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MOT PHUGNG PHAP TONG HOP HE PIEU KHIEN THICH NGHI BEN
VOUNG DUA TREN THUAT TOAN SLIDING MODE CHO ROBOT CO KE
DEN TAC PONG CUA NGOAI LUC VA NHIEU BEN NGOAT
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TOM TAT
Bii bo dé xuit mot ph\mng phép ting hop hé didu khién thich nghi bén vimg cho Robot cé ké dén téc
dong ctia ngoai luc va nhigu bén ngodi. Tmng do, ngoal Iyc va nhi€u bén ngoai c6 thé c6 nhing d6t bién
v khéng do dugc. Néi dung bai bao di gidi thigu va de cap dén viéc danh gid nhifu va ngoat lyc trén co

s bu trir anh hudng cia cac é

t6 ndy, tir 46 d& xuft thudt toan didu khién trugt cho dbi tugng Robot,

dam bao tinh bén virng véi nhitu va ap dung biing minh hoa cu thé thong qua ddi tugng cénh tay Rabot
€6 2 bic tw do dé khing dinh tinh ding dan cira thudt toan.

Tir Khod: D1éu khién thich nghi bén vimg, Robot, nhidu, ninéu ngoai luc 36t bién, diéu khién truot

1. MODAU

Véi hy vong cdc hé Robot déin thay thé con
ngudi trong cdc hoat ddng tay chén, vi thé
viée tdp trung nghién ciru cac phuong phdp
diéu khién nhdm nang cao chat lugng cia
Robot tudn duge quan tdm mdi ngiy. Robot
néi chung va Robot cong ngh1ep néi riéng du
1 nhimg hé théng phi tuyén c6 chira cic tham
s6 bdt dinh, chiju anh hudng cta nhifu va
ngoai lye tir tai va méi trudng bén ngoai. Viée
sit dung cac b didu khién kinh dién, nhu PID
ién cac dbi trong phirc tap nhu trén
gap rét nhidu khé khan, thim chi khong thé
mang lai ket qui mong dm [1,11]. Trong khi
6, thuc té yéu cdu vé chit lugng didu khién
Robot ngdy cang doi héi cao hon. Chinh vi
viy, vige xdy dung céc thudt todn didu khién
théng minh cho Robot, dam bao d¢ chinh xédc
cao, bén vimg v6i nhidu thye sy 1 clp thidt,
thu hit cdc chuyén gia didu khién [3- 10].
Cac thut toan didu khién thich nghi dugc dé
xudt dé didu khién Robot tuy 6 thé ning cao
chit luong, b trir duoc phan néo anh hudng
sur bién thién cua céc thdng s6 dong hoc, song
thutmg chiu ganh nang vé khoi luong tinh
todn, can tr& viéc thuc hién ching & ché do
thoi gian thuc (8, 9]. C6 kha nhidu thuat ton
diéu khlen théng minh danh cho Robot duoc
& xudt trén co s& sir dung Logic md [5, 11].
Chit luong cia hé théng diéu khién thuc thi
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céc thujt toan didu khién niy con phy thube
vio mire d6 hop 1y cta viée lwa chon lujt dicu
khién mé va cdc ham lién thuge, ddng thisi b
giam st khi ¢6 céc nhiéu bén ngoal tac dong
1én Robot. Ché dé trwot vai céc tinh nang
vuot trdi [2,10] dugce dp dung d& téng hop cic
hé didu khién truot [3,6,7] cho Robot. Cac hé
nay tuy c tinh bit bién déi voi su thay ddi
tham so dgng hoc cia Robot, ¢ tinh khing
nhidu tot song con ¢d nhuge diém do hién
twong rung (chattering) gy ra. Dleu khién
trugt — PID cho Robot duge d& xudt trong cée
cong trinh [6,7). Ludt PID & ddy dwoc dp
dung chi dé hinh thanh mit trugt va khong
tryc tiép tao ra tin hiéu diéu khién. Vi vy, tuy
duge goi 1a didu khién trugt — PID, nhimg
khéng 6 s két hop r5 nét uu diém cua ludt
didu khién PID véi didu khidn trugt. Bo dleu
khién mang Noron — Trugt — PID d& xuét
trong [7] con c6 nhuge diém 13 tbc dd hidu
chinh cic trong sb cia mang No ron phu
thude vao ham S, trong Iic ham nay thay adi
v6i thn 6 cao xung quanh mit trupt § =0, din
dén qui trinh hoc clia mang chim hm .

