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« Phan tich chat lwong hé thong:

 Cé&c nguyén tac diéu khién co ban (truyén thang, phan
hoi);

« Cé&c phwong phap thiét ké bod diéu khién lién tuc tuyén

tinh trong mién tan sb va trong mién théi gian.
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— Nam bat cac phwong phap tlep can doi twong
diéu khién, cac tin hiéu vao ra cua doi twong.

— Hiéu cac phwong phap moé ta dbi twong tuyén
tinh, nhirng MmO hinh toan hoc thong dung.

—Tlep can cac phwo’ng phap phan tich hé thdng
tuyen tinh. Chi rd vai tro cua viéc phan tich hé
thong va danh gia chat lwong hé thong.

— Nam bat cac nguyén ly diéu khién khac nhau
ciing nhw cach chon nguyén ly thich hop. Gidi
thiéu cac phwong phéap thiét ké bd diéu khién.
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Thi nghiém: 4 bai (tw lam & nha)
0 Cac d&c tinh cua hé thong diéu khién tw dong
o Ung dung MATLAB khao sat tinh 6n dinh va chat
lwong cua hé thong
o Ung dung SIMULINK dé tébng hop hé thong diéu
kKhién tw dong
0 Hé thong diéu khién trong khéng gian trang thai.
- DPiém danh gia
o Két qua kiém tra gitra ky (bai tap nhém+ bai tap vé

nha+ bai gilra ky+ diem chuyén can) . 90%
o Thi cudi ky (dwoc str dung tai liéu chuan bi truwdce trén
210 A4) 50%

Nguy&n Thu Ha _ Ly thuyét diéu khién B
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1.1 Khai niém vé diéu khién

1.2 Céc phan t& co ban trong hé thong diéu
kKhién

1.3 Vi du vé hé thong diéu khién trong cong
nghiep

1.4 Phan loai bai toan diéu khién

1.5.Trinh tw cac bwdc thwe hién mét bal
toan diéu khién
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1. Khéi niém ve
hé thong diéu khién

Nguyén Thu Ha _ Ly thuyét diéu khién

00000000000
tw déng



Lai xe, muc tiéu git tdc dd xe én dinh v=40km/h
1. Mat quan séat dong ho do tdc do => thu thap théng tin
2. Bd ndo diéu khién tang toc néu v<40km/h
Giam téc néu v>40km/h => xi Iy théng tin
3. Tay gidm ga hodc tang ga => tac dong |én hé thong
Két qué cla quaé trinh diéu khién trén |1a xe chay v&i van toc
bang 40km/h

/Binh nghia 1.1: Diéu khién 1a qua trinh thu thap thong
tin, x& ly thédng tin va tac déng I&n hé thdng dé dap trng
cda hé thong dat dwoc muc dich mong mudn. Biéu khién
tw dong la qué trinh diéu khién khéng cé sw tac ddng
\.cua con nguoi. Y,

Nguy&n Thu Ha _ Ly thuyét diéu khién
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«  Giam thiéu si tham gia cua con ngwdi trong cac linh
vwe ky thuat ké trén
— Giam nhan cong
— Tang dd chinh xac
— Tang nang suat va chat lwong san pham
— Tang hiéu qua
. Giam lao déng ndng nhoc, tai nan nghé nghiép.
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« Ap dung trong hau hét tat ca cac Iinh vwe ky thuat:
» Hé thong san xuat: Nha mdy xi mang, nha may dudng,
nha may giay, nha may ché bién thwc pham, nwdc giai

khat...

« Qua trinh céng nghiép: Nhiét dd, Iwu lwong, ap suat, toc
do

 Hé co dién tw: robot di ddng, canh tay may, may cong
Cu...

