amin.

Tai mot vi tri x; & vong ldp thir ¢, trong
mdt khong gian tim kiém d chiéu mbi con
doi s& c6 mot van toc v'. Trong tong sb
cac con doi, s& c6 mot con ¢ vi tri tot
nhit x+. Do d06, ba quy tic trén cé thé
dugc chuyén thanh cac phuong trinh cép
nhat cho vi tri x! va van toc v/ nhu sau:

ﬁ:an+(fmax_fmin)ﬂ (10)
vo=v T ), (11)
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t_ -1 t-1
xi = xi + Vi

(12)

trong d6 B € [0, 1] 1a mdt vector ngau
nhién tir mot phan phdi dong nhét.

C6 thé sir dung bude séng hoidc tan sd
dé trién khai thuét toan BAT, gia st dai
tan s6 nam trong khoang fumin = 0 Va fimax
= O(1). Pau tién, mdi con doi dugc gan
ngau nhién mot tan s6 theo phan phdi déu
trong khoang [fmin, fmax]. Vi ly do nay,
thuat toan doi c6 thé dugc coi 1a mot
thuat toan diéu chinh tan sb dé cung cap
mot su két hop can bang giita viéc phat
xung va thu nhan tiéng vong. Tiéng vong
thu dugc va tan sb phat xung cho phép
tap trung vao khu vue ¢6 con moi [7].

DPé c6 duge mot co ché hiéu qua gitra
viéc phat xung va thu nhan tiéng vong va
khi ndo thi chuyén sang giai doan phat
hién dugc con moi. Can phai bién doi
tiéng vong A; va ti 1& phat xung r; trong
cac vong lap. Am lugng cua tiéng vong
dugc chon trong dai tir Amin dén Amax &
giam di khi con doi tim thiy moi, khi d6
ti 1€ phat xung tang 1€n, khi A, = 0 nghia
1a con doi d3 tim thdy moi va tam ding
phat xung. Vi nhitng gia dinh nay, ta co:

A = g A (13)
Va
i = [1—exp(—y1)] (14)

O day « va y1ahang sb, « tuong tu nhu
hé s6 1am mat cia mot quéa trinh nung
chay, vdibatky 0<a <1va y>0ta cé:

A —>0 va r'=r'khi f—>o0 trong
truong hop don nhat ¢ thé chon a= y,
khi mo6 phong thuong chon a=0.9 va y
=0.98.

Thuat toan doi tiéu chuan dam bao toi
uu hoa lién tuc, c6 thé mo rong thuat toan
doi tiéu chuan thanh thuat toan doi nhi



phan (BBA). Chuyén ddi cac vi tri gia tri
lién tuc cua cac con doi thanh gia tri nhi
phan bang cach st dung ham sigmoid
nhu sau:

1
Sx)=—— 15
(x;) 1+exp[—x;] (15)
Dan dén:
1 if S
Ui se)=e 6
0 otherwise

o 12 mot bién ngiu nhién dugc lays tir
mdt phan b déu U(0, 1).

3.2. Sir dung BAT tdi wu hé sé hoc
RBFN trong bai toin diéu khién robot
Sir dung BAT dé xéac dinh hé sé hoc #
t6i uru, theo cac chi tiéu chat luong qua trinh
qua do cua hé diéu khién robot nhu sau:

Bang 1: Chi tiéu cua qua trinh qua d¢

Thoi gian thiét 1ap | <3 sec

(Tc)

Do qué chinh <20% gia tri thiét lap
(Oc) Qo)

S6 lan dao dong | <4

(N)

Céc bude stir dung BAT dé t6i wu hé s6
hoc » nhu sau:

v
Khoi tao tap hop doi (n) véi cac gia tri
n ngau nhién

<&
<

Uéc lugng gia tri theo ham muc tiéu
V@i tat cd cac ca thé, lwa chon gid tri tot

nhAt

L

Or1 = Opin + (Qni4_ O, ) ¥ rand;

Vig =V 05 — X, )0,

X1 =X TV

87

Hinh 3: Thuit toan BAT
1. Khéi tao quan thé doi (n) chiing c6 vi
tri (xi) va van toc (vi) ngiu nhién tham
50 7;
2. Tinh gia tri ham muc tiéu cua tat cac
ca thé doi trong quan thé vira khoi tao.

