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TOM TAT

Cdc logi robot hién nay dang dwoc nhiéu ngwoi quan tém nghién civu va phdt trién. Robot
ngay cang thong minh, dam nhdn thay thé nhitng cong viéc ma con ngueoi khéng thé thiee hién nhue:
lam viéc trong moi truong co tia phong xq, giai cieu con nguoi trong hoa hoan, thu thdp cdc thong
s6 ciia méi trwong & nhitng noi khdc nghiét... Viéc thiét ké dwoc bg diéu khién phi hop ddp iing
dwroc yéu cau cao vé toc dp diéu khién va dg chinh xdc diéu khién déng vai tré quan trong. Noi dung
ciia nghién citu nay tdp trung vao viéc xdy dung bé diéu khién 1y 1é-vi phdan (PD) cho hé phi tuyén
va nhiéu bién. M6 hinh Robot céng nghiép véi 2 khép quay (RR) dwoe sit dung nhwe mét co hé phi

tuyén va nhiéu bién dé thuc hién viéc thiét ké bg diéu khién PD t(fng quat.
T khéa: Piéu khién Robot; Hé phi tuyén; Hé nhiéu bién; Matlab Simulink.
ABSTRACT

Robots are the focus of extensive research and development. Robots are becoming increasingly
intelligent, enabling them to perform tasks that humans cannot, for example, operating in radioactive
environments, rescuing people from fires, and collecting environmental data in extreme conditions.
Achieving these capabilities hinges on controllers that can deliver both high speed response and
high positional accuracy. This study therefore develops a proportional-derivative (PD) control
scheme for nonlinear, multivariable systems. As a representative case, an industrial robot with
two rotary (RR) joints is modeled and used to demonstrate the design and implementation of the
proposed PD controller.
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ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
LN TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

1. TONG QUAN

Trong nhimg nim gan déy, cing véi su
phat trién ctia cong nghé va cac hé théng may
moc hién dai, cac robot dang khong ngirng phat
trién vé sb lugng ciing nhu kha nang cta ching.
Robot ngay cang thong minh, ddm nhan thay
thé nhitng cong viéc ma con ngudi khong thé
thyc hi€n nhu: 1am vi¢c trong moi trudng co tia
phoéng xa, giai ctru con nguoi trong hoa hoan,
thu thap cac thong sd ctia méi trudng & nhiing
noi khac nghiét.... Cac loai robot ngay cang
linh hoat hon do chung duoc diéu khién boi bo
xir Iy trung tim duogc tich hop thém céac bo dicu
khién thong minh.

Viéc nghién ctru, tim hiéu chuyén sau
vé robot va phuong phap diéu khién robot doi
hoi nguoi nghién ctru ¢6 nhimg kién thirc sau
vé linh vyuc co khi, dién tir, cong nghé thong
tin. Nam 2015, Hoang Xuan Vinh [1] da mo
phong va thuc nghiém diéu khién robot song
song Hexapod 6 bac tu do véi cac giai thuat
diéu khién PID, diéu khién mo tryc tiép (Direct
Fuzzy - PD), diéu khién tu chinh dinh Fuzzy —
PID cho timg khau dan dong. Nam 2021, Tran
Xuan Tinh va dong nghiép da thuc hién viéc
xay dyng bo diéu khién téc do cho hé nhidu
dong co bang phuong phap diéu khién cubn
chiéu. Cac tic gia da xdy dung md hinh co
hé, tim luat diéu khién, xdy dung mé hinh mo
phong, kiém nghiém bang phin mém Matlab/
Simulink [2]. Nam 2022, Pham Dinh Ba va
Phan Vin Duong da thiét ké bo diéu khién PID
dé giai quyét bai toan bam quy dao cta robot
di dong véi 3 banh xe da hudng. Bo diéu khién
da duoc danh gia thong qua viéc str dung phan
mém Matlab/Simulink [3].

Tuy nhién, viéc tap trung xay dung
bd di€u khién cho hé phi tuyén va nhic¢u bién
chua dugc nhi€u nghién ctru dé cap dén. Trong

nghién ciru nay, bo diéu khién PD cho hé phi
tuyén va nhiéu bién da duoc thiét ké va ung
dung cho mé hinh Robot cong nghiép voi 2
khép quay (RR). Céc hé sd K., K,, K  vaK_
duogc xéc dinh thong qua viéc st dung Simulink
Design Optimization Toolbox cua phan mém
Matlab v6i muc tiéu sai sé nho nhét, thoi gian
qua d6 ngin nhat. Véi bo diéu khién PD da
thiét ké, cac gia tri goc cua 2 khop s€ tiém cén
quy dao chuyén dong cho trudc véi sai s6 nho.