 Phwong tién giao thdng: diéu khién rada, tén Ira...
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* Phén tich hé théng: Cho hé thong tu dong da biét cau tric va
thong s6. Bai toan dat ra |a trén co s& nhirng thong tin da biét
tim dap &ng clia hé théng va danh gia chat lvgng cda hé.

e Thiét ké hé théng: Biét cau trdc va thdng so cua doi tugng
diéu khién. Bai toan dat ra la thiét ké bd diéu khién dé duoc
hé thong thoa man cac yéu cau vé chat luong.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Binh nghiia 1.2: H& théng duoc hidu 1a mét tap hop )
cac phan t& (linh kién, thiét bi, thuat toan...° , dwoc
két ndi véi nhau dé thwc hién mét nhiém vu cu thé.
Hé thong ludn dwoc giao tiép véi mdi trwdng bén
\Ngoai bang céc tin higu vao va ra y

Nguy&n Thu Ha _ Ly thuyét diéu khién
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+ Dinh nghia

4 ; : - . )
Dinh nghia 1.3: He thong diéu khien vong ho (open-loop) la
hé thdng ma tin hiéu vao u(t) knong phu thuéc vao tin hiéu

ra y(t), c6 nghia la u(t) khéng phai la mét ham cua y(t).

+ So d()j Y Bé BK u(t)= DTHK y()

Bo PK: Bo diéu khién (controller,regulator, compensator)
DTDK: Ddi tugng diéu khién ( Plant)

+ Vi du:
May gidt quan 4o 12 mot hé thong PK vong ho

J

r(t) | B9 lap trinh u() | May giat ()
Tin hiéu (Bo DK) Tin hiéu| (PTDK) Oudn do da
dat DK duwoc giat

Nguy&n Thu Ha _ Ly thuyét diéu khién
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+ Uu nhwoc diém
Uu diém: Pon gian, dap &ng nhanh. Cau trdc hé thdng gon
nhe, khdng can cam bién do.
Nhuwoc diém: can md hinh dbi twong rat chinh xac. Do
chinh xac cua phwong phap khdéng cao (nhiéu, tin hiéu dat
thay ddi,...).
+Khi ndo chung ta nén st dung hé thong diéu khién vong hé?
« Khi mdi quan hé gitra dau vao va dau ra dwoc biét chinh
Xxac
e Khéng cé nhiéu phu tai ciing nhw ngoai sinh.
e VViéc do chinh xac gia tri dau ra khé hoac gia thanh dat.



+ Dinh nghia

(Dinh nghta 1.4: Hé théng didu khién vong kin (closed-loop)
la hé thdng ma tin hiéu vao u(t) phu thudc vao tin hiéu ra
\y(t), c6 nghia la u(t) Ia mét ham cua y(t).

J

+ So dé:
Bo so sanh
Y L~ e(t)

y(©)

Thiét bi DK

u(t)‘

Thiét bi CH

r(t) — tin hi¢u dat
(reference signal)

11/02/2020

Thiét bi do

A 4

DTDK

y(t)‘

A

NGuyén Thu Ha _ B6 mén DKTD
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Tin hiéu vao: u(t).

Tin hiéu ra: y(t).

Tin hiéu dat (chu dao): r(t).

Tin hiéu ra do dwgc qua cam bién: y(t) (thong thuong coi y(t) = y(t)).
Sai léch gitra tin hiéu chd dao va tin hiéu ra do duwoc:

e(t) = r(t)- y(t).

PTDK: la céi can diéu khién goém 10, déng co, thiét bi trong cdng nghiép

Thiét bj chap hanh: co cau tac dong thwong la nhivng van déng mé, thiét bi
cong suat

Tr]iét bi diéu khién : ro le, PID, PLC, fuzzy, neural,... nham tao ra tin hiéu
didu khién u(t)

Thiét bi do: 1a cac cam bién do theo ddi sw bién déi cha dai lwong can diéu
khién