Cé the thiy rang, cho dén nay vén chua giai
quyét duoc thoa ding vén dé dam bao chét
lugng cao cho céc hé didu khién Robot véi
dong hqc phl'xc tap, tham sé thay dbi trong
pham vi ring, chiu téc dong ciia ngoai lyc va
nhigu tir bén ngoai, dic biét 1 trudng hop cdc
tac dong nhifu tr bén ngodi cé céc dot bidn
va khéng do dugc. Dudi day d& xuit phuong
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phép téng hop hé didu khién thich nghi bén

vimg cho Robot trén co s& sit dung truot,

nhan dang va bl nhiéu.

2. PAT VAN PE

Dong hoc ciia Robot véi n — khép duge mé ta

béng phuong trinh Lagrange — Euler [1].

M(@§+Clg. ) +G@+F@+r, =7 1)

Trong 86 M(q)< R™" 12 ma trén quén tinh co

céc vecto g,g,§ € R” 14 vi tri the do va gia

the clia céc khop trong tng; C(g,4) € R™ 12

ma trén Coriolis va luc ly tim; G(g)€R" 12

vecto lye trong trudng; F(g)€R” 1 vecto

biéu dién dong hoc ma sit; 1, ¢ R"1A vecto
ngoai lyc va nhidu tir bén ngodi (external
disturbances); re R" 13 vecto mém?n cép cho

Robot. Déng chil y 13 1,14 him bét dinh, cé

thé 13 ham khéng tron vd c6 kha ning [

nhimg dot bién. Didu nay lam cho bai todn
téog hop hé thing didu khién chit luong cao
cho di tugng (1) cang phirc tap thém. Van dé
dat ra 13 phai tdng hop hé diéu khién cho

Robot (1), ddm bao bam sat theo quj dao

mong mubn, ¢6 tinh thich nghi, khang nhiéu

10t.

3. TONG HQP BO PIEU KHIEN THICH
NGHI KHANG NHIEU TREN CO SG
PANH GIA NHIEU VA SU DUNG
PIEU KHIEN TRUQT

Dong hoc cla Robot theo (1) la dong hoc phi

tuyén v6i nhiu yéu t6 bat dinh. Céc thanh

phin bt dinh cin dugc quan tdm hing dau 1a
7,va F(g). Déy 12 hai thanh phdn khéng do
duge. Tinh b'ét dinh va tinh khéng tron véi
kha ning xuat hié gét nglt cla cic thanh
phin ngoai lye va nhidu bén ngoai 7, gdy 4nh

huéng rét 16n 1én hé théng. D tign cho vide
theo doi, ta goi tdng ctia céc thanh phin bét
dinh d6 12 nhiu (disturbances) T, v

T, =F(§)+7,T,cR" @)
Khi d6 phuong trinh (1) duge viét lai dudi
dang: ’
M(@)§+Cg.94+G@+T, =1 (©)
DE dam bao chét lwong cao cho hé théng didu
khién ddi tugng (3), voi nhitng tinh phic tap
cla T, nhu 42 néu & phén trén, chung ta sé&
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st dung didu khién truot. Didu khien trugt €O
nhimg tu diém ndi tréi nhu: bét bién doi véi
s thay ddi clia cdc tham sé ddng hoc cua d":
tugng, bét bién déi véi nhidu téc dong 1én he
théng [2,10]. Tuy nhién néu khong cd thém
céc gidi phap nhdn dang — danh gid va bl trr
nhidu thi doi héi thanh phén didu khien Relay
trong ludt diéu khidn truot cd bién do lon (v6i
45 16n tuong tmg véi cudmg do nhiéu), dan
dén hién tugng rung, Do rung cang lén khi
bién dd cia thanh phin Relay cing 16n. Neu
giam bién dd cla thanh pl!;‘m nay thi anh
huéng cua nhifu tang 1én, dbng théi kéo dai
thdi gian dé hé théng chuyén dong tir trang
théi ban ddu vé dén mat truot. DO [a nhimg
nhuoe didm va 1a diu khdng mong doi.
Nhim khéc phuc cic nhuoc diém néu trén,
dudi ddy d& xuét phuong phap dénh gia nhiéu
va luat didu khién truot méi, trong dé sir dung
két qua dénh gia nhifu va thanh phan b sung,
nhi vy cho phép giam bién d6 cia thinh
phan Relay trong hudt didu khién truot ma h§
théng van chuyén déng nhanh vé& mat truot.

Danh gi4 nhifu tic dong 1én hé thing

Trén H.1 12 s0 4b céu tricc ciia khéi dénh gid
nhiéu tac ddng 1&n Robot.

