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Thiét ké bp diéu khién PID du béo véi cira 56 dur bao vo han dé
dieu khién thich nghi hé truyén dgng banh ring
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Tom tit

Bai bao gidi thieu mot phuong phap thiét ké bo diéu
khién PID dy bao dé diéu khién bam hé truyén dong
qua banh rang. Khac véi nhitng bo diéu khién PID dy
bao trudc day véi cua s dy bao hiru han, bo dicu
khién PID du béo giéi thiéu trong bai bao nay c6 cira
s6 du béo 1a vo han. Diéu nay gitp cho né khong can
phai c6 thém ham phat trong ham muyc tiéu ma van
dam bao duoc tinh én dinh caa hé kin. Hon thé nita,
do c6 cira s6 du béo vo han nén khi ap dung cho ddi
tuong truyén dong banh ring rang, so lwong cac phép
tinh phai thyc hién giam bét dang ké, gian tiép lam
tang toc do xir ly cua PID thich nghi.

Tir khéa: Chinh dinh PID; Piéu khién du béo; Cira
s6 duw b&o vo han; Quy hoach dong.

Abstract

The paper proposes an approach to design a PID
controller for tracking control gearing transmission
systems. Unlike all previously presented predictive
PIDs with finite horizon, the here proposed predictive
PID controller uses an infinite horizon. That helps this
PID controller still ensuring the stability of closed
systems without using an additional penalty function
in the objective function as usual. Moreover, with the
infinite horizon and by applying to control gearing
systems, the number of calculating operations is
reduced, which indirectly increases the processing
speed of adaptive PID controller.

Keywords: PID tuning; Model predictive control;
Infinite horizon; Dynamic programming.

1. batvan de

PID 14 bo diéu khién duoc sir dung phé cap nhat
trong cac thiét bi ty dong cong nghiép. Theo [1] thi c6
dén hon 95% thiét bi diéu chinh ty dong trong cong
nghiép 1a PID. Do d6 bat cir mot sy cai thién nho nao
vé chat lugng diéu khién cua PID ciing déu c6 thé dua
dén nhitng hiéu qua cao vé kinh té va ning suat lao
dong. Ciing chinh vi ly do d6 ma ngay nay sd cac
phuong phap thiét ké va chinh dinh tham sb PID la rat
nhiéu va kho co thé thong ké ching duoc day du chi
trong mot quyén sach tra ctu dwdi nghin trang.
Nhirng phuong phap da duoc phd cap ndy bao gdm ca
cac phuong phap don gian nhu Ziegler-Nichols, ti wu
modul, t6i wu ddi xung ... [2],[3] cho dén cac phuong
phap hién dai hon c6 kha nang ty chinh dinh thich
nghi bén vimg nhu PLL (phase-look loop), MS
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(maximum sensivity)... [1] hay PID m¢, PID-ML
(multi loop), PID-GA (genetic algorrithm), PID chinh
dinh trong khong gian con... .

Chinh vi sy c6 mat rong rdi mang tinh phé cap
trong cong nghiép nhu vay cua bo diéu khién PID ma
bat cir mot thanh tuu tién bo nao cua cac nganh khoa
hoc lién quan khac nhu vat lidu, tin hoc, t6i wu hoa...
cling déu duoc 4p dung dé cai tién, nang cao chat
lwogng 1am viéc cho PID. B diéu khién PID dy bao
gioi thiéu trong tai liéu [2] 1a mot vi du.

Ciing trén nén diéu khién du bao [4] nhung khac
v6i bo diéu khién PID da duoc gisi thiéu bai [2] véi
cira s6 du bao hiru han, bai b4o nay s& dé xuat mot
thuat toan lam viéc cua bo diéu khién PID du bao co
kha nang tu chinh dinh tham sb trong cira s6 du béo
v6 han. Nho d6 tinh bam 6n dinh theo quy dao mau
dat trugc cua hé diéu khién luon duge dam bao ma
khong can phai st dung thém ham phat, vén cho téi
t6i nay van chua c6 dugc mot goi ¥ tong quat hop ly
nao cho viéc chon chung.

