Tgp Chi Khoa Hoc Gido Duc Ky Thuat (33/2015)
Truong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

MOT PHAN TiCH PQNG LU'C HOC MOI BE PIEU KHIEN ROBOT CA
DANG CARANGIFORM BAM THEO QUY PAO CHO TRUOC

THE NEW DYNAMIC ANALY SIS APPROACH AND TRAJECTORY FOL-
LOWING CONTROL OF A CARANGIFORM FISH ROBOT
Hoang Khiic Anh, Pham Vin Anh,
Nguyen Tan Tien, V6 Twong Quin
Truong Pai hoc Bach Khoa TPHCM

Ngay toa soan nhan bai 20/4/2015, ngay phan bién danh gié 22/4/2015, ngay chap nhan dang 27/4/2015
TOM TAT

Bai bao gioi thiéu mot phdn tich dong luc hoc moi dé diéu khién robot ca 3 khop dang Ca-
rangiform bdm theo 19 trinh xdc dinh véi dé xudt sir dung két hop phwong trinh Newton-Euler
va Euler-Lagrange. Robot cd diwoc thiét ké bao gom 2 phan: phan dau va phan dudi. Viéc diéu
khién phan dudi ciia robot cd - dge phdn tich bang Iy thuyét dong luc hoc tay mdy robot - sé
gilip robot cd di chuyén theo 19 trinh xdc dinh, ching han nhie ¢ thé diéu khién robot cd di
chuyén trong mat phang nam ngang. Trong bai bdo nay, cdc nghién civu tdp trung vao viée diéu
khién robot cd boi theo quy dao cho truée trong mdt phang ngang va di chuyén dén do sdu
mong muén trong mdt phdang Ovz chira dige xem xét dén. Mot bo diéu khién Fuzzy va Adaptive
BackStepping da diegc phat trién dé diéu khién phan dudi givip rébot ca bam theo quy dao cho tricée.

Tir khéa: robot cd, dong luc hoc tay mdy, b diéu khién backstepping, bé diéu khién Fuzzy
ABSTRACT

This paper proposes a new dynamic analysis to control a 3-joint Carangiform fish robot
swim to along a desired trajectory by using Newton-Euler and Euler-Lagrange concepts. The
fish robot is designed into two parts. the head and the tail of the fish robot. The tail of the fish
robot will be analyzed quite similarly to the analysis of the dynamic model of the manipulator.
By controlling the tail with respect to the desired profiles, one can control the fish robot on the
horizontal plane. To simplify, it is assumed that the motions of the fish robot include two main
actions: the movement of fish robot on the horizontal plane and movement of fish robot to the
desired depth. The movement of the fish robot to the desired depth is ignored. In this paper, the
authors only focus on the control on the fish robot to swim following the desired trajectory on
the horizontal plane. Fuzzy and Adaptive Back Stepping controllers are developed to control
the tail for this purpose.

Key words: fish robot, dynamic model, backstepping controller, fuzzy controller.

1. GIOI THIEU

Ngay nay, huéng nghién ctiu vé robot ca
dang phat trién rAt manh va di dat duge nhiéu
thanh tyu dang ké. J. Edward Colgate va Kev-
in M. Lynch da cong bé mot bai bao rit ¢6 y
nghia trinh bay tong quan lai tat ca vé thiét ké
co khi ciing nhur viée diéu khién boi cho robot

