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DIEU KHIEN RO BOT N BAC Ty DO

PHAM THUQNG CAT

To6m tét : Bai bdo gisi thitu mot phrong phép didu khidn lai cho 16 b3t n bic ty do ¢6 chc tham s6 va nhibu
khong xdc dinh dwee chinh xéc trrde. Céc tin hi¢u bi phi tuy&n dra vao vong di¥u khiln vi trf clia mbi tryc dwec
xéc dinh trén co s& ki thudt ty thich nghi quy chifu miu. Sau ph3n gi¢i thitu mo6 hinh r&i rac cha hé thdng didu

khi®n r6 b&t, thudt bl phi tuy&n dwee chitng minh bling phuong phdp Lyapunov bio dédm dd 8n dinh d¥u cta toan
h¢ th&ng.

1-PAT VAN DE

k6 bdt da try thanh mét nganh khoa hoc, m6t nganh cdng nghidp déc l4p ¢b anh hudng 1én dén
kinh t&, xa héi va ca chinh tr} cia c4c nude tién tién. Hai murol nam qua 6 bét cng nghiép dwece phat
tridn va 43 vuot qua quan niém ban d3u v& rd b8t nhur mét "nhan céng gian don bing thép". Viéc ré bt
héa mét phliin hay todn b8 déy chuy®n san xudt d& ning cao chit lwgng va dd tin ciy s& 1 y&u t8 téc
déng trye ti€p dén sy canh tranh va chi€m linh thj tridng ctia cie hing [1.

Digu khién rd b8t 12 mét linh vuwc rét quan trong trong k§ thuit r6 bét. Péng hoc clia ré b3t 13 mst
qué trinh phite tap, nhidu chidy, phi tuyén ¢ nhidu mdl téc déng twong h& 14n nhau nén didu khidn né
khéng don glan, nhit 14 khi phai didu khi2n c4e truc ddng thdi song song. Sy ra doi cla k§ thudt vi xr
1y m& ra nhiing kha ning m&i cho viée 4p dumg nhitng thanh qua cla diéu khi2n hoe 4@ rd b8t 6 dé
théng minh cao, d4p ttng duge cdc yéu ciu vé d) chinh x4c va tinh m&m déo clia cée tng dung 2.

Da s8 c4c r6 bt céng nghiép hién nay dwoc didu khitn biing cde phuong phép ¢d didn @ID, cascad,..)
va bu thudn (feedforward) [3), [4]. C5 nhi&u nghién ciru v& didu khign 81 wu [5], [6], dt8u khiln ty thich
nghi [7), [8), [9], bt phi tuyé&n [10], [11], didu khidn phén cdp [12] [13] cho didu khién rd bSt. Mot v&n dé
nd1 1én trong cdc héi nghi quéc t&€ vé didu khidn r6 bét gin day 1a 4p dung céc phuong phép didu khién
khi d6i twong cé nhidu tham s§ khéng xdc dinh dwec chinh xéc hodc bj thay d8i trong qu4 trinh heat
d6ng [14], [15]. Bai bdo d& cip dén vin 48 ndy va due ra mét phirong phép diBu khidn lat (hybrid) phu
hop vé1 kha naing k§ thuét hién hanh.

11 - MO HINH HE THONG DIEU KHIEN RO BOT

Khi d18u khidn déc 14p m8i tryc khéng dép dng duge nhu cluy, ta phai 15 chire didu ¥iEn cde truc
d8ng thdi song song. Liic ndy ta phai chi ¥ dén cic téc ddng qua lai gitta cée true. Cée tar dong 1wong
h& nay cé the x4c dinh dugc bding tinh todn tix cdc phwong trinh déng hoe clia 16 bt heww Jo lue truc
ti€p trén cic truc ciia ré bSt. Thdi gian tinh todn 12 mét van dé cin phat chd y nhubu trod 2 didu knien
thd1i gian thye.’ éng hoc ctia r8 bt 14 mét qua trinh phi tuyén ma céc trang thal tae déng twong kd vén
nhau manh, do * 4y khi 14p mé hinh r&1 rac clia né ta phéi bdo dam duoe cde yéu cin vé dé chinh xdc.