2. Thiét ké b diéu khién PID duw bao

2.1 Chuyén bai toan diéu khién bam thanh bai
toan dieu khién on dinh

Cocau |,
chinh dinh | S
@
P 2
w — u;. | Hé tuyén ,
] PIDKnong | Pl o khong |1
_Te : lién tuc

Hinh 1: So d6 hé diéu khién six dung PI1D

Hinh 1 biéu dién minh hoa hé¢ diéu khién co sur
dung bo diéu khién PID cho dbi twong tuyén tinh lién
tuc ndi chung. Bo diéu khién PID nay dwoc md ta
trong mién thdi gian lién tuc bai:

de(t)\\
it ) @

u(t) =k Le(t)+—fe(r)d +Ty

vé6i batham s k,,7;, T, can dwoc xac dinh dé hé kin

¢6 dugc chat lwgng mong mudn ma trudc tién 1a tinh
6n dinh va kha nang dau ra y(¢) bam theo duoc gié tri
dat w(t) & dau vao, tic 1a co dugc chat lugng:
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lim e(t) = 0

t—o0
Véi

e=w—y vVa |e(t)| <o, Vt.

Néu chuyén sang dang khéng lién tuc tuong
duong véi chu ky trich mau 7, , thi tuy theo cdng
thirc xap xi duoc sir dung thanh cho phan tich phan c6
trong (1) ma ham truyen cua bg dieu khién PID khong
lién tuc c6 thé & mét trong ba dang sau [3]:

T, N Tph(z-1)

T,z . Tph(z-1)
T (2-1) Tz

T, (z+1) +TD(z—1)}

GP|D(Z) = kp 1+

Gpp(2) =k, | 1+

2T (2-1) T,z

Tét nhién tat ca cac dang trén déu biéu dién duoc
& mién thoi gian theo cau tric chung nhu sau:

GP'D (Z) = kp 1+

w, = ey +hopey +ka®y =zl p 2

trong do:
k-1
Q=2 e=Ppg+ep
i=0

ap =(ep1. e . D)

T
p= (lﬁ vk k@)
va p lic nay la vector chira ba tham s6 twong tng can
xac dinh cia bo diéu khién PID sb.

Vige xéc dinh céc tham s6 PID dé hé kin c6 dugc
chat lugng mong muon hoan toan phu thugc vao doi
tuong dugc dieu khién. O day ta gia thiet doi tuong
dugc diéu khién la hé SISO (mot vao - mot ra), co tré,
tuyén tinh, mé ta boi:

b,z ™+ e +b,27" Y(z

G = m2 Y@
I+qz "+ - +a,z U(z)

trong d6 b, ..., b,, a, ..., a, voi b, #0 la cac

tham sé mé hinh d6i tugng.
Néu viét lai m6 hinh ham truyén trén tryc tiép
trong mién thoi gian, ta s¢ cd:
Yt @Ypa+ - TV =
= bmuk—m + ot bnuk—n
va diéu nay 1a trong duong véi:
€ =W — Yk
n n
=wp + 2 ay— — 2 biw 4)
=1 i=m
Tiép tuc, khi st dung ky hiéu:
n n
Sp =Wy, Faqwyg + X oy — X by
=2 i=m+1
= wy, +agwy g +a’ y-b'u

trong do:
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QZ(GZ L] a’n T"
b=Oper s -0 b))
. ®)
U= (Ut o e s W)
Y=z s s Gpn)’

thi khi két hop cuing véi (2), md hinh trong mién thoi
gian (4) trén tro thanh:

T
e = Sp — €1 —bpUy_p, =S —@mep_1 by, LpqP
_ -b T
="We mZr1Vk—1
trong do:
V1 =P~ P, ©)
Voi P, la nghiém cua:

boal =-s
mZp1P) = Sk

Suy ra:
(ek—l\ ( €r-1 \
T
T, ={ € | =| Sk — M€ —bmfﬁklEJ
O D1 +e
T
(0 1 0) [o" )
= LO -y OJ Ty gt _meZ—l Uk-1
0 1 1 o
= Az 4+ B(z)_1)v,. 4 ™
co
0" =(0,0,0), u =p=p,
va:
T
(0 1 0 (0" )
A=|0 -a 0|, B(z,_y)= _bmgg—l (®)
0 1 1 o

Nhu vay, vai md hinh (7) cua sai 1éch bam trén thi
bai toan chinh dinh vector tham sé p cho b diéu

khién PID sao cho hé kin dat duoc chit luong bam 6n
dinh theo gia tri w,, dat trudc la twong duong voi viéc
diéu khién 6n dinh hé song tuyén (7).