ca [1]. Mat khac vé phan loai robot ca, ta co
thé chia chung 1am hai dang chinh dya vao
hinh dang boi cua ching: BCF (Body and/or
Caudal Fin) va MPF (Median and/or Paired
Fin) [2]. BCF dya trén nhiing thay doi hinh
dang cua than, dudi va vay dudi dé tao luc
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day. Dang MPF thi dya vao sy dao dong cua
vay hong hoic vay két hop. Trong thuc té ta
c6 thé nhan dinh ring, c4 dang BCF phd bién
hon dang MPF va c6 bén dang boi cha yéu:
Anguilliform, Subcarangiform, Carangiform
va Thunniform. Trong do6, dang Carangiform
la dang di chuyén véi bién d6 dao dong cia
thin va du6i 1a twong d6i nho. Vi vy, trong
cac dang ciia BCF, hau hét robot c4 déu phat
trién dya theo dang Carangiform béi tinh linh
hoat va d& diéu khién cua né. Thong thuong,
robot ¢4 dang Carangiform dugc thiét ké véi
dang 3 khop hodc 4 khdp. Motomu Nakashi-
ma va cac cong su di mo ta phuong trinh sb
hoc va kinh nghiém thiét ké robot ca 2 khop
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va st dung “sefl-excitation” [3] va nhén thay
rang robot ¢6 thé boi véi van tde 1on nhat 1a
0.42m/s. Trong mdt nghién ctru khac, QinYan
cung cac cong sy da phat trién robot ca véi
4 khép dudi va xéc dinh duge cdc thong sb
anh huong dén robot c4 nhu tan sd, bién do,
chiéu dai song, do 1éch pha va cac hé s6 dén
vén toc di chuyén ctia robot ca [4]. Viée thiét
ké va diéu khién robot boi nhu ca that bang
cach str dung céc céu tric lién tuc thay vi roi
rac la nhitng dong gop co y nghia [5]. Feitian
Zhang va cic cong su di phat trién robot ci
bang viéc két hop thé manh cia tau lwon dudi
nudc va robot ca tao ra mot robot c6 kha nang
di chuyén linh dong [6].
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Hinh 1: Hai dang di chuyén cua cd: (a) Dang BCF; (b) Dang MPF [1]

M6 hinh hda va mé phong 1a hai viéc quan
trong trong diéu khién robot, chung s& gitp ta
c6 dugc nhitng kinh nghiém trong viéc thay
do6i cac thong s6 hé thong trude khi thiét ké
robot ca that. Trong bai bdo nay, céc tac gia
s€ trinh bay phuong phap moé hinh dong luc
hoc m&i cho robot véi y tuong thiét ké 1a su
két hop dong lyc hoc cia AUV (Autonomous
Underwater Vehicle - thiét bi tu dong di
chuyén dudi nuée) va dong luc hoc canh tay
robot. Sau phén thiét ké bén ngoai, cac bd diéu
khién s& gip robot c4 di chuyén theo quy dao

mong mubn s& duoc thao luan. Nhu ta d3 biét
robot ca 13 hé phi tuyén, do dé chung ta c6 thé
str dung bo diéu khién thong minh hodc bo diéu
khién phi tuyén dé diéu khién robot c4 theo quy
dao mong mudn. Trong bai bao nay cac tic gia
sir dung bd diéu khién théng minh Fuzzy va
b6 diéu khién phi tuyén Adaptive Back Step-
ping d¢ dicu khién chuyén dong dudi tir do
diéu khién robot ca di chuyén trong mat phing
ngang. Cudi cling, mot vai két qua mo phong s&
duoc gidi thiéu dé chimg minh tinh hidu qua va
tinh kha thi ctia phuong phap da dé xuét.
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2. MO HINH HOA ROBOT

Thiét ké cua robot ca duge dé xuét nhu
trong hinh 2: robot ¢4 ¢6 3 khép dudi va phan
dAu, dudi cua robot dugc tao bodi 2 khép chu
dong va 1 khép bi dong. Robot ca di chuyén

trong mit phing ngang bang cach st dung
dao dong cua dudi dé tao ra luc day gitp ro-
bot ¢4 di chuyén dén phia truée. Cac thong
s6 diéu khién cho robot c4 dugc trinh bay
trong bang 1.

Bing 1: Cdc théng sé diéu khién cho robot cd

Hinh 2: Céu tric ciia robot cd dang
Carangiform

Y tudng cua bo dong luc hoc dugc phat trién
dua trén phuong trinh Newton-Euler va dong
lre hoc tay may. Phuong trinh chuyén dong
cia phan dau robot c4 1a phuong trinh phi
tuyén va dugc mo ta trong phuong trinh (1)

[8]:
M v +[Cw)+DW)]v+gn)=F Q@

Trong do:
M": ma tran khéi lwong
C(v): ma tran luc Coriolis va luc hudng tdm
D(v): ma trdn giam chan
g(M): Ma tran két qua cia trong luc va luc
Archimedes

