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Nghién ctru by duw doan Smith va rng dung
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mon hoc Ly thuyet diéu Khién nang cao
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Abstract: This paper discusses the utilization of the Smith Predictor for compensating time delays in control
systems. Time delay is a factor that often undermines system stability, making it crucial to mitigate its
effects for enhanced system stability. The Smith Predictor is one mathematical model used to characterize
the structure of the delay component in a control system. This model not only elegantly describes the
structure of the delay component but also provides an intuitive explanation of the compensation process.
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1. Pit vin dé

Bd du doan Smith (Smith predictor) [1],[2] hoat
dong bang cach sir dung mot mo hinh du doan ddi
tugng diéu khién dé udc luong va dy doan tuong lai
cho hé théng Thay vi phan tng truc tiép véi dau
ra, hé thong su dung thong tin tr mo hinh dy doan
dé diéu chinh dau ra. DPidu nay gitp giam thiéu anh
hudng cua tré thoi gian va cai thién hiéu suit tong
thé ciia hé thong diéu khién [3]. Bo du doan Smith
thuong dugc 4p dung trong cc img dung ma tré thoi
gian c6 thé anh huong dang ké dén hiéu suét, ching
han nhu trong qua trinh hoa hoc, diéu khién robot,
hay cac hé thong tu dong khéac. Sy tich hop ciia mo
hinh du doan giup t6i vu hoa diéu khién va lam giam
thiéu anh hudng tiéu cuc cla tré thoi gian trong qua
trinh diéu khién.

Phuong phép kiém soat dic biét nay duoc dé xuat
boi 0.J.M.Smith khoang 50 ndm trudc va van thu hit
su cht y 16n vi d hitu ich cia nd. Bai bao nay chi tép
trung phén tich hé théng c6 mot dau vao — mot dau
ra (SISO) [4].

2. Noi dung nghién ctru
2.1. By dw dodan Smith

Tré 1a mot hién twong thudng xuyén xay ra trong
cac hé théng vat ly, hoa hoc, sinh hoc, dong luc
hoc[1]... Tré c6 thé do truyén dan, thoi gian dé nhan
dugc phan hdi trong mot hé théng cam bién yéu cau
ldy mau va phén tich, thoi gian dé tao ra tin hiéu diéu
khién... Tré 1am h¢ thong giam 6n dinh, vi vy viéc
phan tich tinh on dinh hé théng ¢6 tré 1a mot viée rat
quan trong trong cac hé thong diéu khién.

Trong cac hé thong khi dbi tugng diéu khién co
tré, by diéu khién thong thuong kho co thé cho két

qua diéu khién mong mudn. Khi d6, ching ta c6 thé
st dung mé hinh dy doan cua Smith véi phuong
phap bu tré. Y tuong thiét ké 1a dich chuyén thanh
phan tr& ra khoi vong lap cua hé théng. Hinh 2.1 1a
hé thdng diéu khién co thanh phan tré (e~T%) nim
bén trong vong lap. Dé dich chuyén thanh phan tré
ra khéi vong 1ap, bo bu Gc(s) 6 thé duogc thém vao
hé thong nhu hinh 2.2. Kh1 d6, hé thong co thé di
chuyén duoc thanh phan tré ra ngoai vong lap, nhu
hinh 2.3. Nguyén tic dy doan ctia Smith 12 dé xuét bo

diéu khién riéng G’ (s) cho ddi twong G (s) khong
co tré.
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Hinh 2.1. Hé diéu khién Idp kin c6 thanh phan tré
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Hinh 2.2. Hé diéu khién Idp kin ¢é b b
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Hinh 2.3. Tach phan tré ra khéi vong lip
Tu hinh 2.2 va hinh 2.3 ta co:
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C(s)_ Ge(s)G(s)e™ _ G'e(s)G(s) 0
R(s) 1+G.(s)G(s)e™ 1+G' (s) (s)
& [1+G'¢ (5)G(s)] G (s)G( )

=G'c(s)G(s)e ™ |:1+ Ge(s )G(s)e’rs:|
Bién ddi (2) ta co:
G, (s)G(s)e’TS +G'¢(5)G(s)G, (s)G(s)e’T:
=G'o(5)G(s)e ™ +G'c(5)G(s)e PG (5)G(s)e ™
< G, (s)[G(s)e'“ +G'c(s)G(s)G(s)e ™ -G, (s)G(s)e'T‘G(s)e'ﬁ:l
=G'c(s)G(s)e™
< Ge (s)[l +G'c(5)G(s)-G'¢ (s)G(s)e’T:J =G'c(s)
Vi vay, ham truyén dat bo bu la:
G'e(s)
G _ C
() 1+G'c (s)G(s)(1-¢™) 3)
St dung cong thic ndy, ta c6 thé mé ta cau trac
ctia bd du doan Smith nhu hinh 2.4. Céu tric bd du
doan nhu hinh 2.4 1a ly tuong khi ham truyén dat
G(s)(1-¢™) loai bo hoan toan anh huéng cua tré
trong vong lip. Piéu nay dugc giai thich bang
phuong trinh ctia ham truyén dat trong hinh 2.4:

G'C(s) $e
C(s)_ 1+Gc(s )G( )(1- ’“)G( :
R(s) G'c(s) G(s)e™
1+G'C( )G(s)(1-€ )
Gle(s)G(s)e ™
1+G(s)(1-¢T) ) “4)
1+G' (S)G(s)(l e )+G‘ (s)G(s)e T
1+G(s )( - ’”)
_ G'c(s)G(s)e™
1+G'c(5)G(s)