Ta biét ring d6ng hoc phiin co cla rd L3t cé the mé tA bing hé phwong trinh phl tuyén sau 16l
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& day
n 12 s8 béc tyr do ctia ré bdt.
f1 1A Iyc holic mémen tic ddng 18n truc thit 1 ciia ré bét
q = [ q2,-, qn] 12 véc to vj tr.

Ta c6 thd tinh fi theo céng thitc (1) trén co s& do duge vi trf, t8c 4 va gla téc ctia méi tryc. Gi4 tr
tinh to4n nay 14 phin chinh cla tdng lyc (mémen) t4c d6ng 1én mdi truc clia déng co.

Tdng lyc (mémen) téc déng 1én mdi truc clia déng co b the mé ta bing phuong trinh sau:
7 2= Fi(f:) + fmi

& day 1 Ia tbng Iyc (mémen) téc ddng én tryc ctia ddng co 4, Fi 1A ham truy®n d6ng, fmi 12 tng céc
lyc (mémen) nhifu 1én tryc 1 (yc ma sét, Coulomb, 46 nhét,.). Théng thudng fmi nhé hon fi nhidu 13n
va khéng xéc dinh dugc chinh xdc. Him Fj ¢4 the 1A tuyZn tinh hay phi tuy&n thy thude vio co cfu
truy&n ddng va géc dit clia md to so véi truc rd bét.

D& diéu khién duoc chinh x4c ta cin biét 7i° cang nhidu cang t&t. Ta phén 1am hat phin: phin x4c
dinh duoc (do do hodc tinh) vA phin khéng x4c dinh du'orc chinh x4c (chi biét gi4 tri trung binh va gid
tr} min, max) 871 =fmi. ‘ '

Nhu vay ta cé:
W =n+by (2)

N&u mdi tryc 16 bét dugce lip mét déng co mét chieu 12 co cfu déng lwc ta c6 the mb td co ciu
truyén ddng & mot khép r6 bdt nhwr hinh 1
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Hinh 1: Co cfu truy&n ddng & mot khép rd bt

_Ja - m6 men quén tinh ctia déng co lkgm21
Jm - md men quan tinh clia bb truyen déng [kgm?]
J1-md men quén tinh ctia tryc 6 bdt kgm’
v -h s8 truyén déng clia bdnh ring, .
B1- 4% suy bién phia tii ctia déng co Nms/rad)
Bm - d6 suy bién phia tryuc déng co [Nms/rad]
Tg - mdé men trong tredmg Nm)
Te - mb men huéng tAm [Nm]}
T1-md men ti Nm]
fm - mé men ma sét Nm]
Qim - géc quay ctia truc dong co frad]
qi - géc quay clia true 1 bdt frad}



Hinh 2 cho ta md hinh déng co mét chidu théng dung.

Hinh 2 : M8 hinh d9ng co mdt chiu

Jeff 1A mé men hidu dung kgm?]

Jeff =Ja +Jm +n2J3,

Beff 14 4§ suy hitu dung Nms/rad]

Beff =Bm +n“B},

t1 1 ting md men tic déng lén tryc ciia mb to,

u(®) 1A tin hidu didu khidn mé to V]

1) 1 cudmg ¢4 ddng dién phiin ttng (armatura) A) -
L 1A dién cAm ciia phin émg,

R 1 dién tr& cda phiin tmg.

Gl thift dién cAm L 12 khéng d4ng k¥, ta c6 thd xéc dinh dugc ddng hoc cia bd didu khidn servo nhu
hinh 3 173 ;
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Hinh 3 : M0 hinh b diu khiln servo clia d9ng co mit chidu

Ko - 4 Khuy&ch dat odng sufit [V/rad]

Kt - hiing 8 chuy&n 4 cta tachometer [V s/rad)

Kb - hi 1g 58 cim tmg dién nguec clia md tor [Vs/rad)
K1-d4 khuyéch dat tde 44 (V/V1

Ki - hiing 8 m4 men ctia md to Nm/A)

qi - 8¢ quay mong musn cia truc 1 bt frad}.



