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Nghién ciru md hinh diéu khién robot ba bac tv do
bang hoi tiép tuyén tinh héa

Huynh Minh Vii
Trwong Bai hoc Ky thudt - Céng nghé Can Tho
TOM TAT
Nghién ctru ndy nhdm muc tiéu dp dung bo diéu khién hoi tiép tuyén tinh héa dé diéu khién robot ba
béc tw do. Déng lwe hoc robot ba béc tw do Id hé th6ng MIMO (multi-input multi-output) ¢é tinh phi
tuyén phirc tap, yéu cGu cdn cé mét bé diéu khién tién tién dé diéu khién robot bam theo quy dao dgt
trwdc. Bai todn déng hoc thudn va déng hoc nghijch ciing dwoc trinh bay dwa trén phuong phdp
Denavit-Hartenberg dé chuyén déi quy dao ddtra tirkhéng gian Descartes sang khéng gian khdp va
nguoclai. Két quéd mé phdng cho thdy tinh bén virng ctia hé théng khi cd tdc déng nhiéu va ddp tng vi
tricdc khdp cuarobot cé thoigian xdcldpla 0.25(s), khéng dao déng va saisé xdc lp bi triét tiéu.

Ttr khéa: déng luc hoc robot, Denavit-Hartenberg (DH), diéu khién hé phi tuyén, mé hinh héa hé

théng, hoitiép tuyén tinh héa

1.GIO1 THIEU

Robot céng nghiép la mét trong nhirng déi
twong duoc str dung phd bién va mang lai hiéu
qua cao trong san xuat, sinh hoat,...nhwng déng
thoi cling la ddi twgng cd tinh phi tuyén manbh,
cactham sd bat dinh 1&n va chiu nhiéu tdc déng
cta nhiéu. Song song v&iviéc nang cao do chinh
xactrong cackhauldp ghép co khithidiéukhién
cling 1a mot van dé hét strc quan trong dé cai
thién dang ké chat lwgng lam viéc ctarobot [1].
Trong cong nghiép, tay mdy thuwong dugc su
dung rong rii trong cac viéc |3p rap, han, tién,
sonvamot sd ng dung cdng nghiép khéc. Cac
&ng dung nay can vach dugc hudng di chuyén,
quy daovathiétké bd didu khién. Hoach dinh
quy dao bao gébm xac dinh duwdng cong trong
khéng gian lam viéc cla tay may, két hop vdicac
diéukién dauva cudicunglaxicdinhvitritaico
caduchaphanhdaucudi[2].

Hién nay, c6 nhiéu phwong phap diéu khién
robot d3 duoc cong bd va dp dung thanh cong.
Tuy nhién, dén nay bai toan diéu khién robot
van luén danh duoc nhiéu sy quan tam cla cac
nha khoa hoc trong va ngoai nudc. Cu thé,
phuong phap diéu khién trwgt st dung mé hinh
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m& no-ron dugc kiém chirng phu hop dé diéu
khién md hinh robot ba bac ty do trong bai bao
[3]. Trong d¢, tac gia da s&r dung mang no-ron
ham co s& xuyén tdm dé wdc lvong truc tuyén
cdc ham phi tuyén trong luat diéu khién va st
dung logic m& dé wdc lwong bién do cla luat
diéu khién dya vao ly thuyét 6n dinh Lyapunov.
Hon nita, su két hop gitta logic m& va bd diéu
khién truot cling mang lai hiéu qua diéu khién
v@icaché phituyén. Trong d6, logic m& dong vai
tro nhw bo gidm sat dé diéu chinh mat truot cda
bo diéu khién trwot 4p dung cho mé hinh tay
may babactydo [4].

Dua trén nhitng két qud nghién clru trén,
nghién ciru nay dé xuat mét phuong phap dé
diéu khién vij tri cac bién khép cia robot dya
trén phuongtrinh ddng luc hoc bang diéu khién
hoi tiép tuyén tinh héa. Phwong phap diéu
khién nay duoc thiét ké twong déi don gian
nhung mang hiéu qud cao khi diéu khién déi
tugng robot ba bac ty do. Bén canh d¢, viéc
danh gid chat lugng diéu khién trong nghién
ctru nay con duwocthychiénkhirobot hoat déng
dudi tac dong cha nhiéu. K&t qua md phdng
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kiém nghiém két qua duoc thyc hién trén phan

m&m MATLAB/Simulink. ‘cos, —sing, 0 I,cosb), ]
Nghién ctru dugc té chirc gobm bdn phan: Gidi sind, cosf, 0 Isiné,
thiéu la phan 1; Mé hinh toan déi tuvong diéu H) = (2)
khién duoctrinh bay & phan 2; Phan 3 trinh bay 0 0 1 0
phuong phép thiét k€ bé diéu khién hoi tiép
tuyén tinh héa cho robot va két luan 12 ndi dung 0 o 0 1 |
cGaphan4.
2. MO HINH TOAN D61 TUQNG DIEU KHIEN [cos@, —sinf, 0 [ cosd, |
2.1.bonghocrobot . _
2.1.1. Déng hoc thuén ) sinf, cos6, 0 I[;sind,
Khao sat mé hinh may ba bac ty do, duoc trinh H; = (3)
baynhu Hinh 1. 0 o 1 0

