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Tém tit. Trong nhiing ndm gan day, nhiéu d6i tuong quan tam dén viéc thiét ké bo dicu khién cho cac hé
thong mo hinh phi tuyén dé thir nghiém céc thuat toan diéu khién khac nhau. Nhiéu mé hinh hé thong phi
tuyen sir dung trong gido duc co tinh can bang khong on dinh. H¢ thong hoan chinh trong bai bdo nay bao
gém mot qua bong, mét thanh trugt, mot dong co va mot s6 cam bién. Mé-men xoin dugc tao ra boi dong
co dé diéu khlen vi tri ciia h¢ bong va thanh, trong d6 qua bong lan tu do trén thanh. Mot lut diéu khién
duoc phat trién va do 6n dinh tiém cén dua trén bé mit truot. Muc dich 1a thiét ké mot bo diéu khién cho vi
tri bong vo6i nang luong t6i wru va do vot 16 toi thiéu. P& minh hoa hiéu qua ciia bo diéu khién truot phi
tuyen cac két qua mo phong tai cac diém lam viéc khac nhau dugc trinh bay va so sanh V01 cac bo didu
khién khac. Cudi cling, cac thuat toan diéu khién duoc so sanh véi nhau dé tim ra giai phap tot nhat.

Tu’q khéa. Bong va thanh, diéu khién truot, diéu khién phi tuyén, diéu khién bam quy dao, 1y thuyét diéu
khién.

1  GIOI THIEU

Hé théng bong va thanh 1a mot trong nhitng hé théng duogc sir dung rong rai trong gido duc va nghién ciu.
Tinh phi tuyén va bat 6n dinh ctia hé théng nay dd md ra canh cira cho viéc nghién ctru cac hé théng diéu
khién khac. Dang ddu tién ctia hé thong bong va thanh thuong dugc goi 1a bd can biang bong va thanh truot.
Trong d6 thanh trugt ngang dugc d& don gian ¢ truc gitta hinh tam gidc va quay xung quanh truc cua no.
Uu diém ctiia m6 hinh nay 1a don gian trong viéc mé hinh hoa hé théng va dwa ra hé phuong trinh toan hoc.
Dang cAu hinh tht hai duge xay dung véi thanh trugt duwoc do ¢ ca hai bén b@“mg hai canh tay don thfmg
dung. Mot canh tay don s& cung cap diém tua dé quay, canh tay don con lai dugce ghép voi banh ring dau
ra cia dong co. Nhuoc diém cua mé hinh nay 1a phin co khi qua phtc tap, cho nén sé& gy ra nhiéu diéu
khé khan trong viéc hinh thanh mé hinh toan hoc. Yéu cau ctia hé thong bong va thanh 1a phai ¢ dinh vi
tri qua bong tai diém mong mudn trén thanh truot.
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Ky tw Hy Lap
a Goéc quay cua thanh dam, rad/s
& Goc quay cua banh rang servo, rad/s