11/02/2020
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+ Wu nhuwoc diém:
Uu diém: D6 chinh xac cao hon nhiéu so v&i cau tric vong
h&. Co kha nang khang nhiéu, bam theo tin hiéu dat thay dbi.
C4u trac bo diéu khién da dang.
Nhuwoc diém: can cdm bién do chinh xac dau ra clda doi

twong.
+ Vi du:Binh nudc nong 1a mot hé théng SRS AT
. , b R
DK vong kin
rt) . ~e(t u(t
2O o MO v L 66 >
y(t) K 1 - Seamdord PID Covsrol of Tassk Outler 1 .
- T] : spure | - § 0 Consrol of utler Feoyperature
Nguyén Thu Ha _ Ly thuyét diéu khién 18
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Plant:  water tank water q; (t) l _
Input: water flow piston
Output: water level h(t)  lever
Expected value: h, M A
Sensor:  float £ h,
Controller: lever h(t)
Actuator: piston v #
hreshold
X Controller Actuator Plant h(t) _
: Q) Lever Piston G (t \q‘/-gt‘ir T a(t)

Float |[¢

Sensor



2. Cac nguyén tac dieu khién

Nguy&n Thu Ha _ Ly thuyét diéu khién
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 Tin hiéu diéu khién & day dwoc hinh thanh do
sw sal léch gilra gia tri mong muon va gia tri do
dwoc cla dai lwong can diéu khién u=f(e). Trong

doe=r-y.

Bo so sanh

Y L~ e(t) — u(t)

Thiét bi CH

y()

Thiét bi do

A

A 4

DTDK

y(t)‘

Nguy&n Thu Ha _ Ly thuyét diéu khién
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. Tin hiéu didu khién & day dwoc hinh thanh khi
xuat hién nhiéu loan tac ddng lén hé thong. Tin
hiéu diéu khién dwoc phat ra nham bu lai sy tac
ddng cla nhiéu loan dé gitr cho gia tri cua dai
lwong diéu khién 1a khdng déi. Vi vay hé thong
nay con goi la hé thdong diéu khién bat bién.

Thiét bi do N 2(t]
l " Y (t)
_ T | Thigt b BK » DTEK >

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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« Tac ddng diéu chinh duwa trén co s& phan tich

tinh todn sw bién d6i cia BDTPK, tac ddng cua
nhiéu va tin hiéu chi dao. Hé thdong st dung
phwong phap nay goi 1a hé thong tw dong tu
chinh n(t)

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién -
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+ Tin hiéu diéu khién dwoc phat ra do mét
chwong trinh dinh san trong thiét bj diéu
khién.

Nguyén Thu Ha _ Ly thuyét diéu khién
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3. Phéan loai
hé thong didéu khién

11/02/2020 Nguyén Thu Héxtu_ y nthuyét du khién



3.1. Theo cau trlc

HT diéu khién HT diéu khién vong
vong hé kin




3.2. Theo gia tri
dat

I
Gia tri dat la
hang sO

Piéu khién theo

biéu khien bam chwong trinh

» Gia tri mong muon la hang s6 « Gia tri dat co thé khong  « Bau vao thay doi theo
- B6 diéu khién l1am viéc dé gilr biét hoac thay doi mot chwong trinh

cho tin hiéu dau ra thay dbi
xung quanh gia tri dat

Vi du: Diéu khién nhiét do,
murc, ap suat.

- B diéu khién lam viéc dé « B diéu khién theo
tin hiéu dau ra bam theo sw chwong trinh d3 Iap trinh
thay dbi gia tri dat truwéde

e.g. Hé thong diéu khién Vi du: may giat, dén
hwéng tw déng trén thuyén giao théng
va may bay



f (Xi) — yl f (XZ) = y2
- Nguyén ly xép chong
F %)= F00)+ FR) =Y, +Y,

HT disu | ° @p dl.lngAnguyén ly xép chong
Khién tuyén | ° duwoc mé +a bai phwong trinh vi

 tinh phdn tuyén tinh
. HT dieu —
khién phi ‘ ciu*ac mo ta b&i phwong trinh vi
tuyén phan phi tuyén




3.4. Theo dang

tin hiéu

.

HT diéu
khién lién tuc

J

7

.

HT diéu
khién roi rac

\

J

Tat ca cdc tin hiéu la ham
lien tuc theo thoi gian t

Cdc tin hiéu hodc duwéi dang
xung hodc md hoa

Vi du HT diéu khién sb



Hé tham so
hang

\.