2.2 Xay dung nguyén tic lam viéc cho bj diéu
khién PID du béo cé cira s6 du bdo v6 han

. cira 56 dur béo hién tai ¢6 dg réng 1a vo cling

|
|
k k+1 t/T,
O thoi diém hién tai:
- Pacoe, i=0, ...,k

U, Y, 4=0, ..., k-1

— Nhiém vy: Xac dinh p vatir dola

Hinh 2: M6 ta nguyén ly chink dinh du bao
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Hinh 2 m6 ta nguyén 1y chinh dinh du bao tham $0
PID cho hé tuyén tinh noi chung va hé truyén dong
banh rang noi riéng. Nguyén ly ndy lam viéc nhu sau:
— O thoi diém £ hién tai va théng qua viéc do cac

gid tri tin hiéu trong qué khir va khi da co duoc cac

gia tri:

€Z‘, 7/:0, vee k

u, Y, 4=0, ..., k-1
thi ciing ¢ chinh thoi diém d6 ta hoan toan c6 thé
thay the mé hinh song tuyén (7) bang mot m6 hinh
tuyén tinh tham sé hang:

Ty = Az + By )
trong do:

By, = B(z},)
Viéc thay thé nay 1a hop Ié, vi ¢ thoi diém £ hién
tai, do d& c0 tht ca cac gia tri ¢;, i=0, ..., k va
U, Y, =0, ..., k=1 nén cling c6 z;, 55,4, tIC

lacé B(z;) va Py
Ngoai ra, nghiém P cta phuong trinh:
by zp Piyg = Sk1

ludn ton tai néu co ‘;& 0, tham chi con c6 thé

la vo sb. Chang han nhu.
T

Py =(0,0, =54,/ (0,®})) (10)

la mot nghiém ctia n6 néu nhu ¢6 b, = 0.
- Tiép the9, dé xdc dinh v, , ta sir dung phuong phap

diéu khién t6i wu (rng v6i ham muc tiéu:

W)= %[l Gz, +v] Ryw, [>min ()

i=k

Voi @, R, 12 hai ma tran d6i xting xac dinh
duong tuy chon.
Viéc chon ham muc tiéu (11) Ia hoan toan phu hop
Vi cira s6 du béo tai thoi diém & c6 do rong bang
vO han nhu mé ta & hinh 2. Hon thé nita, theo [3]
thi ciing ¢ thoi diém % hién tai va khi duoc diéu
khién toi wu voi ham muc tiéu (11), hé LTI thay thé
(9) chéc chin s& 6n dinh tiém can, tic 1a chic chin
s€ o z;, -0, dodd clingco e, =wy, —y;, >0.

— Su dung phuong phap quy hoach dong Bellman ta
c6 nghiém v, cta bai toan tbi wu (11) nhu sau:

(R, +B'1,B,) " BlL,4
)+ By LyBy | By LAz, 12)
trong d6 I, 1a nghi¢m déi xing xac dinh duong

ctia phuong trinh dai sé Riccati cho trudong hop hé
khong lién tyc:

-1
I, =Q+ AL A-A"L,B, (R, + BIL,B,) B{L,A
— Cuoi clng, tr v, cua (12) ta c6 p=uy, +p,,, Va
cung vai no la:

_.T
Uy =2 p
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2.3 Thuat toan PID du béo véi cira s6 dw bao vo

han
Hinh 3 1a so d6 khdi hé diéu khién st dung PID dy

b&o, bao gdm ca co cau chinh dinh tham s6 p. So do

nay 1a hoan toan twong duong véi so d6 da duoc trinh
bay ¢ hinh 1 truéc day, nhung dugc chinh sira gon lai
biang viéc ghép chung khéi chinh dinh vao cung voi
bo diéu khién, nhim [am cho né phu hop hon véi cdu
trdc thuat toan dugc mé ta duéi day.