Cic tir viét tit

LOQR B diéu khién tuyén tinh héa dang toan phuong
DSP  Xir Iy tin hiéu sb

DC  Dong dign mot chicu

PID B0 diéu khién PID

LQG BO dicu khién Gauss tuyen tinh bac hai

Nhiéu nghién ctru da dugc thyc hién vé hé bong va thanh. Hauser et.al. [1] da xem xét véan dé diéu khién
phi tuyén bong va thanh. Ho da phén tich va chi ra rang béc twong ddi ciia hé thong bong va thanh khong
duoc xac dinh 16 rang. Do do hé thong khong thé tuyén tinh hoa dau vao va dau ra. Bé giai quyét van dé
kho khin nay, mot mo hinh phi tuyén don gian di dwoc sir dung dé x4p xi mo hinh h¢ thong phurc tap ban
dau. St dung mo hinh don gian cua h¢ thong nay, nhidu nha nghién ciru da dé xuit cac loai bo didu khién
khéc nhau. Hirsch [2] di ché tao ra hé thdng c4n bang qua bong trén thanh dam duoc thyc hién bang cam
blen siéu am dé do vi tri ciia qua bong. Goc cua thanh dam duoc tao ra boi day bién tré. Pong co véi hop
s6 duoc diéu khién bang mach op-amp cdng suét cao. Rosales [3] di ché tao hé thong bong va thanh bing
acrylic. Lieberman [4] da x4y dung mot hé thong véi cdu hinh thir nhat mang tén hé thong robot cin bang
bong va thanh. Hé thdng nay twong tu v6i hé thong cua Hirsch [2]. Su khac biét giita hai hé thong la
Liberman [4] st dung cam bién day dién tré, trong khi Hirsch [2] sir dung cam bién vi trf siéu &m. Quanser
[5 ] gi6i thidu san phdm thuwong mai mang tén mo hinh bong va thanh véi cau hinh sO hai. M6 hinh nay bao
gom cam bién vi tri duoc lam bang day dién tr¢ va dong co servo DC c6 hop s6 giam tdc. Nhin chung, hé
thong bong va thanh thuong duge diéu khién bai mot sé bo diéu khién thong thudng nhu bo didu khién PID
hodc bd diéu khién khong gian trang thai, didu khién t6i wu LQR. Bo diéu khién truot xap xi da dugc dé
xuét trong [6]. Viéc xép x1 dua trén viéc thay d6i mau s6 cua luat diéu khién dé tranh diém ky di. Su thay
dbi trong diéu khién nay dan dén mot bé mat truot bi gidi han va hiéu sudt giam sut. Ngoai ra Hirschon [7,
8] di dé xuit bo diéu khién truot gia ting cho hé thong bong va thanh. Cac thuit toan diéu khién thong
minh nhu mang no-ron diéu khién logic m¢ déu da duoc str dung cho hé bong thanh. Vi du tmg dung thuat
toan mang no-ron va logic md vao diéu khién thoi gian thuc hé bong va thanh duoc tim thiy trong [9-14].
Trong bai bao nay, tac gia dé cap dén bo didu khién bén viing dua trén bo didu khién truot dé dinh vi tri
qua béng trén thanh dim. Thong qua viéc so sanh cac giai thuat diéu khién voi nhau dé suy ra giai thuét
nao la tot nhat. Sau d6 ap dung vao hé thong thuc nham kiém nghiém két qua thyc té. Cau triic bai bao dugc
chia 1am cac phan nhu sau. M6 hinh dong hoc ctia hé bong va thanh dugc trinh bay & chuong 2. Trong
chuong 3, Iy thuyét va phuong phap thiét ké bo diéu khién trén duoc trinh bay mot cach ddy di va ngin
gon. Két qua mo phong va danh gia s& dugc trinh bay & chuong 4 nham so sanh va danh gia hiéu qua hoat
dong ciia bo diéu khién. Cubi cling phan két luan vé dap uing cia bo diéu khién ciing nhu cac kién nghi phat
trién va ciing c6 hé théng trong twong lai s& duogc trinh bay & chuong 5.

2 MO HINH HOA HE BONG VA THANH

DPuge mo ta nhu hinh bén dudi, qua ’bong duoc dat trén mot thanh né}m ngang va lan ty do doc theo
chiéu dai thanh. Cénh tay di dong dugc gan vdi thanh truot & mot dau va dau con lai gan voi dia quay. Goc
quay cua dia c6 thé thay d6i dugc mot lwong la €, va canh tay di dong hop véi thanh mot goc o .
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Hinh 1: M hinh hé thng bong va thanh hoan chinh

M® hinh toan hoc ciia hé thong trén bao gdm dong luc hoc cua dong co DC servo, mbi quan hé giira dong
hoc va dong luc hoc cua qua ﬂbéng~ v&i thanh trugt. Dya vao dinh ludt dién ap Kirchoff, phuong trinh toan
hoc ctia dong co DC duoc bi€u dien nhu sau:

. di
V. =1 R +Kd+L — 1
in m''m b mdt ()

Trong d6 V,, 1a dién 4p ngd vao, | 1a dong dién phan ing, R va L 1a dién tr& va do tw cam phan tmg,
K, 1a h::ing sb dién dong nguoc trong mach dong co DC, va 0 1a van toc gac, chiéu dai thanh truot L,
khdi lwong qua bong M. Vi d6 tu cam cta phan tmg twong d6i nhé nén phuong trinh dong co DC (1) ¢6
thé duogc don gian hoa nhu sau:
V,=1,R, +K,O (2)
Khi d6 momen xoan tac dung 1én dim dugc mo ta boi:
1 . )
7, =—@,0+B.0)=K_I, (3)
Ky