Phuong trinh (4) dbi véi hé théng trong hinh 2.3
chinh 13 c4u tric hé théng mong mudn sau khi b bu
dugc thém vao hé thong.
EORRION

R(s) E(S)E ?
G(s)(1 —eT9) J

Hinh 2.4. Cau triic bo diéu khién Smith cho thanh
phan tré
Bu tré trong hinh 2.4 yéu cau phai udc lugng
chinh xac ham truyén dat ctia ddi tuong (G(s)e™),

G(s)e™Ts C(s)=

\ 4

diéu nay thuong kho thuc hién. Pé su dung bo du
doan Smith cho cac hé théng thuc té, can phai udc
luong cac gia tri cia G(s) va e~ "%, Ky hiéu céc uéc
lugng nay tuong tmg 1a G,(s) va e~ "%, cu tric bo
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du doan Smith duoc mo ta nhu hinh 2.5. Theo hinh
2.5ta co:
G' (s)G(s)e s
C(s)_ 4Gk ' (s)(1- eT =) )
RG) : C<s) (5)e
1+G'e (5)G, (s)(1-¢™)

Do d6 ta co:
C(s) _ G'c (s)G(s)e'T‘Y
R(s) 1+G'C(S)Ge(s)+G'(c)[G(s)€7Ts—Ge(s)e_m} (6)

biéu nay c6 nghia l1a néu tham s6 ctua doi tugng
c6 thé dugc mo hinh hoa chinh xac thi ham truyén

dat cua hé théng s& tuong dwong véi hinh 2.3.
R(s)

C(s)

Hinh 2.5. Bo du dodn Smith co danh gia tham 6 doi tuong
2.2. Két qud mé phong

Bai bao da thyc hién mé phong dé minh hoa kha
nang cua bo du doan Smith khi hé théng c6 tré trong
hai truong hop:

Truwong hop 1: Doi tuong didu khién c6 ham

N s+0.4 .
truyen dat Gc( ) L; G( ) ENCIRE , thoi
gian tr& T =1 (8], tin hiéu vao 1a ham Step 1(£). Pap
(g cua hé théng duoc minh hoa trén hinh 2.6 twong
mg v6i ba truong hop 1a khong tré, ¢ tré khong
dugc bu va c6 tré duge bu.

Truwong hop 2. Dbi tuong diéu khién c6 ham

truyén dat G, (s)=1; G(s)= 2o thoi gian tré

T = 0.7 (s), tin hiéu vao 1a ham Step 1(t). Pap tng
ctia hé thdng duge minh hoa trén hinh 2.7 tuong Gmg
v6i ba truong hop 1a khong tré, c6 tré khong duoc bu
va ¢o tré duoc bu.

Hinh 2.6. Pdp tmg hé thong trong truong hop 1
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out

Time (5)

Hinh 2.7. DPdp irng hé thong trong triecong hop 2
Qua hinh 6 va hinh 2.7 ta thay, dép tng ctia hé
thdng khi gia thiét khong co tré va khi duoc bu tré
béng cach sir dung bo du doan Smith cho két qua kha
glong nhau, hé c6 tré s& lam giam chat luong ciia hé
thong nhu ton tai sai s6 xac lap, dao dong nhiéu nén
giam d9 0 on dinh cta hé thong

3. Két luan

B0 Dy doan Smith 1a mot m6 hinh toan hoc manh
duogc st dung dé giam thiéu do tré va nang cao do on
dinh ctua hé théng. B6 Dy doan Smith hoat dong b.':ing
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cach loai bo phan do tré khoi vong lap kin cua hé
thdng, 1am cho hé thdng c6 thé dugc phan tich va diéu
khién gidng nhu khi khong c6 tré. C6 thé két luan
réng b6 du doan Smith c6 thé cai thién kha nang on
dinh ctia h¢ thong khi c6 dbi tuong diéu khién c6 tré.
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Giai phap nang cao chat lwong......... i theo trang 241)

2.2.7. Trong qua trinh giang day vo thuét, giang vién
phai nghién ctlru, xay dung ndi dung huan luyén that
khoa hoc ddng thoi timg budc cai tién phuong phap
huén luyén phat huy hi¢u qua cao nhét. Bén canh do,
giang vién phai biét sir dung két hop nhuan nhuyén
nhiéu phuong phap huan luyén tuy thuge vao muc
dich cia bai giang va noi dung can truyén tai dén hoc
vién.
2.2.8. Chu1 dong d6i méi tiéu chi, ndi dung va thuong
xuyén ting cudng cong tac kiém tra, danh gia két qua
tap luyén va hoc tp ctia hoc vién Nha truong. Thong
qua cong tac kiém tra thudng xuyén sé gop phan phat
hién, sira d6i va khic phuc nhitng diém kho khan
trong viéc tap luyén cua hoc vién.
3. Két luan

Trén day 1a mot sb giai phap co lién quan dén
nang cao chit luong giang day vo thuat CAND cho
hoc vién hé Vin bang 2 chinh quy tuyén mdi trén co
s& nghién ctru, khao sat thuc tién. Trong twong lai
ky nang vo thudt s€ trd thanh mot trong nhitng nét
dac trung, thanh tyu dang ty hao cua khong chi ddi

v6i hoc vién hé Vin bang 2 chinh quy tuyén méi tai
Trudng Pai hoc Canh sat nhan dan va trong toan thé
lyc lwgng CAND./.
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