@
'LUk — gl =
— 3 Bodieu Uy, | Hé tuyen Yr
khién PID p{ tinh khéng >
dw bao lién tuc
Zfl
_1L
2T

Hinh 3: Cdu trac hé diéu khién siz dung PID du béo.

Nguyén ly 1am viéc caa bo diéu khién PID du bao

trong hinh 3 véi cac buéc tinh da dugc xay dung &
muc trude do, ¢d cau trdc vong lap nhu sau:

. Khai bao cac mang dir liéu:

z=(z,, 25 , $3)T
T T
=(u oo up) s Y= s Ypa)
trong d6 n 1a bac mo hinh d6i twong diéu khién.
Sau nay cac mang dir liéu z, u, y trén s& luu gilr

cac gia tri do duoc tir hé thdng ¢ budc the k véi
trinh ty nhu sau:

T =€, Ty =¢, 13 =Dy

U = Uiy Y = Yppaip 0=1 o m =1

. Gén céc gia tri khoi phét:

z=0,u=y=0vak=0.

. Chon hai ma tran ddi xung xac dinh dwong Q, R

cung co kich thudc 3x3. Day cling chinh 1a hai
ma tran @),, R, c0 trong cong thuc (11) nhung da
duoc viét gon lai thanh @, R vi trong thuat toan
chtng luén dugc cap nhat theo vong lap & .

. Do¢. Sép xép lai mang z nhu sau:

Zl"/l ::Z'z, Ty =€, T3 ::1'3 +€k
T3 =0 thi chuyén téi budc 10.

s=wy +aw g +a y-bu

V6i a, b cho bai (5) va {w,} la day gia tri dat
cho trugc. Lap ma trén:

(0 0 0
B:L—bmxl b, —bmx3J
o o0 o0

. Néu cap ma tran (A,B) véi A cho boi (8), 1a

khong diéu khién duoc thi chuyén téi budce 10.
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8. Tim nghiém L dbi xing xac dinh dwong cua
phuong trinh Riccati khong lién tuc.

-1
L=Q+ATLA —ATLB(R + BTLB) BT LA

va tir do tinh:

L 0
p= —(R+BTLB) BTLAng[ 0 J
_s/(bm$3)

O @6, cong thirc xac dinh tham s6 PID p nay la da
dugc lay tir quan h¢ (6) va (10). Ngoai ra, ma tran
L, trong (12) nay dugc viét ngan gon thanh L vi
no ludn dugc cap nhat lai theo vong lap k.

9. Pua tin hiéu diéu khién & thoi diém & hién tai:
g = z'p
vao diéu khién dbi tuong.

10.Do ;. va sap xép lai hai mang u, y nhu sau:

U =g, Y =Y, t=n-1 0,2

W =U, Y=Yy
11.Gén k:=k+1 va quay vé budc 3.

bac biét, trong thuat toan PID dy béo trinh bay ¢
trén, khi ma hai ma tran Q,, R, dugc chon Ia hang sb
cho moi budc dich chuyén cira s6 dieu khién & , thi ¢
budc 11, thay vi quay vé budc 3 ta chi can quay vé
buac 4.

3. Ap dung vao diéu khién hé
truyén dong qua banh rang
3.1 M6 hinh khéng lién tuc xap xi tuyén tinh cia
hé truyén dong banh rang
Dé minh hoa thuat toan PID du béo dugc dé xuit,
sau day ta s& ap dung nd cho bai toan dieu khién hé
truyén dong qua banh rang véi md hinh tong quét lay
tur tai liéu [5] nhu sau:
{jﬂﬁl +erfy €08% @y (g1 + o) = My — M, (13)
Toghy —Crfp 0% ap (o + i) = =M, = M,
trong do:
_ [c &chO® " nkhip
Cc= ~
0 échO®khehé
va:
~ Jy=Jy+Jy véi J, la moment quan tinh cua
dong co dan dong, J; 1a moment quan tinh cta
truc va banh rang dan dong,
— 771, 772 14 ban kinh vong tron lan cua banh rang
dan dong (banh rang 1) va bi dong (banh ring 2),
— @, goc dn khop cua hai banh rang, va ciing la dai
lugng danh gia khe hé gitra cac banh rang,
— ¢ la dai lugng danh gid d ciing cuia banh rang,
— M, lamoment dat va M, la moment can,
- M,4, M, 12 chc moment ma sat trong cac &