" He bién déi
theo thoi
gian

J

Cac thong s6 cta hé théng la
hang s6

Hé théng chira cac thanh phan
bi tréi hodc thay déi theo thoi
gian

Vi du: hé thdng tén lira dan duong



4.1 Diéu khién kinh dién (classical control)
Piéu khién kinh dién cé trwdc ndm 1960

Mé ta hé thong trong mién tan so6 (phép bien doi Fourier)
va mat phang s (phép bién dbi Laplace)

Céc phwong phap phan tich va thiét ké hé thong trong ly
thuyét diéu khién kinh dién gom cé phuong phap Nyquist,
Bode, va phwong phap quy dao nghiém soé

Piéu khién ty 1& — tich phan — vi phan (PID)



4.2 Piéu khién hién dai (modern control)

Piéu khién hién dai t&r khoang nam 1960 dén nay

Ky thuat thiét k& hé thdng hién dai dwa trén mjén thoi
gian. Mo ta toan hoc dung dé phan tich va thiét ké hé
thong la phwong trinh trang thai

B6 diéu khién hoi tiép trang thai

Vé&i sy phat trién cua ly thuyét diéu khién s6 va hé théng
rdi rac, ly thuyét DK hién dai rat thich hop dé thiét ké cac
bd DK 1a cac chwong trinh phan mém chay trén vi xw ly va
may tinh sé



4.3 DPiéu khién thdng minh (intelligent control)

Piéu khién kinh dién va di‘éu, khién hién dai goi la diéu
khién thong thuong, co khuyét diem la dé thiet ké dwoc
HTDK can phai biét mé hinh toan hoc cua doi twong

Trong khi do cé nhiing doi twong DK rat phic tap, rat
kho hodc khong thé xac dinh dwgc mé hinh toan. Bieu
khién thdng minh cé thé gidi quyét duwoc

Cac phwong phap diéu khién thdng minh nhw diéu khién
md, mang no ron, thuat toan di truyén md phdng/bat
chwdc cac hé thong théng minh sinh hoc, vé nguyén tac
khédng can dung md hinh toan hoc dé thiét ké hé thong,
do do c6 kha nang &ng dung thwc té rat cao



1.Nghién ctru d(f)i twong can BK va quyét dinh cac loai
cam bién va thiét bi chap hanh sé st dung.

2.M6 hinh hoa hé thong can DK; don gian hoa mé
hinh néu can thiét.

3.Phan tich mé hinh; xac dinh cac tinh chat cta no.
4.Quyét dinh céac chi tiéu chat lwgng cla hé.

5.Quyét dinh cau trac diéu khién.

11/02/2020 NGuyén Thu Ha _ LAy thuyét diéu khién ”
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6.Thiet ké bo DK thda man céc chi tiéu CL dat ra, neu
khéng, giam bét chi tiéu hoac tong quat hda cau truc bd
bK.

7.M6 phong hé t,héng PK vira nhan dwoc, hodc trén may
tinh hoac trén doi twong thir nghiém.

8.Lap lai bwdc 1 néu can thiét.
9.Chon cac phan cyng va phan mém va thwc hién bo PK.

10.Chinh dinh trwc tuyén (on-line) bd PK néu can thiét.

NGuyén Thu Ha _ Ly thuyét diéu khién
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Chuong 2: Hé thong tuyén tinh
lién tuc trong mién phurc

TS. Nguyén Thu Ha
B6 mdn Piéu khién tu dong
Vién Dién, Truong PHBK HN
ha.nguyenthu3@hust.edu.vn/
hanguyenac@gmail.com



2.1. Md ta hé thong
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 Xay dwng mé hinh toan hoc cla ddi twong diéu khién:

— Hiéu biét vé dbi twong.

— St dung md hinh dé phan tich ddng hoc va téng hop bd

diéu khién.

— S dung mé hinh d& mé phéng hoat déng ctia hé thong.
e Cac loai mo6 hinh toan hoc:

— Phwong trinh vi phan.

— Ham truyén dat.

— Phwong trinh trang thai.