Bic tw do | Chuyén déng tinh tién | Vantdedai | Vjtri & Géc Euler
ac ty & chuyén dng xoay | & vin toc xoay | (H¢ toa d§ trai dat)
1 surge u X
2 sway v y
3 heave W ~
4 roll p )
5 pltCh q p
6 yaw r v
Earth-fixed
Coordinates
0 A0 X
\
Body-fixed *
S
y N 4

Hinh 3: Hé toa do gc“in trén robot va hé toa
dé cé dinh gén trén trdi dat

F: Ma tran lyc va moment tac dong x¢t
trong h¢ toa d dia phuong

v: ma tran van toc tinh tién va quay trong
h¢ toa do dia phuong

v=luvwpqr]’

Phuong trinh (1) mo6 ta phuong trinh dong
luc hoc cho dau robot cé4 trong khong gian 6
béc tu do vdi hé toa @6 dia phuong. Ching ta
c6 mdi quan h¢ gitra van tdc tinh tién trong h¢
toa d6 dia phuong va toan cuc:

X
y
z

= J1(nz)

u
Jf,] 2)
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Trong do:
cospcosd —simpcosep + cosysinfsing  sinpsing + cosysinfcosgp
Ji(n,) = [simpcosﬁi cosypcosep + simpsinfsingg  —cosysing + sim,{Jsichosq)]
—sinf cosfsing cosBcosg

p tuy nhién diéu d6 ching ta c¢6 thé bo qua vi ro-

— . bot chi di chuyén trong mit phing nim ngang.
—]2(712) ({ (3) 2 Y. Ao , cyo .
r Luc day dugc tao ra boi duoi robot ca. Gia tri

cua luc phu thudc vao tan s6 va bién do cua

¢
0
P

Ve | dui. F, 1a luc quén tinh chét long va F, 1a luc

L singtand  cos (,f)ltanH nang cua vay duéi. F, 1a luc day tai vay dudi,

J2(nz) = |0 cos¢ —sing F_ la thanh phan luc ngang tai vy va F, la
0 sing/cos8 cos¢/cosb

lyc can. Theo [3, 7], phuong trinh cua céc luc
Ching ta can luu y 1a ma tran thi khong tac dong tai vay dudi dugc mo ta trong cac
xac dinh tai mot sé gia trj cta gbc pitch (do), phuong trinh (4) va (5).

‘ Y

Direction of movement

b

(a) (b)

Hinh 6: (a) M6i quan hé giita U, u, v; (b) So' do tinh todn géc tin cong [7]
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F, = mplL,C*Usina + mpL,C*c¢Ucosa (4)
F, = 2mplL, CU?sinacosa (5)
Fp = Fpy — Fpy = (Fy — Fp) sin(qs) (6)
Fe =Fgy — F¢y = (Fy — F;) cos(qs) (7)

Trong d6 L, 1a chiéu dai quét cia dudi,
1a trong luong riéng ctia nuwéc, U 1a van tdc
turong dbi tai trong tAim cia vdy, la goc tin
cong va 2C 1a chiéu dai tir phan dau dudi robot
dén phan cubi dudi robot. Ta c6 cac bién tong
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quét ( (i=1, 2, 3)) (hinh 8), 1 véan tdc ctia nudc
theo phuong Ox, v 13 vén téc ciia nude theo
phuong Oy va dugc tinh toan:

V= Ye3 = 1141€05q1 + 124200592 + 13G3€05q3

) v.ov B
U= Ev = 6(Zlqlcosql + 1, §,c084,

u + l3Gzc08q3)
—E(llqzlsinql + 1,47, sing, + 13G° ;sing;)