Trong d6 B 1a h¢ s6 ma sat nhét, 7,, 14 momen xoan ctia dong co, K laty s6 truyén, J 1a momen quén
tinh hiéu dung va K| 1a hing sb momen xoén ctia dong co. Két qua 1a mo hinh dong co DC dugc tinh toan

nhu sau:

Vy =m0 | K, 4| ©)
KK KK,

m' g

Xét hé bong va thanh c6 toa dd & hinh 1 trong truong hop khong c6 ma sit hodic cac nhiéu loan khac. Pong
ning cua hé théng1a T = T, +T,. Trong d6 T, la dong luc hoc ctia thanh, T, 1a dong luc hoc ctia qua bong.
Phuong trinh dong néng quay don gian cta thanh la:

1

T=>dd (5)
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Trong d6, J, 1a momen quan tinh ctia thanh trugt va « 1a van téc goc. Do @6, phuong trinh dong ning cia
qua bong la:

1 o1 o, 1
T, ==(mr*)a’ + =mi? + = J, @’ (6)
2 2 2
Trong d6, J, 1a moment quan tinh cua qua bong, I' va @, 1a van tdc hudng tam va van toc quay ciia qua

2 . . .
bong. Boivi J, = s mr?, ¥ = R@, nén phuong trinh thé ning ctia hé théng:

1 7
T=={(J, +mr?)a’ +—mi? 7
5 [( L) a4+ 7)
Trong khi dong ning cua hé théng duoc thé hién khi qua bong lan:
P =mgrsina + Mg %sina 8)

Vi phuong trinh dong nang va thé nang cta h¢ thong nhu trén. Phuong trinh dong luc hoc hoan chinh cua
hé thong bong va thanh ¢6 thé thu dugc bang phuong phap Larrange nhu sau:

1 P A L .
H=T-P== (\]1+mr2)052+—mr2 —(mgr +—=Mg)sina 9)
2 5 2
Trong d6 Larrange H ctia ham toan hoc 14 tom tit dong luc hoc cia hé thdng. Vi khong c6 ngoai luc tac
dung 1&€n qua bong theo hudng xuyén tam nén cac phuong trinh chuyén dong Larrange dugc trinh bay &

phuong trinh (10) bén dudi:

(J1+mr2)d+2mrra‘z+(mgr+%Mg)COSa=r

(10)
1., . .
gr—roz +gsina=0

Bing cach gia st rang goc cua thanh truot rt nhé néu khong c¢6 ma sat, n6 s& dan ¢én gsina =gao .
Phuong trinh (10) tro thanh:

(mr2 + Kl)o‘Z+(2mrr+ K,)a + (mgr +%I\/Ig)cosa =7

(11)
K,jf-ré*+ga=0
Trong do:
K1:M+J1;K2:£ Kme+Kb+m ;K4:Z;T:K3Vin (12)
Kngd d Rm Kng 5

Mo hinh c6 thé duoc mo ta bang dang phuong trinh trang thai sir dung ki hiéu sau: X, ki hiéu cho vi tri qua

. . A A . (M .
bong doc theo thanh truot vai X, = r(m); X, ki hiéu cho vén toc qua bong voi X, = F(—) ; X, ki hiéu cho
S

s rad .
goc quay thanh truot voi X; = ar(rad), va X, = a(——) cho van toc goc thanh trugt. Do d6, cac phuong
S

trinh trang thai hoan chinh dugc dua ra bdi phuong trinh (13) bén dudi:
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X =X
X, = -3 X3
K4
. (13)
X3 =%,
X __t KV, —(2mxx, + K,)x, —(mgx +£Mg)cosx
4 mxlz + }(1 3%in 172 2774 1 2 3
3 THIET KE BQ PIEU KHIEN
3.1 Ly thuyét diéu khién truwot
_L_:Oi, Bo didukhién | U | DOitwong didu y
T- truot khién
Hinh 2: Hé thng diéu khién truot
Xét hé thdng phi tuyén biéu dién boi phuong trinh vi phéan sau:
(n _
X =f(X)+g(X)u
(X)+g(X) "
y=X
T \ .
Trong d6: X = [X X .. X(H)] la vecto trang thai. U 1a tin hi¢u di€u khién. Y 1a tin hi€u ra. N bac cla

hé théng. Cacham f = f(X), g = g(X) 14 cac ham phi tuyén khong biét trudc, nhung biét trude cac chin
trén va dudi cia chiing.