Ta chon c8u tric hé th8ng diéu khién rd bt n béc ty do nhr sau (hinh 4)
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Hinh 4 : Ditu khitn rd b8t n bac ty do

Nhu vy hé th&ng didu khidn rd bSt n bac ty do cia ta 12 mét hé lai vi & m&t m6 to ta b vong didu
khitn déng va t8c d6 12 vong didu khitn twong ty (analog), con vdng didu khidn vi trf 12 vong didu
khién s3 (digital). S& di ta phai chon phuwong phép lal vi t8c 46 tinh todn ctia cAc wP hién hanh (ntel
8086, Motorolla 68000..) chura d4p ttng chi s8 chdt lwgng/kinh t& (thdi glan cit miu cho vong didu khidn
dong thudng do1 hot 14 12 ms).

Céc tham s8 cia vong diéu khidn tuom?tu’ dugrc thiét k€ theo phuong phép théng dung trén co s&
gla trf trung binh cla cic tham s8 ré bdt va tai. & d4y ta cho thém mét tin hiéu phan hdt phi tuyé&n g1
(s8 dugrc x4c dinh sau) vao bd diéu khien servo ciia méi truc 48 bt tinh cho céc bién 4di khéng x4c dinh
chinh x4c duge trude.

V&1 thdt glan cit miu T, ta ¢ th® mé ti dong hoc ciia hé théng didu khidn rd b8t duéi dang ham z
nhur sau [18]:
(1+ @127 + aiaz™?)qi(2) = 27 (bio + birz ™) [gia(2) + 9:(2)]
+ 27 Yejo + 127 )i (2) + 276 (2); (3)
1=1,2,..,n.
& day:

ail, ai2, bio, bil, clo, ci11a c4c tham s8 (gia thift biét khéng chinh x4c hoic khéng bi&t) ciia vong didu
khign servo clia truc {; qid, qi 12 vi trf mong mudn va titc thdi cda truc 1; g1 1 tin hiéu bt phi tuyé&n.

Bai todn d18u khién dwrge dit ra la xdc dinh gi sao cho qf (vée to vi trf tire thdi) dat dwoce gid i
mong mudn qid, bdo ¢ddm 8n dinh va ch&t lweng cho trude. '

I - XAC PINH TIN HIEUBU g

Ta aling phuong phép ty thich nght quy chi€u miu d& x4c dinh gi 14 tfn hidu b phi tuyén cho ting
truc. Chi tiéu dn dinh va chit lugng didu khitn dugc x4c dinh trong mét md hinh miu nhu sau:



Am(2)qim(?) = Bim(2)que(2); 1=1,2..,n @

. & day Aim(2), Bim(2) 12 céc poliném tao nén hé déng e mbu 3n dinh dugce chon sao cho b cée didm
cye va difm khéng phén b8 t61 wu phit hop véi chc chl tidu chét lwong dit ra.

Théng thudng ta chon miu 14 mdt qué trinh bic 2:
Aim(2) = 1+ Gim12™? + Gimaa™?
Bimn(8) = 87 (bimo + bim12™).

Tridn khai duéi dang phwong trinh (4) ta cé :
(14 im12™* + aima2™2)gim (2) = 27 (bimo + bim12™)gia (5)
t=12,.,n
Ta dinh nghta sai 88 v{ tr{ gitta m6 hinh miu v& ré b8t nhur sau

e,-(k) = q,-(k) - q;m(k); t1=12,...,n (6)
T (k) = [e1(k), 2(k), ..., & (K)]T

Bii todn di®u khi®n 88 duge thda min néu ta chon duge cde gik) :1 =1, 2,., n thich hop sao cho

kl_i.n:o e(k) =0 (7)

Dinh I¥. N&u ta xdc dinh cde tin hiéu di¥u khidn g1(K) , 1 =), 2, n theo phirong phép sau:

i

gi(k) = 7 (K)eos (k) (8)

| %K) = %(k — 1) + a;8i(k — 1)es(k) (9)
trong 46

07 (k) = [g:(k = 1), g:a(k), g:a(k — 1), :(k), 9 (k — 1), s (k), = (k - 1), 1] (10)

0 <aj <2/bjomax tham s§ chon ty do
ei(k) = Aim(g™")si(K)
8i(k = 1) = wi(k — 1)/ (1 + Jlws (k ~ 1)|}) ' (11)

th
lim e(k) =0.
k—oc0

Chifng minh : L&y phuong trinh (6) trir df phuong trink (3) r3i chuyln sang midn thdi glan va sau

khi gian wée hat vE ta 6 :

