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Diéu khién cénh tay robot hai bac tu do qua mang
dua trén phuong phép du dodn Smith nang cao

BTS. DANG XUAN KIEN; KS. NGUYEN MANH LA
Trweng Pas hee Gigo théng van tdi T HG Chi Minh

TOM TAT: Bar bao nghién cuu thiét ké mé hinh
@éu khién canh tay may ha: bic 1v do qua mang
dua vao phuang phap du doan Smith nang cag
Tré diéu khidn gay ra bon tinh chdt mang va dap
ling #ré ci co edu ch&p hanh, dan 16 tin hidu didu
khi#n canh 1ay rebot by cham, e3t kho dat duoe d6
8n dinh khi diéu khidn qus mang Phuang phip du
doan Smith ndng cao giip dyv dosn tuong déi fin
hidu 1ré ctia 1oan hé théng lam Tang kha nang thich
nghi vér dnh hudng cla thén gian 1ré, giap tay may
d#p Ung chinh xac

TU KHOA: Dy dodn Smith, cénh tay may, diéu
khién qua mang

ABSTRACT. In this paper, our study 15 based an
advanced Srmith predictor to design the networked
control system of two Lnks Flexble robot arm
Contrelied fime-delays depend on the delays of
network and the delays of actuator responses, so i
15 difficult to obtain the stable and accurate control
The advanced Smuth predictor 15 an adaptve
predict method, the systern 1s capable of adaphing
ta the effects of ime delay to 1n getting a better of
accuracy of networked conlrol system

KEYWORDS: Srmith predictor, two-link flexible
robot arm, netwarked control system

1, DAT VAN BE

Hién nay, cac cong trinh nghién ¢iu vé robot rit
da dang dem lan nhiéu ting dung cu thé trong dor séng,
trong cong ngép va quan su. Viee didu khién robot
Quz mang da duac nhiéy nha nghién <y quan tam &
1t nhiéu khia canh, Trong pham wi cba bai bao, cic tic
914 dé cap tor vigc diéu khuén bu thich nghi thar gian tré
trong diéu khién canh tay may hai bac tu do qua mang.
Nhigu nha thiét ke da dua mé hinh hé thng digu khién
nang cao ¢4 kém theo bo du béo Smith tao ra tir nhan
dang neuron, bang cach do thi da thot gian t7& ca lon
hon nhigu hé théng van gilr duoc n dinh

D61 tugng md phong trong bai bao 1a mot he théng
canh tay may ha bac tu do 1] Viec nhan dang &6 var
cac doi tuong thuc té thong qua mang neuron d3 dugc
nghién cuu [2-4] va da ap dung thanh cong. Mang neuron
tang duac sd dung dé thigt lap déi tuong gié 13p trong ba
du bao Smuth (5-6], két qua cho thay hé thang dap ing

t6t. V& ky thuat didu khién, cac 91d1 thust diéu khién canh
tay may hai bac d3 duoc thd nghi&m thanh cong nhu PID,
didu khidn ma, diéu kbién thich nght va diéu khién truot,
nhung khi sif dung cic gidr thuat nay dé ap dung digu
khién cac 461 tugng phic tap thi ehua duoc kiém chiing
Kkha nang va dip dng ca chdng. Bai bdo trinh bay tap
trung viéc diéu khién canh tay may hai bac ta dér tuong
diéu khidn nhigu vao - nhigu ra (MIMO) dién hink théng
qua mang diéu kinén, lua chon bd diéu khién PID nham
don gidn hoa vidc thiét ké va didy chinh thong sd,

2. CANH TAY HAI BAC TUDO

Canh tay mdy hai bac tuda 98m hai khép (link) link
T valink 2 duoc diéu khién dé & diing vi trixac dinh trong
mat phdng khang gran, mé t trén Hink 2. 7:

Hinh 2.1. Canh tay miy hal bs¢ trdo

Phuong trinh todn hoc ca ban nhy sau
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H& canh tay may xét O day la hé MIMO haivao hai ra
duoc md ta nhu trong tar ligu [1]

3. XAY DUNG MO HINH SMITH-PREDICTOR

Hioh 2.1. i tric he thing dua trén md hinh durbid Smth

Cdu truc ciia mang dhéu khidn xay dung dua trén
mé hinh du bao Smuth (5] the tien trong Hinh 3.1 Trong
dé: Cis} - Bb diéu khién PID, mang gl va nhan dif liéy
Networkvoie 13 khodng than gian tr& khy dihéu truyér\
trba digu khidn tar g wong; e’ * - Khodng tha gian
tré khi dit héu truyén tit cdm bidn phan hés nguac t&i b
digu khién qua Network, Ba: tuang diéu khién duoc xem
xétda ddi twang <6 tré Gy = Gul)e ™ vére ™ gic trung
cho mé hinh thor gian té coa ca cdu chap hanh tay may.
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M@ hinh dy bdo Smith dugc dua thém vac vong Iap kin
cia mang G_(s3=G _(s)e =, trang do* G_(s) ™ -
Bac trung cho mé hinh du bao cuia dG: tuong canh tay
Gis). Nby vay, chiing ta ¢ thé phan tich md hinh NCS
treng Hinh 3 1 vai gia thiét khong cé nhidu tac dang vao
hé théng tuong iingd =0 ta cé:

3 =G40 ns) (W}

Bén canh d6, ta c6 thé dé dang suy luan ra duoc tis
ma hinh tinh todn nhu sau.

