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‘ Thiét ké bo diéu khién tir chinh thong so
PID trén co so hé ludt

L& B4 Diing

Vien cong nghe thong tin

I. Mg dau o

PID la bd diéu khién duge st dung rong rai trong di¢u khién cic qué trinh cong
nghiép néi chung va trong diéu khién cde qué trinh céng nghé nai riéng.. Vi du
nhi trong diéu khién cac robot cong nghiép, cic robot dung trong y h(_)c, cac co cau
chap hanh théng minh. Trong thwe té khi diéu khién, cic théng s6 cia hé thong
thuong xuyén thay doi, cdc bo diéu khién PID théng thuong khéng dap tng diéu
khién dwge nhirng truong hop nhu vay. Su dung bé diéu khién PID thich nghi hay
tir chinh dap irng dugc mot sé yéu cau & trén, nhung trong truong hgp nay ta ciing
phai xuat phéat tir mot yéu cau thue té la phai xay dung mé hinh toan hoc cia hé
thong that chinh xdc. Thue té nhiéu khi khong dap ing duye cac véu can dé bdi
16 hé théng trong nhiéu trudng hop khé ma mé ta bdi mét mé hinh toan hoc chinh
xac hodc hé chiu tic dong nhiéu ma ta khong thé xic dinh duge.... Thiét ké ho
diéu khién ty chinh (DKTC) théng s6 PID trén co s& hé luat (IIL) thoa man dugc
nhirng yéu cau trén. Trong [5] da thiét ké ho DKTC thong s6 PID trén co s& 1L
duge xay dung theo sai léch diéu khién va sy thay doi cda sai léch trong hai thoi
diém cit mau lién ti€p nhau. Trong [6] cling thiét ké bd DKTC thong s6 PID trén
co 56 luat duge xay ding theo thay doi cia tin hiéu diéu khién & thoi diém sau so
véi thoi diém trude. Nhin chung cdc tac gia déu xay dung cac luat dudi dang “if
. and ... then ...”.

Trong bai bao nay néu viéc thiét k& bo DKTC thong s6 PID trén co s& HL sw
dung hé m& nhiéu théng sé (multivariable fuzzy system [8]) véi ba dau vao la do
quéa diéu khién (overshoot) ti s6 (damper) xem hinh 3, thai gian dat 6n dinh dau
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tién gia tri 2% tin hiéu chu dao (setlling time) va ba dau ra la cic hang O K, Ti, Td
cia bd DKTC, céc luat cia HL nay c6 cau tric dang "if ... and ... and ... then ..
and ... and ...”.

Il. Bd DKTC thong s PID trén co s& hé luat

Kinh nghiém trong linh vwc diéu khién tu dong rat la phong phi, nhirng kinh
nghiém ay cang nhiéu lén trong nhirng thap ky qua. Viéc sit nhirng kinh nghiém
ay vao diéu khién ty ddng l1a mot hoai bio, mong mudn cla cic nha lam viéc trén
linh vue tu dong. May man thay ky thuit may tinh phat trién, hé chuyén gia ra
doi da gitip cho cdc nha diéu khién hoc img dung dwoce né [2,3] vao linh virc diéu
khién. Hon thé nira [3,4] da dua nhimg kinh nghiém cla céc chuyén gia vao diéu
khién qua diéu khién m&(fuzzy control) théng qua bién ngdn ngir.

2.1 C&u triic cha bd DKTC théng 8 PID trén co s HL

Thong thuong muon thiét ké bd DKTC théng s6 can phai xay diwng mét co ciu
nhan dang théng qua mét phuong phép nhan dang nio day. Trong thiét ké bo
DKTC théng s6 PID trén co s& HL co ciu nhan dang dugc xiy dung tir hanh vi
cia déi twgng va nhing kinh nghiém cda céc chuyén gia. Co cau nhan dang gém
cac phéin sau:

+ Co s& tri thirc R S R S
+ Co ché nhan biét (Pattern recogmtxon engine)
+ Co ché suy dién (inference engine)
+ Co ché hoc (learning engine)

-

Qud trinh nhan dang thong s6 & day chinh la théng qua céc hanh vi clia déi tugng
diéu khién, céc thong tin tir dap ting ra cda hé hé ciing nhu hé kin. D6 1a viéc tlnh

toan cac gia tri ra cia dap ng ra y(t) va sai léch dieu khién e(t) g
f v

e(t) = r(t)—-y(t).',. T TR }(1);
trong do : s
r() la tin hiéu chu dao R it
y(t) la tin hiéu ra
e(t) 1a sai léch diéu khién.