Aim (7)€ (k) = (ai1 ~ Gim1)ai(k = 1) + (343 = Gima) s (k ~ 2)
+(bimo — bio)gia(k — 1) + (bim1 — i1)gia(k = 2) = biogi(k ~ 1) (12)
beagilk = 2) = oot (£ = 1) = cia k= 2) + br(k = 1)

1=12,..,n



Chon gi(k - 1) theo phirong trinh sau :

gi(k - 1) =va(k- 1)gi(k — 2) + via(k — 1)ga(k — 1)+ Ys(k ~ l)q“(k ~2)+
+ Yia(k— 1)gi(k - 1)+ s (k - 1)gi(k - 2) + vie(k— 1)7(k — 1)+
+ 7 (k= 1)ri(k ~ 1) + ws(k - 1)
1=12..,n (13)

Viét phuwong trinh (12) dird dang véc to ta o6t
Aim (27 Y)ei(k) = 07 (k- 1)(k ~ 1), § = 1,2,..,n (14)
& day
®F (k — 1= [~bis — biowi1 (k = 1), bimo ~ bio = bioYia(k — 1), bim1 — biz — biovis(k — 1),

ai1 = 8im1 — bioVia(k — 1), 8i2 = 843 — bioYis (k — 1), ~ci1 — biowe (k — 1),
—ciz — biovir(k — 1), 67(k — 1) — boyis(k — 1)) (15)
07 (k- 1) = [g:(k — 2), gsa(k = 1), qialk ~ 2), qs(k — 1), qi(k — 2), i (k ~ 1), 5(k - 2),1]  (16)
Ta dinh nghla

Adi(k) = ®i(k) - Di(k- 1) an
va chon ham Lyapunov nhur sau; n
V(k) =), 07 (k)®:(k)/2> 0 ) (18)
Vi sal ctia hAm Lyapunov s& 1A ‘ n
AV(E) =V (k) - V (k- 1) =) (@] (k - 1) + A®T (k) /2] A®; (k) (19)
=1

Ta dinh nghYa ma trén théng tin cia truc { nhu sau
Qk-1)0T(k~1) .
i(k—1) = * ;8=
Ri(k-1) 1+0,T(k—1)n.-(k—1)"

1,2,..,n (20)

Ta thiy c4c ma trdn théng tin ndy 481 xitng, xdc dinh khéng 4m va céc gid tr} riéng cda ching nim
trong véng tron don vi.
Ta héy chon thuét diéu chinh nhw sau:

Adi(k) = -p: Ri(k-1) ®i(k-1); 0<pi<2,i=12..,n (21)
Thay th€ phwong trinh (21) vio phuong trinh (19) va thyc hién mét vai phép bién dd1 ta cb:

n

AV(k) = Y —p®F (k = 1)[I - piRilk — 1)/2) Re(k - 1)®i(k — 1) (22)

=1
Do 0 <pi <2 va ma trin Ry(k) x4c dinh khéng &4m, nén ta ¢6 th¥ chon mét s8 bi >0 ma
{1-piRi(k - 1)/2} 2 bil.
Thay vao phucng trinh vi saf cia ham Lyapunov tacé @



AV(H) € 3 -piB0T (k= DRAE - DO(k 1) =3 —pify T nm?(f))n-(k -y @)
= i=1 s t

& ddy ta ky hiéu
ei(k) = & (k- 1) (k- 1),

tic la ei(k) = Aim(g?)ei(k) = €i(k) + Gimai(k — 1) + aimasi(k ~ 2) (24)

Do pifi >0, tir phuwong trinh (23) ta cd
AV(k) < 0 n€ueik) = 0 va
AV(k) = 0 chikhiei(k) = 0; i = 1,2,.., 0.
Theo dinh 1y Lyapunov [19] khi vi sal ctia ham Lyapunov xéc dinh &m, ej(k) s& tién té1 O:

*Engo ei(k) =0; ¢ =1,2,...,n, Ve;(0) # oo

Ta cfing c6 the nhin thdy r3 didu nay bing céch suy dién nhuw sau:

VA VE) >0, AVK) < 0;k =1, 2, 3,.. ta suy ra V(K) phat 12 mét ham gidm dan va bj chin dudi véi
g4 tr} chain lai 13 0. Néu V(K) dirng & mét hiing s& ndo d6 khac 0 hay blng O thl ey(k) = 0. N+i cich khéc,
khét hanh vét bét ky V(0) = o ndo 46 sau mét thi gian ty chinh V(k) —» hiing o6 nghla la e(k) — 0.