foin < <T 0 0<0uin <9=0
Goi I 1a tin hiéu dat. Gia thiét I c6 dao ham theo t dén cip n. Véi

X, | [r X— X, e
x® r@® X— X, e®

Xd = d = , E = X — xd = = (15)
Xén—l) r(n—1) X(n—l) _ Xé"_l) e(n—l)

Trong d6 € la tin hi¢u sai 1éch, muc tiéu diéu khién 1a x4c dinh luat diéu khién sao cho sai 1éch tién toi
khong khi t — oo . Ham trugt dugce xac dinh boi phuong trinh:

S=e"Y+a e"?+..+ae®+ae (16)
Céc hé sb a,,a,,...,8,_, phai dugc chon sao cho phuong trinh dac trung cua phuong trinh vi phéan cé tat
ca cac nghiém véi phan thyc am (thoa tiéu chuan 6n dinh Hurwitz).

p" P +a, ,p"?+..+ap+a, =0 (17)
Trong khong gian trang thai N chiéu, phuong trinh S =0 x4c dinh mot mit cong dwoc goi 1a mit truot
(Sliding surface). Luét diéu khién U dugc xac dinh sao cho S — 0 trong khoang thoi gian hitu han. Trén
mat trugt S =0, vi tat ca cac nghiém cta phuong trinh vi phan déu c6 phan thyc &m nén E — 0 khi
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t — 0. Cac quy dao pha cia hé théng duoc dua vé mit truot. Bén trén mit truot, quy dao pha bam theo
diém X, mot cach tiém can. Dé xac dinh luat diéu khién, dao ham (12) ta co:

S _ o (n-D)
S=e"+a, e

= (X = x0) 2, (XD = x) k a, (XD - XP) 2y (X X,)

+...+ae? +ae®

= f(X)+g(X)u—-x"+a ,(x"Y —x)+.+a, (x? —xP)+a,(x-X,)

Str dung phuong phap Lyapunov, chon mdt ham xac dinh duong V ¢6 dang:

Pé V xac dinh 4m can chon luat diéu khién U sao cho:
$>0->S<0;S<0—>S5>0;S=0—->S=0

C6 thé chon S =—k.sign(S) . Véi k >0 A sign(S) =

1

V=ESZ—>V' =SS

Thay (17) vao (14) ta dugc luat diéu khién:

1

Uu=—
g(X)

1S>0
0,S=0
-1,S <0

[FOO) =X +a,, (X =x{) .2, (XD = xP) + 2y (X = %) +k.sign(S) |

(18)

(19)

(20)

(21)

(22)

Véi k 1a hing sé duong. Gia tri ciia K duge chon sao cho trong truong hop xdu nhit quan hé SS <0 khi
S # 0 van luon théa man. Luat diéu khién U (18) dua quy dao pha cia hé théng vé mat truot va duy tri
Mot cach bén virng trén mat trugt nay.
3.2 Xiy dung bd diéu khién

B diéu khién truot ciia hé thdng bong va thanh dugc dién ta nhu so dd hinh bén dudi:

— —>  Mode
\ Controller

Vin | DC Servo
motor

Theta
thanh
alpha

Ball and Beam
System

R(s)

Hinh 3: So dd khdi bo didu khién truot hé théng bong va thanh
Tt hé phuong trinh (9) ta dat y = X, va lan lugt liy dao ham. Ta thu dwgc hé phuong trinh nhu sau:

9

9

yzxz;y':K—sin x3;'y':K—x4<:osx3

4

9

= f_+h,KVin(t)

4

—K,Vincos X, + (2mx,x, + K, )X, COS X,

Trong d6, ham sé f, va h, dugc biéu dién nhu bén duéi:

B K, (mx? +K,) | +(mgx, +% Mg) cos® X, + X (mx; + K,)sin x,

(23)
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(2mxx, + K,)x, +(mgx, +|£ Mg) cos X,

f-9 X COS X, + Z, Sin X
K, (mx; + K1) P

(24)

h, :—+cosx3; Teons<Z
K,(mx +K)) 2 2

Dua vao phuong trinh khdng gian trang thai ta s& tién hanh x4y dung bo diéu khién truot tinh, myc dich
cudi ciing 14 vi tri qua banh (X,) phai can bang ngay vi tri mong muén (r,) . Dinh nghia tin hi¢u sai léch:

E=y-lL=Y=-X (25)
Chon mat truot nhu sau:

S=e"Y+a _e"?+...+aé+ae (26)
Vi dao ham béc 4 da xuét hién u nén ta chon mat truot 12 bac 3 vai cac hé s6 thoa phuong trinh déc trung
Hurwitz:

S=¢+at+ae+ae (27)
Thay phuong trinh (21) vao (23) ta dugc:

S=y+ay+ay+a,*(y—rd)—('+ai+a,r)
g g

= X, COS X, —aiK—sin Xs +a,X, + a5 (X% —r,)—(F+af +a,r)
4 4

(28)

Trong d6 a;;a,;a,; 1a cac tham s6 thoa méan phwong trinh dic trung Hurwitz. Lay dao ham (24) ta duoc:

S=¢+a€+at+ae

g%, CosX, . gsinx (29)

=(f, +h,KVin)—a , +a,X, =T —af —a,l —a,r
K, K,

Chon u sao cho:
S =—asign(S) (30)
Trong d6 ¢ 1a mot hing sé duong chon trude . Luat diéu khién duoc xac dinh boi:

X, COS X sin X
g 4 3 +a2 g 3
K4 K4

U= hl[_ f.+a —a,X, —asign(S) + "+ a,F +a,i + a,r] (31)

S
Véi U =K,Vin(t), voi cac hé s diéu khién ctia mit truot 14 a,,a,,a, sao cho @, <0;a, >0;a, >0 va
a; > a3,

Néu chon « 14 hiang s duong thi ta thu duoc 8.5<0, do vay S dan tién vé 0 thda min yéu cau cua lut
diéu khién.

4 KET QUA MO PHONG VA THAO LUAN

Dé kiém chimg hiéu suét diéu khién ctia bo diéu khién ché do truot, thudt toan diéu khién da dugc md
phong va kiém chirng trén nén tdng mé phong Matlab. Nén tang nay c6 thé md phong hé thong bong va
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thanh rét thyuc té bao gom vi tri qua bong, goéc quay thanh trugt va dong thoi ¢6 thé thuc hién nhiéu thi
nghiém khac nhau dé kiém chung hiéu qué cta cac thuat toan didu khién khac nhau.

Sliding Surface:

N/ :
! e

Vi tri qua banh lu¢ dau ——»{x

vi tri qua banh lue sau

ball postition

ball postition r_dot

r 2dot

Goc thanh beam

Sliding Controlleri

ball and beam

| SLIDING MODE CONTROL-BALL AND BEAM SYSTEM |
Hinh 4: So ¢6 mo phong bo diéu khién truot phi tuyén hé thong bong va thanh

Mo hinh bd diéu khién truot c6 thé chia 1am hai phan, cu thé 1a phan tiép cin bao gdbm bé mat truot va cac
ham s ¢6 lién quan. Phan diéu khién trugt bao gom b diéu khién trugt va mé hinh hé théng bong va thanh.
Ly thuyét diéu khién truot cung cp phuong phap thlet ké bd didu khién sao cho hé thong dugc diéu khién
khong bi tac dong hay anh huong boi cac tham s6 thay ddi va nhidu tir bén ngoai hé thong. Hinh 4 trinh
bay so d6 md phong bo diéu khién trugt cta hé thdng bong va thanh. Cac tham s mo phong ciia hé thong
bong va thanh dugc trinh bay ¢ bang 1 bén dudi. )

Bang 1: Tham s6 m6 phong ctia hé thong bong va thanh.