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién tw dong 3



u(t) y(t)
. | PIPK o
Kich thich Dap ung
Tin hiéu vao Tin hiéu ra

(Dinh nghia 2.2: Ham truyén dat |a ty so gitra anh Laplace clia |
tin hiéu ra Y(s) va anh Laplace cla tin hiéu vao U(s) (cac diéu
_kién dau bang 0).

J

Y(s) _ bo+bys+-+bps™
U(s) - a,+a;s+--+aps™

G(s) =

Néu hé la causal thi ham truyén dat G(s) cua n6 phai co
bac da thirc t&r s6 khdong Idn hon bac da thirc mau sb
(m<n). Cac ham truyén dat nhw vay co6 tén la hop thirc.
Cr?n néu m<n thi G(s) dwoc goi la mét ham hop thirc
chat.

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién tw déng 4



A(s) =a,+ a;s + -+ a,s™ goi la da thire dac tinh
(quyét dinh qua trinh qua dd)

A(s) = 0 goi la phwong trinh dac tinh

- Nghiém ctia phwong trinh dac tinh 1& cac diém cuc

- Nghiém cua phwong trinh B(s) = 0 goi la cac diém
khong

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién tw dong 5



+ Dinh nghia ham truyén dat trong Matlab
>>G=tf([b,y, ... b1 by], [ay, ... a1 Qp])

« Vidu : Xac dinh ham truyén dat cta mach dién

L i
. Ny —e
Ic
U R
 / Cvy
. A
_ RCs+1
G(S)_LCSZ+RCS+1
11/02/2020

ur,
P I
0, il — - —0
L IR I o
R C ly(t)
0, I o)

R
RLCSs?+Ls+R

G(s)=

Nguyén Thu Ha _ Ly thuyét diéu khién tw déng 6



3.1. Ham trong lwgng

[E)iph nghia 2.3: Ham trong lwgng g(t) 1a dap rng cua hé\
thong khi hé dang & trang thai 0 (c6 cac gia tri ban dau
bang 0) va dwoc kich thich béi tin hiéu dirac o(t) o dau

\Vé.O. J

* Gia st G(s) |a ham truyén dat ctia hé. Ham trong luong g(t) la
anh Laplace ngwoc cua G(s).

g(t) = L7HG(s)}
Pé v& ham trong lwong g(t) trong matlab st dung lénh:
>>impulse(G)

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién tw déng 7



3.2. Ham qua do

€ Binh nghia 2.4: Ham qua dé h(t) la dap wng cua he\
thong khi hé dang & trang thai O (cO cac gia tri ban dau
bang O) va duwoc kich thich bdi tin hiéu Heaviside 1(t) &

\ dau vao. y

Ham qua dé h(t) dwoc tinh theo cong thure:
1 ,G(s
h(t) = L1~

Pé v& ham quéa dé h(t) trong matlab st dung Iénh:
>>step(G)

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién tw dong 8



A1) g(t)
1(t) h(t)
o A " O
Dinh ly 2.1: Cho hé SISO tuyén tinh

Hé ludn duwgrc mo ta boi ba md hinh toan hoc twong dwong la
ham truyén dat G(s), ham qua dé h(t) va ham trong lwvong g(t)
v@i cac quan hé:

G(s) =L{g®)}  h(t) = {G(S) () = 410

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién tw déng



Xac dinh ham qua dé va ham trong lwong cua hé dwoc
mo ta bé&i ham truyén dat:

G(s) = VO’I T#T,

Anh Laplace H(s) cla ham qua dé h(t) la

G(S) _1  Tm=T 1
H(s)—— - T S+$
1
Vay h(t) = (1- = ﬂtn(t)
1
o) = =2 = T";ZTt Tl 1(0)+ (1-2t e Tm")3(t) thay tai thoi

diém t=0 ta co g(t) =2 "te T 1(t)+ 6(t)

m

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién tw dong 10



4.1. BPwdng dac tinh tan bién pha

« Xét hé thdng tuyén tinh md ta b&i phwong trinh vi phan (*). Hé do sé

c6 ham truyén dat
Y(s bo+byS+:--+by,s™
G(S) — ( ) — 0 1 m B

U(s) a0+a15+---+ansn vol m<n

« Ham d3c tinh tan dwoc hiéu 1a
G(jo) = G(s)ls = jw = ReG(jo) +j ImG (jo) = |G(jw)|e/P