a=¢+q;
u v . . v
Cos@ = 7 c0Sqz — Singz . sina = -cosqz +

Y sin
0 ds

Y A
~N
N
. >
Mo w

™ \n

Hinh 7: Mo hinh phan tich cua dudi ca

Pubi cua robot ca dugc md hinh nhu hé
thdng tay méy 3 khép va duoc trinh bay trong
hinh 7. M6 hinh ¢6 hé s6 10 xo k , ta1 khop thar
nhat, k, tai khép thir hai va k, tai khép cudi.
Ching ta cé thé bé qua k,, k, béi vi ching réat
nho. Céc gia tri ¢, ¢, va ¢, la cac h¢ s6 giam
chan tai tdm cua cac khop. Chung ta ap dung
phuong trinh Euler-Lagrange cho dudi cua
robot c4. Luc tong quat bao gdm moment cta
cac dong co va moment tao ra boi F and F,
bdi vi robot chi di chuyén trong mat phang
Oxy. Ta co:

d (GL) dL B
de \dg; aqi_Qf

Trong do: L 1a ham nang lugng, Qi (i=1, 2,
3) 1a cac bién tong quat va 1a luc tong quat.
Phuong trinh ctia hé théng robot c4 3 khop

duoc viét nhu bén dudi:

My My, Mys ‘h Ny T, _
My My, Mys| |G| = N2 + | T2 (8)
My Mgz, Mszllds N T5

Chi tiét cdc ma trin MU. va N, dugc
trinh bay trong phan phu luc (i, j =
1, 2, 3). T, la momen cua ddng co
tai khac khép (i = 1, 2, 3). Dé giai
phuong trinh 8, ching ta can cac bién
téng quat (¢i (i=1, 2, 3)), sau d6 tinh
F,vaF,.

Trong bai bao nay ta chi tap trung
vao cac di chuyén trong mit phing
Oxy, dua vao phuong trinh (1), phuong
trinh chuyén déng cua phan dau robot
cd duogc trinh bay nhu trong phuong
trinh (9):
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m|d — vr + wq — xg(q* +1%) + 2, (pr + D] =T Xoxe

mlv —wp +ur + z;,(qr —p) + x,(qp + )| = X Yo

)

L7+ (Iyy — L Jpq + m|x,(0 — wp + ur)| = ¥ Ny

Trong do:

m: khdi lwong cta robot

(xg,yg,zg ): Toa d¢ trong tam cua robot trong
hé toa d§ dia phuong

IZZ,lyy,IXX: Moment quan tinh theo cac truc
Oz, Oy va Ox

X o2 Y, Téng luc doc truc Ox, Oy

Téng moment quay quanh truc Oz

Chung ta co:
ZXext = Fr — Fyx (10)
ZyextzFC_de (1)

Z Nexe = (xgW — xpB)cos8sing
+ (VgW — v B)sin® — Fe(ap + licosqy (12)

Trong do:

M.=Mg +Mo + Mg

M. = c1q1a9

Mg, = ¢;qpc05q,(ag + 1 cosqy)

M. = c3q5(ag + Licosq, + 1,c05¢,)c05q,

V6i 1a toa dd diém dat cua luc déy Archi-
medes trong h¢ toa dd dia phuong, W 1a trong
Ivc cua robot ca, B 1a Iirc Archimedes va la
cac moment gdy ra boi luc giam chin tai cac
khdp thi:

- Luc can theo phuong truc Ox (F ) duoc
tinh toan:

1
Fax = 5pV?:CpSy (13)

Luc can theo phuong truc Oy (F dy) duoc
tinh toan:

1
Fay = 5PV*yCoSy 19

Véi p la khéi lugng riéng cua nudc;
VX,Vy la van toc tuwong do6i cua ro-

bot d6i v&i nude theo truc Ox va Oy;
C, hé sb can; Sx,Sy la dién tich cn cua
robot c4 theo phuong Ox va Oy.(Sy>>Sx)

V<

Hinh 8: Cdc bién khép tong qudt trong hé
toa do dia phwong

3. THIET KE BQ PIEU KHIEN

Trong phan nay, ching ta thiét ké hai bo
diéu khién cho robot ca. Str dung bo diéu khién
Fuzzy hoic bo diéu khién Adaptive BackStep-
ping, chung ta diéu khién dudi cta robot ca di
chuyén theo bién dang mong mudn. Vi bién
dang mong mudn d6, dudi cua robot tao ra Iuc
va moment dé diéu khién robot. B&i vi dudi
ctia robot c6 thiét ké gidng nhu hé théng canh
tay robot cong nghiép nén méi khép s& cé mot
bd diéu khién riéng,
A. B diéu khién Fuzzy