Mét khi ei(k) — 0 thi (k) cling vy, bd1 do ta da chon Aim(z ) 12 mét péliném 3n dinh. T pawong
trinh (24) ta d& dang rut ra:

lim e{k) =0
k=+c0
Di2u ndy c6 nghta 12 v} trl ctia céc tryc réhot bdm sét cAc gi4 tri vi trf clia mé hinh mbu,

Trong phin ti€p theo ta phai chirng minh néu 4p dung céch bl phi tuyén theo cdng thirc ) va (9)
thi thye t& s& bo ddm dwore thudt ty chinh @RD.

Ta gi thiét 13 chc tham 8 ayj, by va cif ;1 =1, 2,0, =0, 1, 2 8Ty khéng duce bikt trwée @ry gid trf
biomax) va 6 the thay d8i chdm. Véi didu kién ndy t phuong trinh (17) ta c6 :

AQ,’ (k) 3 —bioA’[,‘ (k) (25)
& day:
A'Yi'r (k) = [A'Yil (k)s Az (k): Ais (k): ey A'7o'8(k)]

Thay vao thuét di2u chinh (21) ta nhén dugc:
Avi(k) = -f—"-&-(k ~1)®(k~1); 0<p; <2,i=1,2..,n (26)
10

Do ¢6 th® chon pi trong khodng 0 <pi <2, ta ¢b aj = pi/hio thay 48t duge trong khodng 0 <at <
agmax; aimax = 2/bjomax. Véi

es(k) = ®F (k ~ 1) (k - 1)
thudt todn ty chinh (26) ¢ dang sau:

Qu(k—1)

Avyi(k) = a‘[1+ Qg(k— D0k = l)le;(k); 0< a; € Gimaz (27)




T dAy
% (k) = 7 (k — 1) + abi(k — 1)es(k) (28)
trong 46

&i(k — 1) = (k- 1)/(1 + |19 (k - 1)I})
Vi€t phuong trinh (13) duét dang vée to ta cb:

ailk = 1) = f (k= 1) (k ~ 1)
Thay t =KT gi(k) = 77 (k) (k) (29)

mi
nT(k) [9‘ (k - 1)) qld(k)t qtd(k 1)) qt(k); qt(k - 1)) f‘(k); f‘(k - l)) 1] '

Bidu thirc trén chinh 1a thu4t tinh tin hiéu bl (8) mi ta cin chitng minh,

IV - KET LUAN

Phuong phép didu khidn lai néu trén c6 nhitng wu diém sau:
@ Phil hop vét khé ning k¢ thudt htén hanh, d8 dang cai 44t thém vao nhitng ré b8t dang hoat
4d4ng trong odng ngl.iép d8 ti€p tuc ning cp.

@ Thudt bl phi tuyén don gidn, dudi dang rdi rac d& dép trng yéu cdu thdt gian thye khi thye hién
blng céc céng cu vi xit If quen thude. V&1 cong nghé ché teo vi mach LSI va DSP (Digital Signal
Processing) hién nay viéc ch€ tao cic vi mach chuyén dung nhw thuft bl phi tuy&n néu trén cho didu
khidn r6 b&t khéng gip tr& ngat.

@ Phuong phép néu trén c6 tinh b&n cao (robust). Trong thyc t& véi mét r6b8t cu the, ta luén ludn
€6 théng tin v& cée gié tr} giéi han (min, max) cia céc tham s§ cta né. Do vdy, ta c6 the chon duec céc
tham s& ty do ctia hé di2u khidn lal mot cAch t8f wu,

CAc két qua mé phéng trén méy tinh dién tir chimg té hidu qua cta phu'crng phép so véi cée phu'o'ng
phép khéc. Do khudn kh3 bat béo c6 han chiing t81 s& cdng b8 & cAc 88 tiép.