Lwu y : Viét G(jo) thay vi G(jo) |a dé tranh nham I1an rang G (jo) chinh
la anh Fourier cua ham trong lvong g(t)
/E)inh ly 2.2: Néu kich thich mot hé théng c6 ham truyén dat bén G(s)\
tr trang théi 0, trc 1a tai thdi diém kich thich hé cé y(0) = y(o) =

n-—1
- ddT{(l) =0 bang tin hiéu diéu hoa u(t) =e/“tthi khi t—oo he sé co

dap &ng y(t) dwoc xac dinh tr ham dac tinh tan G (jo):
\_ y(t) = |G (jo)|e/ @t P voi goc pha ¢ = arc G(jw) )

11/02/2020 Nguy&n Thu Ha _ Ly thuyét diéu khién tw dong 11



. Ky hiéu arc G(jo) dé chi géc pha cla G (jo) tirc la

ImG(jm)

ReG(jM)

« V@i ReG(jo) la phan thue, ImG (jo) 1a phan do cla G (jo).

- Puwdng biéu ’dién ham G (jo) dwdi dang dd thi theo tham s6 o khi o
chay tr 0 dén « trong hé truc toa do co truc tung ImG (jo) va truc
hoanh ReG (jo) dwoc goi la dwdng déc tinh tan bién pha.

« Vidu: Xay dwng ham dac tinh tan cho hé thdng cé ham truyén dat

arc G(jo) = arctan

G(s) = — ham déc tinh tan cla hé la: -
1+4s 4 4 4 E o T
G (j - = Jw = = -1 w s APTFIN ' =0
(o) = GE)ls = jo = 4o 1re? e 242
« Do co [ReG(jo) -2]2+[ImG (jo) ]2 = 4 24 10—

nén khi @ chay tr 0 dén o , dé thi ctia n6 1a ntra hinh tron nam dwéi
truc hoanh. Khi u(t) = sin(t) thi y(t) = 2v2sin(t - Z”) khi t—o0
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4.2 Pudng dic tinh tan logarit — Do thi Bode

/Dinh nghia 2.5: D6 thi Bode |a dang d6 thi biéu dién ham déc\

tinh tan, gdbm 2 d6 thij riéng biét theo o cho:
Bién d6: L(w) = 20lg |G (jo)| c6 don vi la dezibel [dB].
_Pha: g(0) = arc G(jo) c6 don vij [grad]. P

Lwu y: Ca hai do thi nay co truc hoanh la o xong khéng
dwoc chia déu theo gia tri ciia ® ma theo Ig(w)

~.. N _ 5 (HHjo) (14T jw)..(1+Thjw)
G(jo) = k(1+r1 1) (14T, j@)-(14T} j)

Puwoc thwe hién don gidn Ia cdng trir cac thanh phan
L(w) = 20Igk+20[T 1L, Ig|1 + Trjwl|-Xis, lg|1 + Ty, jwl]
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« Xay dung biéu dd Bode cua khau quén tinh bac nhat

L(e) ole)

— T TTI T T T TTTmm T TTT MMTTT T T T T T T T T

S [ ' l R WL L

1+TS 0 i1 T=10 | Tad (P01 40 O.ﬂ.' 5 ||H' ! u_1_4:mm;_

A v ’ A . -3dB | | IlL;_JJ_ - Tz 10 T”l T-01 L
» Khau nay c6 ham dac tinh tan: BBy e e v
1 . T w bt 200B Y LT B L NG — N NG

G(jw) = = >~ = LU L L D - =
1+]T(O 1+(TCO) 1+(T(L)) :"W: w5=1 10 @ 04 1 10 @

e Nén L(w)=-10lg(1+T?w?) va ¢ (w) = —arctanTw
« Puwdng do thj cha L(w) cb hai tiém can wng voi khi w -
0 va khi w — oo:

L(w)= Okhiw -0
YT —20(gw + IgT) khi w — o

* Hai dwo’ng tiém can nay cat nhau tai w, = = dwo’c goi la
tan s gay va & dé co L(w; ) = -10Ig(2) = —3dB
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» Hai khdi song song

u(t) e y (&) Y@
e " :
0 x —> ﬂalfs}iaﬂs}ﬁ.
1 G2(8) [5508)

_Y(s) Y ()Y, _
G(S) Bl U(s) - U(s) = G1(S) T GZ(S)

» Hai khoi ndi tiép

u(t) w(t) y(#) 5 u(t) y(t)
— G4(s) 21 Gs) — — G(8)Gyls) —

Y(s)=G1(s)W(s) i _v(s)_
[orasue YOre@eEUe  G(9) =5 5= Gy(s)G(s)
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- Hé c6 hai khdi mac hdi tiép

u(t) el y(@)

—Tj@ : ) [ G|y
w(t)| ’ 117G,60G06 |
Gy(s) [

Tin hiéu dau vao e(t) ciia G,(s) 1a tin hiéu tao bdi tin
hiéu vao cla hé thong u(t) va tin hiéu ra w(t) ctia G,(s):
e(t) = u(t) +w(t).
Suy ra: Y(s)=G,(S)E(s)=G(s)[U(s)£G,(s)Y (s)]

=G4 (S)U(S)£G1(5)G,(s)Y (s)

_Y(s) _ G,(s)
G(s) = U(s) 1FG,(5)G,(S)
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« Chuyén nut ndi tin hiéu tl trwdce ra sau mot khoi

u,y(f)

e
uy(t)

Y(s) = G(s) [Uy(s) £ Uy(s)] =

y(t)

¥ u,(t)

G(s) b——s —

G(s)

uy(t

Gl(s)

N

G(s)U1(s) £G(s)Uy(s)

 Chuyén nut ndi tin hiéu tlr sau ra trwdc mot khoi

u(t)

u(t)

[

Y(s) =Y,(s) £ Y,(s) = G(s) [U(s) +—

11/02/2020

y, () ¥@) T
G(s) " +
Valt)

t
6o ¥ ):
1 )
G(s)
200]
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« Chuyén nut ré nhanh t trwdc ra sau mét khoi

ul(t)

-

G(s)

0

b zgﬂ

u(t)

—_—

 Chuyén nut ré nhanh tr sau ra trwedc mét khoi

u(t)

 ——

G(s)

¥i(t)

11/02/2020

‘ Y :a@]

G[ S} 4 lgt)
1 | 0
G(s)
u(t) G(s) b 1{?)
‘ X 2{3}

G(s)

Nguyén Thu Ha _ Ly thuyét diéu khién tw dong
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 Chuyén nut ré nhanh t trwde ra sau mot nat noi

w(t)

w(t)
ut) | ¥ u(t) |* y()
u(t) u(t)
i ¥
w(t)

 Chuyén nut ré nhanh t sau ra trwdc mot nat ndi

w(t)

w(t)
ut) £y S

y(f)
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X&c dinh ham truyén dat

u(t) p y(t)
G, 2
Vidu 1: ~ G,(1+G
' ‘ ) ‘y(t)—u{t} ‘ G(s) = Zi — 2
o e 2
u(t) = = y(t)
Vidu 2: - I_E 2_ + G(s) = G(G, + G3)
Gs 1+ G,(G, + G)
y(@)
A el 6 [ 66) = X
Vi du 3: G ||Ga| |Gs] |G| " T (T 6,6, )(1 + G4G,) + GG
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 Nhuoc diém cla so do khoi:

* Viéc biéu dién mot hé thdng 16n thong qua cac hé con nho so
d6 khai cho ta cach nhin truc quan tdng quat vé ciu tric bén
trong, tuy nhién phai bién doi vé cac dang quen thubc

=>Thay thé so d6 khdi bang so db tin hiéu:

e Cac diém nut (node) néu so sanh vdi so d6 khdi thi cac diém
nut chinh la diém ré nhanh va diém nai tin hiéu.