2. PHUONG TRINH PONG LUC HOQC
CUA ROBOT CONG NGHIEP

Trong thyc té, phuong trinh dong luc
hoc ctia Robot cong nghi¢p thuong la cac
phuong trinh phtic tap, phi tuyén va nhiéu bién.
Trong nghién ctru nay, bai toan diéu khién
Robot cong nghiép dugc xem xét véi mo hinh
diéu khién phi tuyén va nhiéu bién. Phuong
trinh dong luc hoc tong quat ciia Robot cong
nghiép co6 thé duogc thiét 1ap nhu sau:

D Jyi,+).Cg,+G +F,+F, =F
= = (1)

S0, +(Bmi +K,K,, /Ri)émi = (Kmi /Ri)Vi —-F
Sau mét s phép bién doi véichu y 0
=r(q,, ta dua phuong trinh (1) v€ dang sau:

M(q)g+C(q.4)q+Bq+G(q) + F () + F,, =u(2)
Trong do:

M(q) =J(q) +J_v6iJ 1a ma tran duong
chéo véi cac phan tir 2]

B 12 ma tran dudng chéo véi cac phan
B _+K K /R; ‘

u la vector tin hi€u vao vai cac phan tir

1

rK . 1, A
u = % V. ¢6 thir nguyén ciia moment.

i
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3. LY THUYET XAY DUNG BQ DIEU
KHIEN PD CHO ROBOT CONG NGHIEP

Bo diéu khién PD dé diéu khién vi tri
duoc thiét 1ap dé diéu khién cho Robot cong
nghiép trong truong hop tong quat véi luat didu
khién nhu sau:

u=K,G-Kp 3)

Trong d6, §=q“—gla vector sai sd
giita chuyén vi mong muén q¢va chuyén vi thuc
cua khop q. K, K| fuong tmg 1a ma tran duong
chéo cua cac hé so ti 1€ va vi phan. D& danh
gi4 sai sb trong trang thai xac 1ap ciia bo didu
khién, ta sir dung tiéu chuan danh gia Lyapunov
nhu sau:

V=2 M@+ K, @)
2 2

Nhom thir nhit trong phuong trinh (4)
la dong nang cua Robot cong nghi€p va nhom
thi hai dai dién cho thanh phan phan hi hiru ti
K,q . Trong phuong trinh (4), V chinh la téng
dong nang ciia co hé & vi tri can bang q¢ ma khi
thay cac co céu chdp hanh cta cac khép bang
cac 10 xo v6i d9 clmg bicu dién béi ma tran K.
Khi do, V 1a mdt ham khong am va V=0 khi q
=q'va ¢=0.Diéunay chimg to rang voi mot
vi trf xac dinh nao d6 cho trudce thi V sé& tién toi
0 hay no6i cach khéc la Robot cong nghié€p co
thé chuyén dong toi mot vi tri bat ky cho trude.
bé chtirng minh cho diéu nay, ta dao ham hai vé
cua phuong trinh (4) theo thoi gian, voi chu y
J vaq'la hang sb, ta co:

S N B . -
V=¢"M(q)q +5qTJ (@9)q—-4"Kpq (5)

Trudce hét, dé don gian bai toan, ching
ta gia thiet B=0,G(q) =0, F,(¢)=0,vaF_=
0 trong phuong trinh (2). Tu do, ta co:

M(q)g =u—-C(q,9)q (6)

Tur phuong trinh (5) va (6), ta co:

V=g’ [u—C<q,q)q]+%qfi(q>q—q‘fl<pq
)
— " [u-K,d]+ 53 [J@)-2C(0.9)]d

Hoan toan c6 thé chung minh duoc
q"[ J(9)-2C(g.4) |¢ =0 nén, ta co:

V=4 [u-K,q] @®)

Thé luat diéu khién trong phuong trinh
(3) vao phuong trinh (8), ta c6:

V=-4"K,4<0 ©)

Viéc phan tich ¢ trén chimg t6 rang V
luén giam khi ¢#0 va Robot cong nghiép
s€ tiép can t&1 mot vi tri can béng nao do khi
V=0—¢=0 khi d6 §=0. Tir phwong trinh
chuyén dong két hop véi diéu khién PD, ta cé:

M(9)j+C(q.9)g=-Kpq-Kpg—-K,g=0(10)

Phuong trinh (10) ham ¥ rang khi ¢ =0
thi ¢ =0 hay q = q°. Theo dinh ly LaSalle thi
su can bang nay 1a 6n dinh tiém can.

4. XAY DUNG BQ PIEU KHIEN PD CHO
ROBOT CONG NGHIEP RR

Trong nghién ctru ndy, mo hinh Robot
cong nghiép voi 2 khop quay (RR) duoc st
dung nhu mot co hé phi tuyén va nhiéu bién dé
thue hién viéc thiét ké bo diéu khién PD tong
quat. M6 hinh Robot cong nghi¢p RR (Robot
RR) dugc mo ta nhu trén Hinh 1 véi cac thong
) k¥ thuat duoc lya chon nhu trong Bang 1.
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Hinh 1. Robot cong nghiép RR

Bdng 1. Théng s kj thudt ciia mé hinh Robot
cong nghiép RR

Khéi luong cac khau:

m, =m, = lkg

Chleu da1 cac khau:

I =1,=1m

Dlen tré phan ung dong

co:R=1Q

Moment quén tinh phan

ung:J = lkgm

Dlen ap phan ung:
=10V

Hé s6 suc phan dién
d(f)ng’: K, = 1Vs/rad
H¢ s6 moment:
K = INm/A
T1 s6 truyén tir dong co
dén cac khop:
r=100
Hé sb can cua co ciu
dan dong:
B, = INms/rad
Gla tc trong trudng:
= 10m/s?