TAI LIEU THAM KHAO
1 Dr. Schweizer M, Robot Application in Germany. IFAC Sympostum on Robot' Control, SYROCO 88,
Oct. 5-7 1988 Karslruhe FRG.

2. M. Yukobratovic', D. Stokic’, N. Kircanki, Scientific Fundamentals of Robotics 5. Non - Adaptive and
Adaptive Control of Manipulation Robots. Spiringer Verlag, New York, 1985,

3. J. S. Luh, Conventional Controller Design for Industrial Robots. A tutorial. [EEE. Trans. Syst, Man,
Cybernetics SMC-15(2), 298-316 May/June 1983.

4. R. Paul, Robot Manipulators : Mathematics Programmig and Control. The MIT Press, Cambridge, 1981.

S. O. Egeland, Manipulator Cartesian Trajectory Tracking Using Optimal Control Theory. IFAC Robot
Control SYROCO'85, Barchelona Spain, 1985, pp. 63-67.

6. P. Marinov, P. Kirlazov, A Direct Method for Optimal Synthesis of Manipulator Point-to-Point Motion.
IFAC 9th Trienal World Cogress Budapest 1984, pp. 453-456.



7. A. Alcaraz, R. Ortega, An Adaptive Computed Torque Controller for Manipulators with Limited
Torque. Preprint IFAC/IFIP/IMACS Int. Sym. on Theory of Robots, 1986.

8. I. H. Mufti, Model Reference Adaptive Control for Manipulators - A Review, IFAC Robot Control
SYROCO’ 85 Barchelona Spain, 1985, pp. 85-94.

9. G. G. Leininger, Adaptive Control of Manipulators Using Self Tuning Methods. Ch. 9, Robotics
Research, Edited by M. Brady and R. Paul, 1984.

10. T. Vatanabe, Kavata, K. Tetsuya, A Sliding mode intelligent servo system to improve the path

ace .., =ad power consumtion of robot manipulators. Japan-USA. Sym. on Flexible Automation, Osaka
Japan , 1986.

1L A. Peltomaa, A. J. Koivo, Compensation of Nonlinearities and Interactions in Robotic Manipulators.
IFAC Robot Control SYROCO' 85, Barchelona Spatn, 1985, pp. 509-513.

12. M. Vukovbratovic, D. Stokic, Scientific Fundamentals of Robotics 2. Control of Manipulation
Robots. Theory and Application. Springer Verlag New York, 1982.

13, P. T. Cat, Robust Adaptiva Axis Control of Manipulator. Robotics and Computer-Integrated
Manufacturing, Vol.3, No. 3, pp. 285-293, New York, 1987.

14. G. L. Luo, G. N. Saridis, Robust Compensation for Robotic Manipulator. IEEE Trans.Vol. AC-29, No. 6,
June 1984, pp. 564-567.

15. T. Sugie, T. Yoshikava, T. Ono, Robust Controller Design for Bmliot Manipulators. Japan-USA.
Symon Flexible Automation, Osaka Japan, 1986. 2

16. M. Vukovbratovic, Potkonjak, Scientific Fundamentals .of Robotics 1Dynamics of Manipulation
Robots. Theory and Application. Springer Verlag New York, 1982,

17. R. P. Paul, J. Luh, C. E. Campbell et al, Advanced Industrial Robot Control Systems . Reports at
School of E. E, Perdue University July, 198L

18.J. Ackermann, Samples-Data Control System, Robust System Design. Springer-Verlag, Berlir- 1985,

19. J. La Salle, The stability of Dynamic;al Systems. SIAM, Regional Conference Series in Applled
Mathematics, 1976.

20. P. T. Cat, J. Somlo, On the Model Reference Adaptive Control of n degree of freedom mantpulators.
USA-Japan Symposium on Flexible Automation , Minneapolis Minnesolta, USA July 18-22, 1988.

ABSTRACT

A hybrid control scheme is presented in this paper for the control of manipulators which have
uncertainties in parameters and disturbances. The robustness is achieved by applying the Model Reference
Adaptive Approach in order to obtain the nonlinear compensation laws which do not require the exact
knowledge of parameters and disturbances. At first modelling of discrete control system of n degree of
freedom robot is analysed. Then using the second method of Lyapunov a control scheme is proposed
which results in asymptotically stable system performance.
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