3. So sanh céc gia tri cia ham muc tiéu
vua tim dugc dé tim ra con doi (Xvest)
cho gia tri ham muc tiéu tot nhat.

4. Cap nhat lai tan sb xung Q va van tde
v cua tit ca cac con doi theo phuong
trinh sau:

Ori1 = Onin + (Onin — Oax) ¥ rand.;
Vin = Ve + (5 — X5, O

5. Céap nhat lai vi tri cta tat ca cac con
doi theo phuong trinh sau:

Xpy1 =X TV

6. Cap nhat lai vi tri ctia ca thé doi néu
do rong xung (r) nhé hon do rong xung
tin hiéu nhé hon d6 rong xung tin hi¢u
tao ra ngau nhién (rand).

if(rand > r)

ne

w —_—
x"" =x,,., +arand

k+1



7. Kiém tra diéu kién

(rand < A& f(x"™") < f(x,_)) chap
nhan quan thé méi va ting do rong xung
() va giam tiéng vong (4) .

8. Kiém tra néu gia tri tot nhat cua vi tri
mo&i trong quan thé doi nhé hon gia tri
yéu cau thi két thuc thuat toan, con
khong lap lai budce thu 4.

Ham muc tiéu cua thuat toan BAT duoc
lua chon 1a ham ITAE :

ITAE: F = [t|e()jdt

Luu d6 thuat toan toi wu tham sé bo diéu
khién robot dwa trén thuit toan BAT
dugce thé hién nhu sau:
4. Mb phong BAT tdi wu hé sé hoc cho
RBFN diéu khién robot hai bac tu do
Véi mo hinh robot c6 phuong trinh dong
luc hoc nhu sau:
mly 4141+

+m, (I} +l§2 +211,, cosq,)

M(g)=
mZ(I;2 +11,,008¢,) +1, mzl;2 +1,
. (mly, +m,l;)g cos(q,) +myl,,g cos(q, +4,)
gg)=
m2[g2g c0s(q, +¢,)

24,

N —q, ) .
B(q,q) = m,l[,, ( > j sin g,
q 0

1
Vo1 m; = my; + my ;)

Bang 2. Cac tham sb ciia robot

phing hai bic tu do
Khép | Khép
thir nhit | thir hai
Khbi 1 kho
OLIONE X% 1 56,0 50.0
my; [kg]

my(I2, +11,, cosq2)+12_
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Khbi 1 )
01 U:Qng cua 5.0 5.0

dong co my; [kg]

Momen quéan
tinh cua khép I;
[kg.m?]

10.0 10.0

Do dai cua khop
l; [m]

Khoang cach dén

trong tam cua 0.5 0.5

khép lgi [m]

Joint 1

qLTl

-
Lt
X

Hinh 4. M6 hinh robot hai bac tu do

Vi robot khop ctirng  hai béac tu do,
mang RBFN ¢6 cau truc nhu hinh 5:
PAu tién dat n =200, ta chon cac tham sb
diéu khién cho moment T va thuat chinh
trong mang noron W, cho robot nhu (8),

(9). Ma tran K va h¢ s6 y trong phuong

trinh  (8) dugc chon nhu sau:
1000 0

K= v =20; ;
0 1000

Trang thai ban diu ctia robot 1a:
g0 =-04;q,,=1.85 .