Hé phuong trinh vi phan chuyén dong

cho Robot RR dugc thiét lap nhu sau:

m I} +m,l
3

2 2

ot mzll2 + mZI]llchqu +[Wl§l

+

m,l1c
%)q —myhl,5¢,4,4,

myll,sq, . m m
_ng_(4+mzj]]gcql_72 2g6(q,+q2)=ﬂﬂ (11)

mly  mlleq, ). ml; .
22421270 |Gy +
[ 3 ) q, 3 9, 2

Hé phuong trinh 11 ¢6 thé duoc mé ta

mbhlsq, . mzl

4 _7 zgc(‘h ‘HIZ): F,

theo dang phuong trinh (2) nhu sau:

M(q)g+C(q.9)q+Bg+G(g)+F, () +F,

—u(12)

Trong do:
304+cq 1+1cq 50,4 lsqq
3 2 g ) 2 ) 422 75 242
M(g)= ;C(q,9) =
(@)= 11 301 (4.9 [ .
373 cq, 3 2 9%

120 15¢q, - 50(q1+q2) ) 0] |0
B_L) 2}(;( [ ~5c(q,+4,) }F (q)_{o}’ﬂv_{o}

0 K, Qz_q; 0 K, ]9

Dé thuan loi hon cho viéc xay dung mo
hinh bang Matlab Simulink, phuong trinh (12)
duoc bién d6i vé dang sau:

i=M"(q)[u-Clq.9)i~B4-G(q) - F,(§)~F, | =M (qu+Fn(13)

Gia thiét, thiét ké bo diéu khién PD
dé diéu khién Robot t6i vi tri q, = 0.5rad, q, =
0.3rad. So d0 khoi bo diéu khién PD cho Robot
RR dugc xdy dung trén phin mém Matlab
Simulink dugc mé ta nhu Hinh 2. Cac hé sd K

P1°
K,,, K va K, cua bo diéu khién PD cho hé

phi tuyen va ha1 bién duoc xac dinh théng qua
viéc st dung Simulink Design Optimization
Toolbox ciia phan mém Matlab v6i myc tiéu
sai s6 nho nhat, thoi gian qua do ngén nhat. Cac
hé¢ s6 t6i uu duoc x4c dinh nhu sau: K,
5 =200 vaK

=500,

K,,= 500, K = 200.

Hinh 2. So d6 khoi bé diéu khién PD cho Robot RR

Pap ung bude cia bo diéu khién PD
cho Robot RR dugc md ta chi tiét nhu Hinh
3. Trén Hinh 3 (a), duong nét lién thé hién gia
tri didu khién thuc té ctia goc khop 1 Va dudng
chdm gach thé hién gia tri mong mubn. Trén
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Hinh 3 (b), duong nét dut thé hién gia tri diéu
khién thuc té cua goc khop 1 Va duong cham
gach thé hién gia tri mong mudn. Két qua mo
phong dap tmg bude cta 2 khép cho thiy, thoi
gian vot 16 (Peak time) xay ra khoang 1 gidy,
d6 vot 16 (Overshoot) 1én toi khoang 33+36%
sau d6 dao dong nhe, gidm dan va 6n dinh sau
khoang 4 gidy. V&i bo diéu khién PD, céac gia
tri goc cia 2 khép sé tiém cén quy dao chuyén
dong cho trude véi sai s6 nho.

08

Magnitude]rad)
o
>

Time{s]

a) Pap ung budc cua khop 1

- e e e e wm e w e

Magniude{rad]
=]
L]
o

b) Bap vmg buoc cua khop 2
Hinh 3. Bdp ung budc cua bo diéu khién PD cho
Robot RR

4. KET LUAN

Noi dung cua nghién cuu da xay dung
dugc bo didu khién PD cho hé phi tuyén va
nhiéu bién. M6 hinh Robot cong nghiép véi 2
khép quay (RR) dugc st dung nhu mot co hé
phi tuyén va nhiéu bién dé thuc hién viéc thiét
ké b diéu khién PD tong quat. Céc hé s6 K,
K., K, va K  cuabd diéu khién PD cho hé
phi tuyen va hai bién duoc xac dinh thong qua
viéc str dung Simulink Design Optimization
Toolbox ctia phan mém Matlab véi muc tiéu
sai s6 nho nhét, thoi gian qua d6 ngén nhét. Vi
bd didu khién PD di thiét ké, cac gia tri goc cua
2 khép s& tiém can quy dao chuyén dong cho
trude voi sai s6 nho. <
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