0 o 0 1 |

Vo

-

Tircdcmatran(1), (2) va (3) suy ramatran chuyén
déitdng quat (4).

cos(@+0:+6) ~sin@-6:-6) 0 P]

sin@+6+6) cos@+6;+6) 0 P,

HY=H! Hy Hi= @)
0 0 1 P
i 0 0 0 1
Trong d6:
Hinh 1. D3t hé toa d6 DH cho robot ba béac
tu do P =1l cosb+1,cos(6,+6,)+[,cos(6+6,+6,)

Bai toan dong hoc thuan phan tich chuyén L =4sin@+5sin(6+6,)+1sin(6,+6,+6;)  (5)
déng cha robot dua trén gia tri cla cac bién

khdp va thdng sé vat ly cha robot, dé thuc hién £=0
baitoantréncan dat hé’toa toai dotheo un tac 0=6+6,+6,
DH (xemHinh 1) va thiét [ap bang thong s6 DH
(xem Bang 1). Khi d6 cadc ma tran chuyén doi
duocxacdinh: Bang 1. Bang théng sé DH
[cosd —sing, 0 [ cosé, ] Khau a; ; d, 0,
. sing, cosg 0 [sin6 1 h 0 0 6
H = (1) p o
0 0 1 0 2 ’ 0 0 2
l Sk
0 0 0 1 3 3 0 0 o,
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2.1.2. béng hoc nghich

Nguwoc lai vdibaitoan dong hoc thuan, bai toan
ddng hoc nghich robot xdc dinh gid tri cc bién
khdp khi biét duoc vi tri cda khdu chdp hanh
daucubivacacthéngsévatlyclharobot.

Dua trénHinh 1 dé dang xac dinh dwgc phwong
trinh(6) va(7).

x, =1, cos 6 +1, cos(6, +6,) (6)
v, =1l sing +1,sin(6,+6,) (7)
x5 +ys =1 +1; +211, cos 6, (8)

X+, =k =l
211,

2
sing, =+ |1 2ty =k b
? 211,

Tir cdc phuong trinh(9) va(10) suy ra két qua(11)

cos6, =

(9)

(10)

6, =atan2(sin6,,cos 6,) (11)

Thay sin (6, +6,) = sin§,. cos, + cosé,. sinb,
vacos (6 + 6,) = cosd.cos 6, —sing,.sin 4, vao
cac phuong trinh (6) va(7) cé duoc két qua(12)
va(13).

x, =cos§,(/, +1,cos6, )—sing (/,sin6,) (12)

¥, =cos6 (L, sinf, )+sing ([, +1,cos6,) (13)

cosd = (£, +1, cos 922).x2 erlz siné,.y, 14)
X+

sing) = (1, +1,c086,).y, —1,sinb,.x, (15)

2 2
X, ),

Tlrcdckétqua(14)va(15)suyrakétqua(1e).

sin @,

tan 6, = — 6, :atan2(sin91,cosﬁl) (16)

cos 6,

Dva trén phuong trinh(5),(11) va(16) suy ra gia
tri @, nhu(17).

6,=0-6,-06, (17)
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2.2.Dongluchocrobot
Doéng lwc hoc cla robot ba bac tu do cé dac
trung 1a tinh phituyén cao va c6 dang tdng quat

dugcthéhiénnhuw phuongtrinh(18) [5-7].
M(O)0+V(0,0)+G(O)=u (18)

Véicdcmatranthanh phan[8-9]:

My M, M, la ma tran quan tinh
M=M, M, M, A Ay
(ma tran vuong);
_M3l M32 M33
_Vl _
V' =|V, | lamatran hwéng tam va lyc Coriolis;
V5
_Gl_
G=| G,| lamatran trong luc;
G
| X A A e A
la ma tran momen tac déng Ién cac
UEI L he
p.
RN
Trong do:

M, =ml’+m, [lf+ L+211, cos (6, )] +m, [Zf+l§+l32
+ 211, cos(6, )+ 211, cos (6, + 6, ) + 21,1, cos (6, |