Vi cac tham s6 ham Gauss cua mang
noron:

A= 4=2  ¢=001; ¢ =0.02;

Do bt dinh cta robot duge chon t6i
30% gia tri that:



AM =30%M;AB =30%B;Ag = 30%g

Thanh phén ma sat va nhiéu loan dugc

gia thiét:
) 3sin(20¢) +1+5¢
d(q,9) =d(t) = T
cos(20¢) +3q,
B 0—
—W A )

Hinh 5. Céu triic mang RBF dé bu
cac thanh phin bét dinh ciaa robot

Ma tran C;, C2 cia mat truot duoc chon

. 10 0 25 0
la: C, = ;C, = .
0 10 0 25

Céc momen cua cac khdp co gia tri
chén trén 1a +1500(N.m) va chan dudi la:
-1500(N.m).

Toc do bién thién 16n nhét va nho
nhat ciia cdc momen la: + 800 (N.m/s).

Cho quy dao mong mudn qia(t) va
qea(t) khi tay nam cua robot di chuyén tir
diém dau A(1.5; 0.8) dén diém cudi
B(0.8; 0.1) theo duong tron tam C(0.8;
0.8) nguoc chiéu kim ddng ho trong thoi
gian T theo quy luat tbc do goc hinh
thang véi gia toc goc B cho trudc.

o(t) 1a géc trén cung AB. a(0) = 0.
o(T)=3n/2

X, 0.8 cosa .
= +0.7| . la quy dao
V; 0.8 sing

chuyén dong mong muodn cua robot.

Két qua mo phong nhu sau:
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01 T T T T

0.05

Oz

-0.05

Error on Angle (rad)

0 e s S S S

045 ! ; | ;
o1 0 2 4 6 8 10
Time(s)

Hinh 6a. Sai 1énh vi tri goc cia khép 1
va khép 2 trong khong gian truc

15

& ! . N s & doi
=
s N o o R L e S T S S S O SR I e e 2
o :
© 1
5 oben :
> il :
5 : : ! !
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Hinh 6b. Sai 1énh van toc géc ciia khép 1
va khép 2 trong khong gian truc
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Hinh 6c¢. Biéu dién ciia moomen tic dong
lén khép 1 va khép 2

Dé nang cao chat lugng didu khién,
chung ta c6 thé t6i vu hé sb hoc n bang
BAT.

Ham muc ti€u cua thuat toan BAT duoc
Ivra chon 1a ham ITAE :

Két qua md phong nhu sau:
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Hinh 7a. Sai 1é€nh vi tri géc ctiia khép 1 va
khép 2 trong khéng gian truc
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Hinh 7b. Sai 1énh van tdc géc ciia khép 1 va
khoép 2 trong khong gian truc
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Hinh 7¢. Biéu dién ctia moomen tic
dong 1én khép 1 va khép 2
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Nhin xét: So sanh két qua thu duoc trén
hinh 6 va hinh 7 ta thiy sai 1éch vé vj tri
va van tdc goc trong 2 truedng hop khong
c6 su thay d6i 16n, nhung biéu dién cua
momen tac dong 1én khop thi cé su thay
d6i. Khi hé sb hoc n chua duoc tbi wu,
yéu cau cia momen 13 vuot ngudng (1)
>1500 N.m). St dung BAT xéc dinh
duge hé sd hoc n tdi wu thi (t1 <1500
N.m) nam trong dai cho phép. R& rang
chat luong diéu khién da dugc cai thién.
5. KET LUAN

M6 hinh diéu khién robot theo
nguyén ly truot st dung RBFN dam bao
qué trinh hoc online trén toan by khong
gian trang thai. Két qua cho thdy hé thong
dam bao hditu va sai léch tién dén khong.

Tiép theo, stt dung BAT dé tim hé
s6 hoc tdi wu cho phép chiing ta khao sat,
danh gid dugc anh hudng cua hé s6 hoc
dén qué trinh hoi tu cua thuat hoc déng
thoi nang cao hon nita chat luong cua
qua trinh diéu khién. Day 1a mot budc
tién trong qua trinh nghién ctru tmg dung
mang noron dé xay dung cac bd diéu
khién robot vira dam béo tinh hoi tu va én
dinh dong thoi nang cao hon chat lugng
diéu khién.
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