i

Trong thie t&€ diéu khién céc qud trinh céng nghé, khi thay ddi tin hiéu chi dao
(gid sit theo chidu ting) thi tin hiéu diéu khién lic d6 dang & gia tri on dihh w(0y
tang 1én gia tri u(max) (gia st ting lién tuc) cho dén khi sai 1éch e(k) (sai 1éch & thoi
diém k) dat gla tri e(k) = r(k) — y(k) < e thi u(ma‘q sé dwge bién dm thanh u(mm),

thoi gian cit mau T giit gia tri u(min) cho dén khi tin hiéu ra y(t) on dinh dén gia
" tri méi cda tin hiéu chd dao r(t), c6 nghia lic d6 dy/dt = 0, xem hinh 1 va u(min) sé
duge ddi thanh u (6n d!nh). Kinh'nghiém cta cdc nha diéu khién hoc [7] cho’ thay
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Hinh 1. Sy thay d6i tin hiéu diéu khicén khi thay d6i tin hiéu ¢hi dao

2.2 Co so tni thirc
Thiét ké bo DRKTC théng sé PID phai thoa man nhirng yéu cdu coban sau:
+ Lam giam sai 1éch gitra tin hiéu ra va tin hiéu chi dao trén cg s& chinh

dinh céc thong so cia bo dicu chinh PID
+ Déap dng véu cau ¢ua ngudi thiet ké theo dap ng mong muon (user

specification)
+ Tu chinh dwge thong s6 khi ¢6 nhiéu tac dong

pad _
¥ (0

r(t) e(t o’
—-,-1? 1 Bs DX PID $ B8i tugng DK >
/
> Cd che | Cd chie
3] nhan biét qsuy dién |
. . v
Suydién md Cd sd
tri thndc

Hinh 7. So d6 cau tric cla hd PKTC thong s6 PID

Phuong trinh bo diéu khién PID ¢4 dang:

u(k) = K{e(k)+T/2; S e(k) + Td/Tle(k) - e(k - 1]}, (2)

& day
u(k) 1a tin hiéu diéu khién & thoi diém &
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e(k) la sai léch dicu khién & thai diém k
Ti 1a hing s6 tich phan

Td la hing s6 vi phan

T la thoi gian cit mau

K 1a hé s6 khuyéch dai.

Luat diung d€ chinh dinh théng sé cho bo DKTC théng s6 PID trén co s& HL
dwge mo ta dudi dang

Néu < tinh thé hay sir kién > thi < tac dong >

< tdc dong > & day c6 nghia la thay doi cac hing s6 K, Ti, Td trén co s§ < tinh
thé hay su kién > cla trang thai hay hanh vi cud déi twong diéu khién.

Néu goi OV la s6 lugng cué qué trinh-diéu khién (amount overshoot), DP la
(damping ratio), QR la ti s6 gura (<etllmg time hién hanh va setlling tlme tai thoi
diém truwde) nhw da dinh nghla o trén, th; hé luat cho bo PKTC théng s6 PID dugc
xay dyng trén tri thirc cua cac chuyén gla co dang:

If OV is PL and DP is PL then K is PL and Ti is PL and Td is NL also,
If OV is PL and DP is PM and QR is PL then K is PL and Ti is NL and Td
1s ZO also,
If OV is PL and DP is PM and QR is ZO then K is ZO and Ti is PL and Td
is PL also, .
If OVis PL and DP is PM and QR is NL then K is NL and Ti is PL and Td
is PL also,
If OV is PL and DP is ZO and QR is Pl then K is PL and Ti is ZO and Td is
7.0. '
trong do:
PL la positive large,
PM la positive medium.
7.0 la zero,
NL la negative large.

Bi€u dién ham thudc cua cac tap md PL, ZO, NL, PM, cho hing s K, Ti, Td, QP

403 2 1 0 41 42 43 44
PL. 0 0 o0 o0 0 0 3 .7 L
PM 0 0o O0 3 7 10 7T 3 0
Z0O 0 0 3 7 1.0 7 3 0 .0
NL 10 7 3 0 0 0 0 0 0

o a? . N ~ , A . v £
Biéu dién ham thudc ctia cic tdp m& PL hing 6 OV
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PL 0 0 0 0 0 0 I
Biéu dién ham thudc cia cac tap ma PL, PM, ZO cho hing s6 DP