H.1 So db chu tric khéi danh gid nhifu
~ (BGN)

Khéi danh gia nhiéu (PGN) duoc xdy dung

trén co s& ctia khéi mé hinh (MH) va khéi xt

1y (XL). Béng hoc cia mé hinh duge md ta

bang phuong trinh:

M_(9)§+C. (09§ +G.(a)=T @

Trong d6:

M (9=M(g), C.(@=Ca) G.(9)=GCa)

Tir cac phuong trinh (3) va (4) ta thu drgc:

-M(g)i-Clgi=T,; T,er

V6i g=g-g,; T,!anhidu dénh gid cia T,

Nhu vdy, gid trj dénb gia nhidu T, dwoc xdc

dinh trén co s& cdc tin higu sai 1éch gitra trang

thdi clia Robot véi trang thdi cda mé hinh



g

g iy
iy

mm

3 hi

Ding Nggc Trung

&4&. Khdi XL (5) thyc hign viée bién dov
céc tin higu d6 theo thuat toan xit ly (5) dé
cho ra danh gia nhiu T,. Gia sir sai lch
dénhgidla A AcR” -

asy-iy. A, ©®
Két qua danh gia nhifu T, s& dugc s dung
d€ téng hop lugt didu khién truot trong phan
tiep theo.

Téng hgp h¢ didu khién thich nghi khing nhifu trén
co s sir dyng didu khidn trrgt

Gia sir vecto sai l&ch bam la e

e=q,-q, ek, [©)]
Trong d6 4, la quy dao mong mubn. Robot s&
bam chinh xdc quy dao mong muédn g4,
néu chiing ta tdng hop dugc didu khién, sao
cho e(r) >0, 6() > 0-

& ché do truot déng hoc ciia hé théng phu
thuge chil yéu vio théng sé cia cdc mit truot
[2, 10]. Vi vay phai chon mat truot dap img
duge yéu cau dat ra 12 () - 0,é(1)—0- biéu
d6 c6 nghfa 1a phai xdc dinh céc diéu kl;n aé
trang thai cia hé ludn ludn bi “hat” vé mét
trugt, va mat truot phat dim bao hg thong én
dinh. N6i cich khéc can xac dinh diu kién
tn tai ché do Lruat trén cdc mat S = 0 va diéu
kign de hé théng chuydn dong trén mat truot
vé gic toa d§.

Chon céc mit trugt S dang:

§=¢+Ce ®)
Khi & trén mt truot, ta cé phuong trinh:
S=é+Ce=0 ®

Cic didu kién dé hé thong chuyén dong theo
cac mit trugt S=0 vé goc toa dé duoc xdc
dinh sao cho nghiém cia phuong trinh dac
tinh cta (9) nim trén nia tréi cla mit phing
phitc. Bing cich chon thong sb C: ciia cic
mit trugt chiing ta hoan toan xac dinh duoc
cac diéu kién nay.

Vén 8 tiép theo [a phai xdc dinh ludt didu
Kkhién, dam bao tdn tai ché dd truot trén cic
mit § = 0. Chon lujt didu khién dang:
T=1,+7, +KS+AsngnS, (10)
voi T,- didu khién tuong duong;

7, - thanh phin bt nhiéu;
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KS - thanh phin didu khién ty 18 véi muc dich
dua diém [im vigc nhanh chéng vé mat truot
(khi $=0); vdi K 1d ma trdn dudong chéo:
K=diag K, K,--K, K >0;

Asign$ - thanh phin Relay v6i ma trén bién
3, d& dam bao cho didm 1am viée ludn bi hit
trén mét truot khi di v& dén mit truot (hay
con goi 13 hién tugng Chattering).
A=A +01;
A,=diag a,a, a, ia>0.a,>0i=12,

A=digg a,a,--a, ,
md>0
Didu khién twong duong 1,, Xéc dinh theo
phuong phép tinh momen [12] cdn phas tho «
miin diéu kién s =0 [2, 10]:

7, =M(g)§+C(q.4)4 +Glg) an
Trong d6 § thoa man didu kién S = 0, hai
thanh phin thit 2 va thir 3 ¢6 tac dyng b rir
céc déc tinh phi tuyen. Tir (9) ta c6:
§=é+Ceé=0 (12
Thé &=, -4 tir (7) vio (12), sau khi bién
dbi thu duoc:
G=4,+C¢

(13)
Biéu khién twong duong 7,, (11) ¢6 tinh dén
(13) s& la:

z,, =M(g)§,+Cél+ C(g.9)3 + G(g)
Thanh phin thi hai 7, trong ludt didu khicn

14

(10) dwoe thiét 13p trén co s& két qua dénh pid
nhleu'r 7, -KT (15)
Binh Iy sau ddy xdc dinh diéu kién du cho s
tdn tai ché do truot trong hé théng phi tuyén
(3) v&i luat didu khidn (10), (14), (15).

Dinh 1y: Xét hé phi tuyén bat dinh (3). Luat
diéu khién (10), (14), (15) dam bao su ton tai
ché d6 truot cho hé théng trén cac mat trugt
(9) mdi khi théa mian céc didu kign A=lal .

va §>0 nho ty ¥.