Tham sb Pon vi Gia tri

Khoi luong bong Kg 0.5

Moment quan Kg.m? 0.7
tinh hiéu dung

Chiéu dai thanh m 70

truot
Gia toc trong m 9.8
trudong S_z

Céc két qua md phong cho viéc didu khién trugt dugc trinh bay tai hinh 5, trong d6 cac tham sb ciia md
hinh dugc lwa chon & bang 1. Hinh 5a cho thdy cac ngd ra diéu khién bam theo sy thay ddi cua cac ngd vao
tham chiéu dang budc tai trang thai 6n dinh. Tuy nhién bo diéu khién cho dap g ngd ra voi do dich chuyén
clia qua bong va thoi gian xéac 1ap 1a twong dbi cao khoang 12s. Nhu mo ta trong hinh thi qua bong dao
dong xung quanh vi tri dat 1a 10cm, vi tri dao dong cao nhét 1a 18cm va tra nguoc vé vi tri 9.7cm sau do lai
tiép dao dong vé vi tri 13cm va dirng tai vi tri dat trude d6 1a 10cm. Thém vao do hinh 5b thé hién goc quay
cua thanh trugt twong ung véi vai vi tri qua bong. Dau tién, thanh truot duoc ha xuong vi tri 0.037rad r6i
dugc nang Ién vi tri 0.047rad. Sau do, thanh truot lai ha xuéng vi tri 0.036rad roi nang 1én vi tri 0. 022rad
va ha xu6ng vi tri 0.002rad cho dén khi dimg lai tai thoi dlem 11s. Biéu d6 cho thiy mic du qua bong nam
tai vi tri gan mép ngoai clia thanh truot, nhung hé thong van c6 thé can bang qué banh trong thoi gian ngan
nhat.
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Hinh 5: Vi tri vién bi va goc léch thanh truot dat tai 10cm.

Hon thé nita, dé minh chung cho hé théng diéu khién trugt hoat dong on dinh tai bat ky vi tri nao trén thanh
truot thi nhiéu vi tri qua bong khac nhau duge gia dinh va mé phong. Hinh 6a cho thiy vi tri qua banh bi
dao dong xung quanh vi tri dat 30cm. Thoat dau qua bong dich chuyén xa hon vi tri diém dat 1a 13cm tic
la 43cm tinh theo d¢ dai thanh trugt. Sau d6 bong tra vé vi tri 27cm va dung tai vi tri 30cm ¢ thoi gian la
7s. Kém theo d6 1a hinh 6b thé hién goc quay thanh trugt trong tmg dich chuyén tir vi tri ban déu 1a Orad
roi ha xuéng cho dén 0.09rad. Sau d6 thanh truot duge nang 1én vi tri 0.12rad 1oi ha xuéng vi tri 0.07rad.
Cudi cuing thanh trugt dwoc nang 1én vi tri 0.03rad va dimg chuyén dong tai mit phang nim ngang Orad &
thoi diém 6s. Nhu vay co thé két ludn rang, tai vi tri gin giira thanh trugt qua bong da duoc can bang trong
thoi gian ngén nhit nang luong 1 t6i wru nhét.
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Ball position Beam Angle (pos 30cm)
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Hinh 6: Vi tri vién bi va goc 1éch thanh trugt dat tai 30cm.

Hon thé nita, dé cling cb su virng chic va linh hoat cia hé théng, nd c6 thé hoat dong on dinh tai nhiéu Vi
tri khac nhau trén thanh truot. Qua bong hay vién bi duge moé phong chuyén dong tu do trén thanh truot tir
dau thanh cho dén cudi thanh va co thé dung lai tai bét ky vi tri ndo nhu mong mudn. Hinh 7a md ta su
chuyén dong cua vién bi khi vi tri dat 13 50cm gan véi ria ngoai bén phai cua thanh truot. Ban dau, qua
bong chuyén dong vé phia phai cua thanh truot xa hon vi tri diém dit 1a 67cm va lin trd vé phia bén tréi
cua thanh truot 1a 48cm. Sau do dung lai tai vi tri diém dat & thot diém 1a 7s. Song song do, goc 1éch thanh
trugt twong tng ciing duge hién thi qua hinh 7b. Hinh ndy mé ta goc quay ctia thanh truot trong qué trinh
chuyén ddng cua qua bong cho dén khi dat dugc vi tri mong mubn. Thoat tién, thanh trugt ha Xuéng mot
goc nhé 0.15rad sau do dugc nang 1én 0.2rad dé dua vién bi dat t61 vi tri 67cm. Ké dén, thanh truot ha
xuéng mot goc 1a 0.11rad va xac 18p tai vi tri can bﬁng & thoi diém 6s. Do d6, hé théng da nhanh chong dat
dugc vi tri can bang trong thdi gian nhanh nhét va ti wu nhat.
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Hinh 7: Vi tri vién bi va goc 1éch thanh truot dat tai S0cm.