Ngay nay, by diéu khién Fuzzy logic ngay
cang duoc Gmg dung nhiéu dé diéu khién cac
hé théng tuyén tinh va phi tuyén. B diéu
khién Fuzzy c6 hai tin hiéu dau vao (sai sd
(e) va do bién d6i sai sd (ec)) va mot tin hiéu
dau ra T (Moment ciia dong co tai cac khdp).
Ta chon ham lién thugc dang tam giac cho
céc bién dau vao va dau ra. Phuong phép gidi
mo la phuong phéap trong tam COG. B9 luat
Fuzzy dugc gidi thiéu trong bang 2.
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Bdng 2: Bo ludt Fuzzy
T ec
NB [NM | NS|(ZE | PS (PM | PB
NB |PB |PB |PM|PS |PS |ZE |ZE
NM | PB |PB |PM\|PS |PS |ZE |NS
NS |PM |PM |PM|PS |ZE | NS |NS
e ZE |PM |PM |PS |NS |NS |NM | NM
PS [PS |PS |ZE |NS |NS | NM | NM
PM |PS |ZE |NS |NM|NM|NM | NB
PB |PB |PB |PB |NM |NM|NB | NB

B. B¢ diéu khién Adaptive Back Stepping

Bo dicu khién BackStepping 1a mot b
diéu khién hé phi tuyén thuong dugc dung cho
cac tng dung bam theo quy dao cho trudc.
Trong bai bao nay ta ldy y tuong thiét ké tir tai
lidu tham khao [8] dé thiét ké bo diéu khién

Adaptive Back Stepping:
Myy My; My ‘h Ny T, (15)
My, My, Mys||Gz| = |N2| + [T,
My, Ms, Misllgs Ny 0

Ta dinh nghia: H=-M"' N, S =q; S,=q (16)
Phuong trinh (16) tré thanh:
M($,+H)=T (17)

S1 =S,
bat:

€1 = Qrer =51

62 = (U-ref - SZ ;

Wyer = €164 + Qref

Trong do:
e, sai s6 goc quay céac khdp cua robot
¢,: sai sO van toc goc cac khop cua robot

€y = (rep — $3 = (8161 + Grep) — M T+ H

= (—&%ey +ey6, + Gper ) —M'T+H

(18)
Dua vao phuong trinh (18) ta chon tin hi¢u
diéu khién:
_ (1—¢&%e; + (19)
T=M .. 5
e2(&1 + &)+ Grep + H
Trong phuong trinh (19), va la cac ma tran

udc lugng cua ma tran M va H. Ta dinh nghia
sai s0 ude lugng:

M=M-M . H=H-H.
Thay phuong trinh (19) vao phuong trinh
(18):
€y = —€; — €38
+ MM ((1 —&%)e;
+ex(8 + &) + rey
+ H) + H

(20)

Céc ma tran udc lugng dugce tim b%ng cach
st dung ham Lyapunov. Ta chon:

1 1
V= zelTel +§€2T€2

T (21)
+—— M7 + S ATH

Dao ham cdp mét cua ham Lyapunov duoc
trinh bay trong phuong trinh (22):

V=eTe +e, e, +M 1 T
d _ —r d .
(~) + " (- )
Thay phuong trinh (20) vao (22):
V=—ceTe —eeTes+ (M)
[ez ((1 — e +ex(er +£2) + Grep + ﬁ) —%M]
+ 07 [e, - 1]

(22)

Muc dich cua ta can tim 1a V <0 vi vy ma
tran udc luong co6 theé dugce chon:

e 2Y, R
i A=aea N\ g
E=€2 tex(er + &) ) ; E=€2

+ijrer + H
1 ’-‘—— 7T‘J_ )Tjﬂ;"
Khido: V = —gre1' e — epe3" €20,
Vay hé thong on dinh.