{p = Cpmlole) @

= Gpmlade T u(sy 3

V=i o =G, =G ) (@)

Tin hidu phan hdi cd thé duoc tinh todn b cdng
thie sau i

bt = 3 = G ) (G0 T <G e ) (s,

Tl (2), (3}, (4) va (5), him truyén coa NCS - duge
VIét lai nhi trong <éng thuc (6) nhu sau: e

S
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Gia thmé mo hinh dy dodn dude xac dink chinh Xac,
déng nghia vdi ta 6 7, =7, v G, =G,,. Tiép thec,
ching ta dat duoe (7) bing cach trigt tidu cac thanh
phén tvong dusng nhau trong (6).
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Cong thuc (7) chira réing, mé hinb diéu khién khién
mdi dua trén md hinh du bao Smith cb thé trét tiéu hoan
toén thoi gian tr& clia mang cang nhu thai gian tré cla
déi tuong. Khé khin 13 viée 1am the nao xac dinh duoc
thall gian tré 7p =, va G, =0, Bai bdo lva chon gidi
phap sir dung mang than kinh nhan tao & rhén dang
dé1tugng G, = G,,, voi thei qian tré 91 lap duoc dé xudt
trong phin tiép theo,

4. UNG DUNG MANG NEURON TRONG NHAN
DANG D3I TUONG THUC TE

D¢ nhan dang ha théng Gong dung mang truyén
thdng nhiéu i6p (ulty Layer Perceptron-MLP) [3), bo du
béo ¢6 so dé khéi nhy trinh bay & Hinh 4.7, trong dé cic
€ bao&16p &n vé ham tac dong i ham Sigmoid, mot t&
b0 &16p ra v ham tac d6ng tuyén tinh Chan thai gian
lay mau 12 0.15. Cho ha théng chay hun luyén mang
trong té1 da 5.000s vé1 cic tin hidu vaa ngau nhién: Tau1,
tau2, tetai_dot_ins, tetal_dof, teta2_jnst, teta2_dot_init

Hinh 4 1. M3 hinh xgy dung khdi neuron

S0 85 khéi neuron vao-ra mo 15 trén Hinh 4 2 nhy
sau: Tl tin hidu ngd vao ui(k) vi U2(k} nh trén, ta tign
hanb thu thap cac tin ey va st dung phuong phap
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nhan dang fan truyén nguge a€ nhan dang y1(k-1), y1 (k-
2}, y1(k-3), y2(k-1), y2(k-2), y2(k-3] nhu sau;
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Hinft 4.2: 5¢.d8 vé0 12 c63 mang neuron

Két qua nhan dang va dap tng thuc t& thé hien trén
Hinh 4.4 cho thdy, he thdng nhén dang bam sat véi dg)
tuang thye, tuy vn con sai sé nhung chap nhan duok,

A - LRV . 45
Hinh 4.4: So sdnk gitra th iéu thire 1€ ngb ra hé thang
va Mang nevron thy Guor

5.M0 PHONG

3.1. Cai dit thong s§

* Thong s8 bd diéu khién PID duge khao st béng
PIDtool trén Matlab:

-Kp1=974,79;Ki1= 91,83; Kd1= 81,38,

- Kp2=54521; Ki2= 70,69; Kd2 = 83,99

*Théng 58 mé hinl

- Imin=67,4901; J1=5; 4

-m1=1; m2=1; m3=0.1; ;12=1c1=0,4;
9=9.81; tetal nit=pi/2; tetal_dot_nit=0; teta2_init=0;
teta2 dot nit=0; defta_t=0,01.

* Chon gia try khéi tac ban dau;

Tetal ¢6 gié tri datta pi/2 (rad) tdc 2,1 (rad); teta2 c6
gid tri dat Ja pi/9 (rad) tic 0,32 frad).

5.2. M6 phéng qué trinh diéu khidn trong 2
truimg hop
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Hinh 5.1: Sa 33 hé thing diéu khidn

Su d diéu khién Hinh 5.7 xay dung trén Matiab
Simulink, két qua md phéng v 2 trudng hap nhan dang
cotré (Hinh 5.2} va khéng c6 tré (Hinh 5.3).

Coedom &7
Hink 5.2: Teta] khi nhén dang c6 1r&

1
i ]
] ]

e

Hinh 5.3: Tetal khi nirén dang khong i

s
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Nhdn xét: Truting hop nhan dang canh tay khong ¢o
tré, khi mé phang thuc he théng mét n dinh. Truang hop
bé nhan dang na ron véi cinh tay diu khidn 6 tré, mo
hinh Smith luc nay phat huy tac dung v ddp ung dau ra
dat duoc su Sn dinh. Két qua tuong tuvér go¢ Teta2,

6.KET LUAN

Tl cdc két qud md phong cho thiy, csu tric disy
khién Smith (g dung bs nhan dang neuron cho dap
Uing t6t. Tuy nhién, thn gian tré van con phai duoc gi3
1&p bén trang 1ap trinh, thén gian tré do tinh chat mang
thay déi khang dinh truée vin chia cé bign phép khic
phuc duoc hoan toan. Viéc xdy ding mé hinh thuc
nghigm da kiém ching nhing Iy thuyét néu trén Vi sé
duoc trinh bay & nhing bai bao tiép thea
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