10

15

Diéu khién ty 1¢ - tich phan - dao ham (PID) 1a thuét toan diéu khién duoc sir dung nhiéu nhit trong cac
nganh cong nghiép. B diéu khién pho bién PID c¢6 hicu suat diéu khién manh mé trong cac di€u kién khac

nhau va co cau triic don gian.

F—DQ—D Emor PID_Output
Ball position desired

PID controller

Ball and Beam System

Ball position

Beam_angle

| PID CONTROL-BALL AND BEAM SYSTEM

Hinh 8: So d6 khdi md phong b diéu khién tuyén tinh PID ciia hé bong va thanh
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Thuat toan PID bao gf”)rn ba tham s co ban Kp ty 1¢, KI tich phan, Kd dao ham dugc thay dbi dya trén kinh
nghiém dé c6 dugc phan hoi tdi wu nhét. Bén dudi 1a so d6 khdi mo phong bo diéu khién tuyén tinh PID
ctia hé bong va thanh. M6 hinh bo diéu khién tuyén tinh PID mo phong bén trén cho thiy nguyén tic hoat
dong cua hé thong. N6 cho thiy mot bo diéu khién lién tuc tinh toan mot gia tri 15i (Error) 1a sy khac biét
giita diém dat mong muébn (Ball position desired) va tin hiéu dau ra (Ball position). Trong d6 bién quy trinh
do dugc PV = Ball position x Error (Ball position desired — Ball position) va dat mét phép hi€u chinh dua
trén cac ham ty 1€, tich phén, dao ham. B6 diéu khién phai giam thiéu 15i theo thoi gian bang cach didu
chinh bién diéu khién (PID_Output) nham tac dong 1én gdc quay ciia thanh truot sao cho vi tri ctia qua bong
dat toi diém dit mong mudn.

SMC Ball position PID (Ball position)

0.45 0.4
Ball position desired | | | |77 Ball position desired
| Ball position | Ball position
0.4 0.35 ===
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0.25} 7
E0.25 4+ E
c c
. o 02F 7
S 0.2 4+ &
o o
015 .
0.15 7
01F .
0.1 y
0.05 . 0.05 l
O 1 1 O 1 |
5 10 15 0 5 10 15
Time (s) Time (s)
(@) (b)

Hinh 9: Pap tmg ngd ra vi tri qua bong cua hé théng (SMC) va hé thong (PID).

Nham minh chung cho hiéu suit hoat dong cua bo diéu khién 1a t6i vu nhat khi hoat dong tai bat ky vi tri
nao hodc khi so sanh véi cac bo didu khién khac nhu bd diéu khién tuyén tinh PID ching han thi két qua
md phong ctia bd diéu khién truot phi tuyén s& dugce sir dung nhim so sanh va dua ra dap ung t6t nhit. Theo
két qua hinh 9a, sy dich chuyén ciia qua bong dugc md ta 1a dao dong xung quanh vi tri diém dit mong
muodn 35cm trude khi roi vao trang thai xac 1ap 6 on dinh. Pay 1a két qua mo phong cia bd diéu khién trugt
phi tuyen duogc dua ra dé so sanh voi sy dich chuyén cia qua bong do bd diéu khién tuyén tinh PID tao ra.
Ban dau, qua bong chuyén dong vé phia phai ciia thanh trugt xa hon vi tri diém dat 1a 42cm va ding lai tai
vi tri diém dat ¢ thoi diém 1a 7s. Song song do, két qua dich chuyén ctia qua bong do bd diéu khién tuyén
tinh PID tao ra ciing duoc hién thi théng qua hinh 9b. Luc dau, qua bong dich chuyén tir vi tri Ocm va dan
tién dén vi tri dat mong mudn 35cm ma khong c6 sy dao dong nao xay ra. Theo két qua md phong cho thdy
dap (g ngd ra vé vi tri cua bd diéu khién PID so vé6i dap tmg ngo ra cua bd diéu khién SMC 12 t6t hon do
khong c6 bat ky su dao dong nao so véi vi tri diém dit mong mudn.
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Hinh 10: Pap tmg ngd ra goc léch thanh trugt cua hé thong (SMC) va hé thong (PID).