My, =M, =m,| 13 +11, cos(0,) |+m; | 1 +13
+1,1, cos (6, )+ 11 cos (6, +6,) + 21,1, cos(6}) |

M,,=M,= ng[lf +1 1y cos(6, +6,)+ 11, cos(@)]
My, =ml3 +my| 1 +13 + 21,1 cos(6}) |
M, =M, =m, [132 +1,1, cos (6, )]

M, = ’773132

v, =—(m, +my)11, (20,6, +67 )sin(6,) —mil L
(2(9192 +26,6, +20,6, + 62 +¢9'32)sin(02 +6,)-
myl,1 (26,6, +20,0,+6; )sin(6,)
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V, =(m,+my) 0] sin(6,)+mlL0] sin(6, +6,)
—myL,L, (20,6, +26,0,+ 6 )sin (6,

Vy =m LGF sin(6, +6,)+ m,b,1(6,+6,) sin(6))

G =mgl, cos(¢91)+ng[l2 cos(6, +6,)+1, cos(ﬁl)]+
myg| 1, cos(6,)+1,cos(6,+6,)+1,cos(6,+6,+6,) |

G, =mygl, cos(6, +6,) +mg| I, cos (6, +6,)
+1,cos(6,+6,+6,) |

G, =mygl, cos(6,+6, +6,)

Bang 2. Théng s6 md phdéng cho md hinh

Ki hiéu Y nghia Gia tri
l1 Khéi lvgng cta khép 1 1kg
) Khéi lugng cta khép 2 0.8 kg
I3 Khéi lwong cia khdp 3 0.5 kg
mi Chiéu dai cla khép 1 1m
m3 Chiéu dai ctia khép 2 0.8 m
ms Chiéu dai cda khdp 3 0.6 m
g Gia t6c trong truong 9.81 m¥s

Dwa trén phuong trinh déng lwc hoc (18) tién
hanh mé hinh hda va diéu khién robot ba bac tv
do trén MATLAB/Simulink dé kiém tra két qua
clabd diéukhién dwgc dé xuat.

3. THIETKE BO PIEUKHIEN
3.1. Diéu khién hoi ti€p tuyén tinh héa cho robot
T& phuong trinh(18) suy ra(19).

0=M"(u-v-G) (19)
batcacgiatri:
X, =0=y
{ b (20)
X, =0
UL (21)
x, =0

V@i x,, X, la ma trén cac bién trang thaiva y lama
tranngora.
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Goi e 1a ma tran tin hiéu 16i va y, la ma tran tin
hiéu dat cia mé hinh diéu khién, c6 dwoc phuong
trinh(22).

e=y,—-y=60,—-0 (22)
T phuongtrinh(22) suyra(23) va(24).

e=y,—y=6,—6 (23)

e=y,-y=0,-0 (24)
Thay phwongtrinh(19) vao(24), c6 dugc(25).

e=y,—f(x)—g(x)u (25)

Trong dé: f(x) = M™'(-V-G), g(x) =M™
Biéu thirc bd diéu khién hoi tiép tuyén tinh héa
c6dang nhu(26)[10], v&iula tin hiéu diéu khién
va v 13 biéu thirc cda bd diéu khién bam duoc
dinh nghta nhu (27), trong d6 k, va k, la nhirng

hang s6 duoc chon dwa trén phwong trinh déc
trweng chahéthdng.

u=g(x)™" (—f(x) +V) (26)
v=y,+(ke+ke) (27)
3.2.Kétqua mé phdng
Nham chirng minh hiéu qua cta bo diéu khién
duoc dé xuat tac gia ti€én hanh md phong vai
khau chap hanh dau cudi c6 quy dao hinh tron
(dugc trinh bay nhu hé phuong trinh (28) va
hinh Butterfly (dugc trinh bay nhuw hé phuwong

trinh(29)), bén canh d6 bé diédu khién con duoc
ki€ém chirng dwditac dong clianhiéu.

x:1+0.55in(2—7[t+£j
5 2

(28)
y :1+0.5c0s(2—7[t+£j
5 2

z=0

x=1+0.15sin(?) (e“’s(”— 2 cos(41) +sin5(éﬂ

cos(?) 5 t (29)
y=1+0.15cos(¢)|e“""’—2 cos(4t)+sin (E)

z=0
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Tién hanh kiém chirng dép &ng cla bd diéu
khién dugc dé xuat, tac gia khai bado céc thdng

$6 md hinh diéu khién nhwBang 2 va chon cac
giatrilak,=35vak,=625.