m

do truc,
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— gy =1y [ 1y VA iy =15y | 1 12ty 86 hai ban kinh

Cua cac banh rang.

M0 hinh (13) trén duoc goi 1a md hinh tong quat
Vi nd chira dung day du cac anh huong cua bien dang
vat liéu thong qua tham s6 ¢ va hiéu thg mai mon
vat liéu tao ra khe h¢ gitta cac banh rang thong qua
goc &n khép «; cling nhu cac tap nhiéu, md ta dudi
dang ham bét dinh, tac dong 1én hé théng bao gom
moment tai M, (nhi€u dau ra) va moment ma sat
M, 4, M, ., (nhiéu h¢ théng).

Néu nhu ¢ day ta co the gia thiét thém Ia cac
moment ma sat chi phu thudc vao toc do:

Mﬂ]ﬁl = 7/1¢)_|. va MmsZ = 71¢2
cling nhu h¢ dang ¢ (;hé do lam viée c6 cac banh rang
gan an khadp, dugc xap xi béi ¢ ~ ¢, Vi két hop thém
hién tuong tré dau vao u(t—r7) = M, ¢6 7 du nho dé
bui cho sur xap xi nay, thi véi céc ky hiéu bd sung :

erficos?ay =c.q, cr?ycosiay =c.,
mo hinh tong quét trén s& viét lai dugc thanh:

{m gt ea@tie) =ult-n)
0@y + 7202 — 0 (@y +ipyp) + M, =0

_Tiép theo, tir phuong trinh thtt hai va khi h¢ Ia
bién d6i khéng nhanh dé co:

#,=0
ta sé dugc vai M, =0

{szizl(ﬂl ==C,00 + 7202
Col1PL = —C,o0

- sziz{(/.)l]:(_czz 72 )[("2)
%1 0 - )\
-1
-Gl 21
%) 0 —cp (%]

_ M(—%z ~72 J[%j
szz 0 —C;2 (pl

Tir d6 suy ra:

P2 =B+ oy (15)
trong do:
. C,ol1)"
By =—ipy, fp = —2222 51 2
Cz2

1a nhitng tham s6 hang. ’
Thay nghiém (15) nay vao phuong trinh thir nhat
trong (14), s€ dugc:
u(t—7) = Jyd + 1y +
+eal @+ (Ao + Bt ]
=Ly +(n+canaBo )i +ea (1+ifB) e
Str dung ky hiéu y = @, cho tin higu dau ra ta dén

dugc ham truyén lién tuc mo ta md hinh x4p xi tuyén
tinh cua hé truyén dong banh rang (13) nhu sau:
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Y(s) ®yls)
®y(s) (o)

voi Y (s),®,(s),U(s) la anh Laplace cua y, ¢, u,

ﬂ.l. + ﬂZS -78
(&

0!182 + (25X} +a3

G(s) =

o = jl

ay =11 +canafr Va oy =c,y (L+ip /)

Cudi cuing, khi chuyén sang dang khéng lién tuc
tuong (g Vvéi chu ky trich mau 7, = va tin hiéu
dau vao c6 dang hing so timg doan, ta s& dugc ham
truyen khong lién tuc co tré twong duong nhu sau:

=] 2
()= 2{G(s)) =22 Fl22 ~

1+ 012_1 + azz_z

(16)

trong d6 cac tham sb hang b,b,,ay,a, duoc suy ra
mot cach tuong tng tr oy, a, 03 Va B, f,.