Ngoal ra, dap (g ngd ra goc 1éch thanh trugt cta hé théng (SMC) va hé thong (PID) twong mg cling dugc
hién thi qua hinh 10. Hinh nay mé ta goc quay ctia thanh truot cua ca hai hé thdng trong qua trinh chuyén
dong cua qua bong cho dén khi dat duoc vi tri mong mudn. Pau tién, hinh 10a trinh dién qué trinh dich
chuyén cua thanh truot ha xubng mét goc nhé 0.12rad sau d6 duge ning 1én 0.13rad dé dua vién bi dat t6i
vi trf 42cm. Ké dén, thanh truot ha xuéng mot goc 1a 0.03rad va xac 1ap tai vi tri can bﬁng & thoi diém 7s.
Tiép theo, hinh 10b biu dién goc quay thanh trugt twong tng ctia hé thong diéu khién tuyén tinh PID. Méi
dAu, thanh truot ha xuéng mot goc tuong tu 1a 0.15rad, sau d6 dugc nang 1én mot goc 1a 0.06rad va xac lap
tai goc can bang cua hé thong.

Cic yéu to so sanh | B diéu khién | B diéu khién
SMC PID

Do vot 10 10% 0%

Sai s0 xac lap 0 0

Thoi gian dap ing 7s 4s

Thoi gian 1én 3s 2.55

Nhin chung két qua mo phong cho thay tin hi¢u dau ra bam theo dau vao tham chleu rat hiéu qua. Tir so
sanh trén hinh 10, c6 thé noi bo diéu khién tuyén tinh PID cho hiéu suét dau ra t6t hon b6 diéu khién phi
tuyén SMC. Theo bang 2 thi két qua so sanh gitra hai bd diéu khién SMC va PID vé nhiéu mit dugc trinh
bay cu thé nhim xac dinh dau 1a bo diéu khién phu hop trong viée diéu khién hé thong phi tuyen nay. Sy
phan hdi nhanh rit quan trong dé hé thong bam dudi dau vao thay doi kip thoi nhdm can bang vi tri qua
bong trén thanh truot. Vi 1y do nay, bo diéu khién truot SMC duoc dé cap trong bai bao nay la sy lya chon
phti hop nhat.
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5 KET LUAN

Trong bai bao nay, chiing ta di tap trung xdy dung bo didu khién trugt phi tuyén cho md hinh bong va
thanh. Pau tién, dong luc hoc hé thong phi tuyén da dugc phat trién theo dang Larrange. M6 hinh dong bao
gdm ba thanh phan chinh: mé hinh dong co servo, d loi chuyén doi goc va dong luc ciia qua bong trén
thanh truot. Tiép theo dong luc ctia hé théng da duogc tuyén tinh hoa va dat dugc do 6n dinh cuc bo tai diém
can bang Theo két qua mé phong cho thay bd didu khién duoc thiét ké hoat dong tét. Bo didu khién truot
phi tuyen mang lai hiéu qua diéu khlen t6i uru cho cac hé thong c6 dong luc hoc phuec tap, trong khi bo diéu
khién tuyén tinh PID thi chua du t6t dé dicu khién hé bong va thanh hoic khi hé thong la cac phuong trinh
dong hoc phi tuyén phirc tap. Ngoai ra tinh bén viing ciia by diéu khién duoc thiét ké véi cac tham sb va
nhiéu ngd vao tuong tmg khac nhau dé kiém tra, danh gia chat luong hoat dong ctia hé thong. Trong twong
lai, chung toi s€ xem xét thiét ké bo diéu khién thich nghi va so sanh chét lugng hoat dong ctia n6 voi bo
diéu khién truot da duoc dé xuat.
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BUILDING SLIDING MODE CONTROLLER FOR BALANCING NONLINEAR BALL
AND BEAM SYSTEM

BOC MINH HUNG
'Faculty of Electrical Engineering Technology, Industrial University of Ho Chi Minh City
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Abstract. In recent years, many subjects have been interested in designing controllers for nonlinear model
systems for testing various control algorithms. Many education nonlinear system models are unstable. The
complete system in this paper includes a ball, a beam, a motor, and several sensors. The torque is generated
by the motor to control the position of the ball and beam system, where the ball rolls freely on the beam. A
control law is developed, and asymptotic stability based on sliding surface. The purpose is to design a
controller for the ball position with the optimal energy and minimum overshoot. To illustrate the efficiency
of the proposed controller, the simulation results at different working points are demonstrated and compared
with other controllers. Finally, the control algorithms are compared together to recognize the best solution.
Keywords: Ball and Beam, sliding mode control, nonlinear control, trajectory tracking control, control
theory.
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