0.5}

o

Theta 1 [radian]
o
[$)]

= = = Actual signal

Reference signal | ]

0 5 10 15 20
Time [sec]
3t Reference signal - 1t (c) Reference signal ||
(b) = = = Actual signal = = = Actual signal

c25; B
S 505
o o
et 2 L e
N ™
© ©
- et O B
215} 2
[ (o

1 -0.5

0 5 10 15 20 0 5 10 15 20
Time [sec] Time [sec]

Hinh 2. Dap &ng ngd ra vi tri cta cac khap khi quy dao hinh tron

Déap rng vi tri cta cac khép khi quy dao tham
chiéu I3 hinh tron duogc trinh bay nhu Hinh 2.
Tir két qua trén, dé dang thay rang giai doan
dau dép &ngvitrichacdckhdp cdn motkhoang
thoigianngdndédichuyéntirvitriban daudén
vi tri tham chiéu, tuy nhién cé thé triét tiéu
khodng thoi gian trén bang cach cai dat lai vi tri
ban dau chacacbién khdp. Viécnay cd thé thuc
hién dé dangtrong quatrinh mé hinh héa robot
trén phan mém MATLAB/Simulink bang cach
dinh nghta théng s6 ban dau cha khdi tich phan
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(gidtrimacdinhbandaulio).

Dap ng clia khiu chap hanh dau cuéi va sai s
vitrichacackhdp khiquy daolahinhtron duoc
trinhnaynhu Hinh 3, Hinh4vaHinh 5.

K&t qua Hinh 3 cho thay giai doan dau khau
chap hanh dau cubi chua bam duwoc quy dao
tham chiéu. Tuy nhién, sai s& bam vi tri giira
khau dau cudi va tin hiéu tham chiéu gidm dan
theo thoi gian va quy dao khiu chdp hanh dau
cudihdituvé chatlwvgng badm cantdiuvu.
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14 |

y [m]

0.8 |

0.6 |

Reference signal .
= = = Actual signal

04 0.6 0.8 1 1.2 14 1.6
x [m]
Hinh 3. Bap &ng quy dao hinh tron cda khau chdp hanh dau cudi

04 F Error 1 -
Error 2
5 0.2 Error 3 -
S
o 0
2 02 .
L
04 - _
06 - .
_0.8 I 1 1 1
0 5 10 15 20
Time [sec]
Hinh 4. Sai s6 vi tri cia cac khdp khi quy dao hinh tron
x1074
Error 1
2 r Error2| |
= Error 3
c
8 1} |
©
o
S o f
L0
1+ 4
4 6 8 10 12 14 16
Time [sec]

Hinh 5. Sai s6 vj tri cha cac khdp duwoc phdng to khi quy dao hinh tron
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K&t qua Hinh 4 va Hinh 5 cho thay sai s6 vi tri cla
cac khép khi quy dao tham chiéu I3 hinh tron cé

gid tri khong dang ké khi co sy thay déi I6n vé gia
tri cCia cdc bién khép va sau d6 gn nhu hdi tu vé 0.

05F i i i
(a)
§
-_6 0
o
g
2os5} 1
=
Reference signal
= = =Actual signal
-1 !
0 5 10 15 20
Time [sec]
25 T T Yy 1 ]
(b) 1 A\ f\ (©) , A
AW A RV , f \
=20 Wt Aary WYRA —05tMN A v A fi g (]
= R TSN A VAR YA \ A ; c "‘ f Iy /1 !
o 1\ I\ I o ] (I I I
S \ 1 \ =] | A\ N T
E1.5|| V! I v 1] © l‘,‘,“,l'\ i " Aa |l
— ‘ | — L UV ‘ ‘ '
P |‘| ': l: SN A A R W AR IR AN \Vy !
s 1l | | i 8 I iy 1/
I'E | I'E \ g |
0.5 " l"_ 0.5 v \ i/
| Reference signal i Reference signal
= = = Actual signal ' 1 Actual signal
0 ! _ !
0 5 10 15 20 0 5 10 15 20
Time [sec] Time [sec]

Hinh 6. Dap &rng ngd ra vi tri cta cac khdp khi quy dao hinh Butterfly

Twong ty, d6i vai quy dao tham chiéu |a hinh
Butterfly ddp irngngdravitricliacackhdp duwoc
trinh bay nhu Hinh 6 cling nhv quy dao khau
chip hanh dau cuéithé hiénnhuw Hinh 7. Két qua
cho thdy giai doan dau khau chdp hanh dau cudi

y [m]

cla robot chua bam duoc quy dao tham chiéu
hinh Butterfly. Tuy nhién, sai s& bam vi tri giira
khau dau cubi va tin hiéu tham chi€u giam dan
theo thoi gian va quy dao khau chdp hanh dau
cuSihdituvé chatlwvongbam cantdiuvu.