3.2 Két qua md phéng

Trong qué trinh md phong véi md hinh xap xi
tuyén tinh (16) & trén, cac anh huéng coa sai léch mo
hinh sinh ra boi xap xi tuyén tinh ciing nhu anh huong
caa moment can M, & dau ra s& duoc minh hoa bang
nhitng tac dong nhidu on tring ¢ dau vao va dau ra
cua hé. Ngoai ra, khi so sdnh véi md hinh thich hop
cua thuat todn PID du béo 1a ham truyén trong cong
thirc (3) thi & day trong mé hinh x4p xi tuyén tinh nay
conco m=1.

Hinh 4 13 két qua md phong duoc thyc hién véi
céc tham s6 cu thé ciia md hinh (16) la:

n=2 =2 b=1vaqg=a,=05

a) 1L

) R—

c)

1

Hinh 4: Két qua mod phong khi khong co nhiéu va khi c6
nhiéu én trang ¢ dau ra
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Chi tiét hon, hinh 4a) 13 so d khdi thuc hién mo
phong duoc xay dung trén MatLab. Hinh 4b) 1a két
qua md phong thu dugc khi khdng cé nhiéu tac dong
cling nhu d6i tuong diéu khién c6 trang thai dau la
(2, 0), trong d6 dudng nét lién 1a d6 thi tin higu dau
ra thuc c6 ciia hé g, va dudng nét roi biéu dién day
gia tri tin hiéu miu cho trugc ¢ dang tin hiéu diéu
hoa hinh sin:

wy, =sin(L02k) 17)
dé tao ra qua trinh dao chiéu quay lién tuc trong hé.

Hinh 4c) 1a két qua md phong khi hé c6 nhidu 6n
trang tac dong ¢ dau ra duoc phan hoi vé véi cling tin
hiéu dat trude 1a (17). Tur két qua md phong nay va
khi dugc so sanh véi truong hop khdng cd nhiéu ¢
hinh 4b), ta hoan toan khang dinh duoc rang bo diéu
khién PID thich nghi cua bai bao da khang duoc tot
nhiéu dau ra c6 1an trong tin hiéu do.

Hon nira, khac véi nhitng bo diéu khién PID théng
thuong khac, bo diéu khién PID dy bao nay di khong
tao ra hiéu tng sai léch gc pha & ché do xac lap khi
dau vao la tin hiéu diéu hoa nhu & cdng thic (17).

4. Kétluan

Bai bédo da nghién cuu xay dung dugc bd diéu
khién PID tu chinh dinh tham s6 theo nguyén ly diéu
khién du bao véi cira s6 du bao vo han. Bo diéu khién
PID nay cling da dugc bai bao ap dung thu nghiém
trén hé truyén dong banh rang véi m6 hinh Xap xi
tuyén tinh c6 tré va nhidu dau ra minh hoa tac dong
caa moment tai M, dé danh gia chat lugng thich
nghi. Két qua mod phong trén MatLab cho thay bo diéu
khién PID du bao dé xuat ndy c6 kha ning khang
dugc tdt loai nhidu do ¢ dau ra va khong tao ra hiéu
{rng sai léch géc pha & ché d6 xac lap.

Tuy nhién, dé danh gid mot cach day du hon nira
vé chat luong thich nghi cua bo diéu khién PID dugc
dé xuat, bai bao ciing da tiép tuc thuc hién md phong
cho trudng hop hé truyén dong banh rang c6 nhidu 6n
tring ¢ dau vao. Hinh 5 1a két qua mé phong thu duoc.
N6 cho thdy kha ning khang nhidu dau vao cua bo
PID thich nghi nay Ia rat kém, trong khi loai nhidu
nay lai rat dé duoc loai bo nhd nguyén 1y diéu khién
thich nghi theo md hinh mau [3]. Tir day, bai toan két
hop bo diéu khién PID dy bao voi diéu khién thich
nghi theo md hinh miu nhim nang cao hon nira kha
nang thich nghi cho bo diéu khién s& la nhiém vu
nghién ctu tiép theo cia nhdm tac gia.

Hinh 5: Két qua mo phéng khi ¢ nhiéu dau vao.
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