Chiing mink;

The (14) vao (15) va (10), Kbt qua thu duoc

lai thé vao (3). Sau d6 bién dbi ta cé:

M(@)7+T, = Mig)g, +M(g)Ce+K,T, + KS+ Asign§
(16)

Tidp tuc bién db1 (16) c6 chn v dén (7) va ®)

ta thu duge:

§=Mig)"[T,-

Chon ham Lyapunov dang:

v-1gs

2

KT, ~KS— AsignS) an

18)
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Léy dao ham theo thdi gian cla ham
Lyapunov (18), ta c6:

V =88=5M(q)"'[T,-K,T, ~KS— Asigns] 19
Ta chon Ks 13 ma tran don vi 1, v chon ma
trin A= A, +61, trong 36 Ag 13 ma trdn dudng
chéo v4i cac thanh phin duimg chéo 1&:
a, =TT -Al.. A=Al

4 - 1a dai luong duong nhé tiy y.

Thé K =1, A=A, +61 theo (20) vao (19) va
Iwu ¥ ring ma trén M(q) * luén 14 ma trén xdc
dinh duong [7), két qua ta thu dugc:
V=8§<0 ()
Didu 6 dam bio tn tai ché ¢ truot [2,10]
ciaa hé (3) voi ludt diéu khién (10), (14), (15)
trén cdc mat truot (9). Dinh Iy da duge chimg
minh, ) .

So d6 cdu tric hé thong dugce thé hién trén H.

0)

ARSMC

H.2  So b cdu tric hé théng
M3 phéng

Déi tuong md phéng 12 Robot 2 bic tir do nhu
hinh vé H.3

Joint 2
By Ty
H.3  Robot hai bic tw do dang tay néi tiép

Joint 1 ~
8, F. T)

Bing théng sb cia Robot v sé liéu mé
phdng:
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Théng s§ [Gideg |
94 1sin(0.31)
25in(0.41)
(&) 1.0
ai 0.001
b 0.0002
[ 0.2 (m)
rvar: 0.1 (m) va 0.082 (m)
my Vi my 0.72 (kg) v 0.48 (kg)
I valr 0.0050191(kg.m?) va
0.0031088(kg.m?)
x 10t
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Time (s)
H.4  Tin higu nhidu thuc vi nhifu dinh gia

ciia thanh phén nhiéu T,
1

x10?
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o Time (s) .
H.5 Tin higu nhiéu th\{c va nhiéu danh gia
cia thanh phan nhicu T,
2
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H.6 Quy dao chuyén dong khép thir nhét
(q1) cia Robot
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o /v"
34
R 002 004 008
Timels)
H.7 Quy dao chuyén dong khép thir hai (q2)
clia Robot

Nhan xét: Quan sét két qua mé phéng trén
hinh H4 va H.3 véi dang nhidu tic dong lén
Robot 12 dot bién va khéng tron di cho thy
gidi phép danh gid nhifu c6 higu lyc tét. Bén
canh 6 qua két qui mé phong H.6 va H.7
cling khéng dinh dugc tinh uu viét cla thudt
todn d& xuit dam bao cho quy dao cia Robot
bim chinh xac theo quy dao dat trude.

KET LUAN

Béi bdo d& xult phuong phdp tong hop hé
diéu khién thich nghi bén viing cho Robot
dudi tac ddng cia ngoai I va nhiu bit dinh
khdng do dugc tir bén ngodi. Trong d6 xdy
dimg duoc thuat toan dénh gia nhiu va ngoai
Iye 1am co s& cho viée b trir anh huong cia
cic yéu t6 nay. Véi két qua md phong da
khiing dinh dugc tinh ding dén cua thujt todn
dénh gi& nhi€u va phuong phap diéu khién
thich nghi bén vimg sir dung didu khién truot
cho Robot dam bao tinh bén viimg véi nhifu
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SUMMARY

A SYNTHESIC METHOD ROBUST ADAPTIVE CONTROL SYSTEM BASED ON
SLIDING MODE ALGORITHM FOR ROBOT HAS THE IMPACT OF EXTERNAL
FORCES AND DISTURBANCES FROM OUTSIDE

Dang Ngoe Trung
College of Technology — TNU

This article proposes a synthetic method robust adaptive control system for robots under the impact of extemal forces
and disturbances from outside. In particular, external force and external disturbance may have sudden and are
unmeasured. Contents of the article was to introduce the method identifying disturbances and external as a basis for the
offsetting effects of these factors, which proposed sliding mode control algorithms for robots ensure robust with
disturbances and apply on simulation with the arm robot object that it has 2 freedom level to deternine an exacted
algorithm.

Key word: Robust adaptive control, robots, sudden external disturbances, sliding mode control
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