1.8 T :
Reference signal
Actual signal
16 / o — ~ P -— - N T
> T
I (- —\\\\ S
14 b\ L SN 77 Y1)
\ SAN\ 777"
AR\ NN/ 1/
ANRY /, V4
12 N N2 P4 -
J nA 7
Q; Yo P
- W
Tr P N ]
P o 4 t \\\\
&
L V4 7 DN _
0.8 ; & N } \
\ -7 ~
— e
0.6 : : : : :
04 0.6 0.8 1 1.2 1.4 1.6
x [m]

Hinh 7. B4p &ng quy dao hinh Buterfly cha khau chdp hanh dau cudi
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Sai s0 vi tri cia cac khép khi quy dao la hinh v@i tin hiéu tham chiéu |a hinh tron, tuy nhién
Butterfly duoc trinh bay nhw Hinh 8 va Hinh 10.  bién déng d6é khong déng ké va sau dé sai s6
K&t qua cho thay sai s6 c6 sy bién déng honso  clingdanhdituvéo.

1.5 T T T
Error 1
1} Error 2 .
= Error 3
o
©
S 05F .
S
o 0
05F .
_1 1 1 L
0 5 10 15 20
Time [sec]
Hinh 8 . Sai s6 vi tri clia cac khédp khi quy dao hinh Butterfly
| {
(0]
R7]
2
P 0
=
=
2
0 5 10 15 20
Time [sec]
Hinh 9. Tin hiéu nhiéu trdng
-3
1 x10 . . .
Error 1
Error 2
05+t Error 3 | 1
s
3
g ]
N §
S
w0
051 .
-1 . . .
8 9 10 11 12
Time [sec]
Hinh 10 . Sai s8 vj tri cha cac khdp duwoc phdng to khi quy dao hinh Butterfly
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Dé kiém tra s 6n dinh va bén virtng clia bd
diéu khién dudi tdc déng cla nhiéu, tac gia
d3 gid st dung hé théng chiu tac déng bdi
nhiéu trang cé bién dd dao déng duoc trinh
baynhwHinh9vasaisdvitrichacdckhdpcod

daoddngnhuwHinh11.Kétquaclingchothay
vitrikhduchaphanhdaucubivinbdamtdtso
véitinhiéuthamchiéu (twongtunhuHinh7)
va héitu vé chdt lwgng bam can téi wu theo
thoigian.

-3
5 x10 . . -
Error 1
Error 2
Error 3
=)
.
©
o
5 0 | U
w
_5 1 1 1
8 9 10 11 12
Time [sec]
Hinh 11. Sai s8 vi tri ciia cdc khdp khi cé nhiéu tac dong
4.KETLUAN théng s6 chat lwgng hé thdng nhu: thoi gian xac

Trong bai bao nay, tac giad da dé xuat mét giai
phap dé diéu khién md hinh dong lyc hoc robot
dwa trén phuong trinh todn hoc cu thé |a mé
hinh robot cé ba bac ty do, s dung bd diéu
khién hoitiép tuyéntinh hoa.

Cac két qua moé phdéng duwa trén phan mém
MATLAB/Simulink cho thdy dap tng thyc té
bam tin hiéu dat rat tot vdi tin hiéu dat, cé cac

l4p 13 0.25(s), khdng dao ddng va sai sé xac 1ap bi
triét tiéu. Song, hiéu qua cla bd diéu khién
dugc dé xuat con duoc kiém chirng khi diéu
khién vitricdckhdp ciia md hinh robot ba bacty
dobamtheotin hiéudattrudcduwdisytdcdong
ctanhiéu.

Huwdng nghién clru tiép theo 1a dp dung bd diéu
khién thong minh vao mé hinh robot ba bac ty do.
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Study on modeling control of robot with three degrees

of freedom using linear feedback
Huynh Minh Vu

ABSTRACT

This study presents the application of feedback linearization for 3-dof manipulator systems. Robot
manipulator is a multi-input multi-output system with high complex nonlinear dynamics, requiring an
advanced controller in order to track a specific trajectory. Forward and inverse kinematics are presented
based on Denavit Hartenberg notation to convert the end effector planned path from cartesian space to
joint space and vice versa. The simulation results show that proposed control is stable and robust in
several conditions of noise affection and the position response of each joint has a settling time about
0.25(s), without fluctuation and steady-state error.

Keywords: robot manipulator, Denavit-Hartenberg (DH), nonlinear system control, systems modeling,
feedback linearization
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