4. KET QUA MO PHONG

Dua vao phuong trinh chuyén dong cua ro-
bot ca duoc gidi thidu & phan 2 va ap dung
hai bo diéu khién Fuzzy va Adaptive Back
Stepping duoc thiét ké & phan 3 ta tién hanh
moé phong diéu khién géc yaw cta robot. Tir
d6 ta co thé diéu khién robot ca trong mit
phang Oxy véi quy dao mong mudn. Dau tién,
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ta & kiém tra diéu khién robot v&i goc yaw Qire = D + Asin(2mft + @y)
mong mudn cho trude. Két qua m6 phong sé Garer = D + Asin(2rft + @,)
gioi thiéu dap ing géc yaw cua robot ca va Trong d6: D 1i gbe mong mudn.
Veir.lqt()c gbc cua goc yaw. Cuoi cung ta s§ dicu Kp: Hé s6 ty 1& duong.
khién robot bam theo quy dao mong muon. .,
. L error_yaw: Sai sO gOC yaw.
A. Diéu khién goc y aTV A: bién d§ cua ham sin.
Goc ya:w rflongATnuén 12‘1, 6‘00. Biél"l dar'lg /+ thn s6 ctia ham sin.
mong muodn cua dudi robot ca l1a dang hinh sin .  1ech oh
v6i phuong trinh nhu sau: Py V@, £0C TeChl pha-
Bdng 3: Théng s6 mé hinh ciia robot cd
L, = 0.01304 (m*) | Sy =0.021m? | i, = 0.195(m%) iz = 0.215(m*)
I, = 03722 (m*) | i, = 0.813(m*) | m, = 0.06 (kg) | m; = 0.0286 (kg)
I, = 0.3626 (m*) | my =0.354 (kg) | I, =0.088 (m) [; =011 (m)
my = 1.54 (kg) [, =0.167 (m) ks = 15x1072 a; = 0.055 (m)
p =998 kg/m3 a, = 0.115 (m) | a, = 0.035 (m) €3 =5
Cp = 0.5 ¢; = 12x1072 ¢, = 8x1072

- Bj diéu khién Fuzzy
Ta chon:

K,=1, A =0.0873rad,

T
f=05Hz ¢, = T rad;

T
= —rad.
@2 12

Dap tng cua robot cd dugc trinh bay trong
hinh 9. Ta nhén thdy bo diéu khién mat 10

—yaw
80 [ Designed yaw

AAMAARAAN
VUV

_———
-
p ——n
o
e
P et

o
S
:—*__.

0 5 10 15 20 25 30 35 40 45 50

Hinh 9: Dap 1ng goc yaw
véi géc mong muon 60°

gidy dé diéu khién robot dat dugc géc yaw
mong mudn. Cac gié tri bién téng quat q.(G=1,
2, 3) da duoc chuyén qua hé toa do toan cyc.
Khi dat dugc gia tri gbc mong mudn, goc yaw
cua robot cd van tiép tuc dao dong véi bién do
nho khoang +/-10°, Diéu nay 1a binh thuong
giong Vi ca that.

biéu khién géc yaw mong muon la 60 do.

90
— g1 angle

ol MAMARMARAAAARARRAARA
SRSV VRV

0 5 10 15 20 25 30 35 40 45 50

Hinh 10: Pap vung goc q,
cua dudi robot
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Hinh 11: Ddp ung goc q, cua dudi robot
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q2 angle

MAN
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T
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- Bj diéu khién Adaptive BackStepping
Ta chon:
K,=051, A=0.1745rad,f =1Hz,@, =

™
——rad; @
2 ()

s
—rad; s, =&, =0.8.
12 1 2

Dép ung gbéc yaw duoc trinh bay trong
hinh 13. Dya vao ddy ta thdy hé thdng dat

Truong hop géc yaw mong muon li 60 dp.
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Hinh 12: Dadp irng goc q, cua dudi robot

on dinh ¢ gidy th 10. Géc yaw c6 dao
dong manh ¢ nhiing gidy ddu nhung sau
d6 da dat dugc trang thai 6n dinh véi géc
yaw mong mudn. Thoi gian hoat dong sau
d6 dap ung c6 dac diém gidng véi bo didu
khién Fuzzy.
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Hinh 13: Bdp img goc yaw véi géc mong muon 60°  Hinh 14: Dap img goc q, cuia dudi robot
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Hinh 15: Dap g goc q, cua dudi robot
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Hinh 16: Dap itng goc q, cua dudi robot
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B. Diéu khién robot theo quy dao mong muon
Trong phan nay robot ca sé dugc diéu khién
dé bam theo quy dao mong mudn cho trude.
Duong lién tuc 13 dap tng vi tri cua robot c4,
duong dut gach 1a quy dao mong mudn.
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Hinh 17: Ddp ung vi tri cua robot
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Hinh 18: Pap wrng goc yaw cua robot
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Hinh 19: Dap ing goc q, cua duoi