A 2 3 4 D .6 i .8 9
PL 0 0 0 0 0 3 i 1.
T 3 0

PM © 0 0 3 g 1.0 .
Z0 0 0 3 i 1.0 .7 3 0 0

Bang 1. Ham thude cia cac bién ngon ngir

Hé luat trén duge biéu dién qua Iy thuyét tap md trong d6 quan hé mo duge tinh
theo [3]:

5 .
= \/(OVi A DP, AQRi A K; ATi; ATds). (3)
- i=1

Vay néu ta do dugce cac gia tri vao OV,, DP;,QR, ta c6 thé tinh dugc dau ra y la
vector '

y. = [K,Ti,td" = OV,..DP,.QR\.R , (4)

vi = {\/ov, A \/ov( A {{VDP, A \/DP(.) A K} ALV QR A \/QR(.)/\ 1\(.)}/\

i=1 i=1 QR i=1

{vom A Vov(,) ATy} A{\/DP: A VDP(. ATy} A {{\/QRt A \/QR(.) ATdg)}A (5)

=1 DP i=1 i=1

{\/ov, A \/ov(,) ATdi} A {VDP A \/DP(,) ATdg;)} A {{\/QR, A \/QR( yATd)}

i=1 i=1, =1
Cac thanh phan cia vector y,
K = OV oRyy \ DPioR2y \ QRioR3:

T; = OVi oRis [\ DPoRy; [\ QRioRaz ' (6)
Td = OV; oRy3 /\ DPioRa3 [\ QReoRa3

Trong do ;

5 5 5

Ry = VO‘/},f) ANy Roy = \/DP(,') AKgy R3y = VQR(,) A K
i=1 i=1 i=1
5 5

Rl'_;: \/OV(,')/\T(,’,, ;_r.“: \/DP(,)/\T( ), Ry): VQR(,)/\’I‘(,)
i=1 i=1 i=1
5, 5 5

Ry = \/oh,, ATdiy; Rog = \/ DP;, ATd;); Rsa=\/ QR ATd;

i=1 t i=1 i=1
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va V lay gia tri max
A lay gia tri min
o lay gia tri maxmin,

KET QUA MO PHONG
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Hinh 3 Tin hiéu sai léch diéu khién - -
E0-E1 b e

) Hinh 4. + D&t gia tri ban dau
Damping = ~=---=-ne-- [} Qué trinh tu chinh

2.3. Cac budc thuc hién va két qua mé phong
Dé b6 diéu khién c6 thé tu chinh céc théng s8 K, Ti, Td can phai thue hién cdc
budce sau:

- Dit gia tri ban dau K, Ti, Td cho qua trinh diéu khién theo 9]

- Tir dép ung ra cud hé dieu khién, xac dinh cdc thong s6 nhur s6 lugng qua
diéu khién, cac dinh cud qué diéu khién chua dat, thoi gian dat & dinh dau tién
(khoang 2% tin hiéu chd dao)

- Mo héa cdc théng s6 da dwge xéc dinh theo cac tap moPL, PM, ...

- Tinh toan cdc hing s6 m& K, Ti, Td theo hé luat trén va chuyén dai ra gia
tri thue

- Thuyce hién mot tac dong u(k) theo (2) véi cac hang s6 méi duwoc tao ra tir
cac bude trén

Két qua mé phéng dwge viét trén ngén ngir C. Cho déi tugng ¢é ham truyén

F(p) = Nexp(=T:p)/(Top +1), (7)

v3iTo=1;, T==05; K =1.
Hinh 4 la két qua moé phong cud hé. Qua cic dap ing trén ta thay qua trinh tu
chinh cdc théng sd duge thuc hién sau khi da ac dinh dwgc cdc gia tri vé lwong
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qué diéu khién, thoi gian dat 6n dinh. Tir d6 cho phép ta dat nhirng yéu cau vé
thoi gian dat gia tri 6n dinh dAu tién sao cho ngin nhat, 6 sai léch-y diéu khién
khi n dinh la khéng.

I, Két ludn

B DKTC théng s6 PID trén co s& HL da dwgc thiét ké va kiém nghiém qua mé
phong. Két qud trén cho thiy cé thé st dung thuat diéu khién nay vao cac ddi
tugng cong nghé khac nhau cud nhiéu nganh cong nghiép.
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Abstract

Some problems design-tunning PID controllers based on-Rule-Based control

-

- An implimentation of a selp-tunning PID Controller using Rule-besed fuzzy ez-
pert systems approached is described in this paper. The algorithm uses fuzzy logic
inferencing to adaptivity tune the parameters of the PID Controllers.