75

- Bj diéu khién Fuzzy

Dép tng cua robot khi ap dung bo diéu
khién Fuzzy diéu khién di chuyén trong
mit phiang nim ngang dugc thé hién qua
hinh 17.
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Hinh 20: Dap ung goc q, cua dudi
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Hinh 21: Dap ung goc q, cua dudi

Trong hinh 18, robot ca cd thoi gian
hoan thanh quy dao mong mudn 1a 700
gidy. Sai s6 xudt hién theo phuong Ox
khoang 0.4m.

- B diéu khién Adaptive BackStepping

Pap ung cua robot khi sir dung bo dicu
khién Adaptive BackStepping dé diéu
khién robot c4 boi theo quy dao mong
mubn dugc trinh bay trong hinh 26. Hinh
22-25 thé hién cac dap ung goc cia cac
khép dudi. Tat ca cac gia tri cua goc da

duoc quy déi sang h¢ toa do¢ toan cuc.
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Hinh 22: Dap ung goc yaw cuia robot
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Hinh 24: Dap 1ng goc q, cua dudi
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Hinh 26: Dap wng vi tri cua robot trong hé
toa do toan cuc.

Trong hinh 26, ta thdy robot can khoang
600 gidy dé hoan thanh quy dao mong mudn.
Khoang cach léch theo phuong Ox la khoang
0.3m.

5. KET LUAN

Trong bai bdo nay, phuong trinh dong hoc
cua robot ca 3-khdp dang Carangiform duoc
gidi thi€u. Dya vao phuong trinh dong luc hoc
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Hinh 23: Ddp ing goc q, cia dudi robot
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Hinh 25. Dap itng goc q, cua dudi

ta thiét ké 2 bo diéu khién 1a Fuzzy va Adap-
tive BackStepping dé diéu khién robot trong
mit phiang nim ngang. Két qua mo phong
nhan thiy bé didu khién Adaptive BackStep-
ping cho d4p tmg t6t hon bo diéu khién Fuzzy
vé thoi gian dép g cling nhu sai 6 vi tri cudi
hanh trinh. Tuy nhién ban thoi gian dau hoat
dong bo diéu khién Fuzzy cho két qua dép tng
vé goc 6n dinh hon. Ta thiy sai sé cua géc
yaw sai léch khoang d6. Sai s6 nay hoan toan
c6 thé chap nhan dugc vi thyc té ca that khi di
chuyén thi van tao ra géc 1éch nho. Qua qué
trinh md phong ta cling danh gia dugc mirc do
chinh xdc ctia phuong trinh dong luc hoc méi
ma cac tac gia da xay dung. M6 hinh dong luc
hoc duoc xay dung theo phuwong phap da trinh
bay & céc phan trén 13 ¢6 thé chip nhin dugc.
C6 thé st dung d¢ tién hanh mé phéng danh
gia cac thong sb ciia robot.

Trong nhing phan tiép theo, cic tac gia s&
tién hanh thyc nghiém dé c6 thé danh gia t6t
hon vé mat thuc té phuong phap xdy dung mo
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hinh nay va d4nh gia dugc cac bd didu khiénda  LOI CAM ON

duoe xdy dyng, bang cach so sinh ket qua ly  Nghién ctu ndy duoc ti tro boi Dai hoc
thuyet m6 phong duge va két qua thue nghiém.  Quéc gia Thanh phé 16 Chi Minh (VNU-
Sau do cac tic gia c6 the nghién ctru gidi quyet  _HCM) trong khuén khé d2 tai ma s B-2013-
bai toan diéu khién d¢ séu cho robot. 20-01.
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