* Nhitng dudng ndi cac diém nut (branch). Trong so d6 khai thi
nhitng dudng ndi nay cé vai trd gidbng nhuw cac khdi. Moi
dudng ndi cd gia tri dung bang ham truyén dat cla khoi
tuwong ng. Duwong ndi khdong cé khdi dwgc thé hién trong so
do tin hiéu bang gid tri 1. Cac dudng néi phai cd hudng chi
chiéu tin hiéu. Theo quy wdc, chiéu cac dwong ndi ludbn duong
chi tir trdi sang phai trong so d6, trir dwong phan hoi.
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e Tin hiéu dau vao u(t) la dlem nut chi co duo’ng ndi ttr dé
di va khong c6 dudong n0| dan dén né néu dé khong pha|
la dwong phan h0| Piém nat chi tin hiéu vao cé tén goi
|a diém nat ngudn (source).

 Tin hiéu dau ra y(t) la dlem nat chi co dwong ndi dan
dén no, khéng co dwong ndi ttr d6 di néu do khong pha|
la dwdng phan hoi. Biém nut chi tin hiéu ra co tén goi la
diém nut dich (sink).

« Tuyén thang (forward path) la nhirng dwo’ng ndi lién
nhau di twr diém nut _nguon, te la diém dau vao u(t), toi
dlem dich, trc la diém tin hiéu ra y(t) va chi di qua mdi
diém nat mét lan.
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» Céc vong ldp (loops) sé& duoc thé hién bang tap nhirng
diem nut co cac dwong nbi voi nhau tao thanh mét vong
Kin.

* Nhirng vong lap khéng dinh nhau (nontouching loops) la
nhirng vong lap khong cé chung mét doan ndi nao.

» Mot vong lap va mét tuyén thang sé khong dinh nhau
néu chung khéng co6 chung mét doan ndi nao.

« Tat ca cac diém nat cha so do tin hiéu déu la diém cong
tin hiéu.

Vi du: 2 s

1
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« Budc 1: Xac dinh tat cd nhitng tuyén thang P, ; k=1; ... ;m.
* Buwdc 2: Xac dinh cacvonglap L,; k=1; ...; n.

 Buwdc 3:Tinh
A=1-2p Lx+X;;Lilj = Xpmn LilmLy + -+
Trong dé L;, Lj 1a nhirng cap hai vong lap khong dinh nhau(khong
c6 chung mot doan ndi nao)
L;, L,,, L, lanhirng bo ba vong lap khong dinh nhau
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* Budc 4: Xac dinh A  tir A bang cach bd di céc vong ldp cé dinh
voi P, .

* Buwdc 5: Xac dinh ham truyén dat cda hé thong theo cong thirc
Mason:

1
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 Vidu 1: S dung cdng thirc Mason dé xac dinh ham
truyén dat cho hé:

u

H2

G2

H1

A 4

G3

11/02/2020
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 B1: Hé chi c6 mét tuyén thang
P, = G,G,G;
« B2: Hé co 3 vong lap dinh nhau tirng d6i mét
L,= G,G,H,
L,=G,G;3H,
L,=-G,G,G,
« B3A=1-(L{+L,+Ly)=1-G,G,H,;-G,G;H,+G,G,G,
. B4: Do tat ca cac vong lap déu dinh vao tuyén thang P1 cé
doan chungnén: A, =1
 B5: Ham truyén dat:
PA, _ GG, G,

G(S) - A B 1_G1G2H1_GzG3H2+G1GzG3
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« Vidu 2: St dung cdng thirc Mason dé xac dinh ham

truyén dat cho hé:

H1

.

G2

H2 |——
L G3

11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién tw déng
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« B1: Hé chi c6 mét tuyén thang
P, = G,G,G,
« B2: Hé c6 3 vong lap
L= G;H,
L,=G3H,
L3=-G,G,G;
e B3:A=1— (L, +L,+Ly)+L,L,= 1-G,H,-
G,H,+G,G,G,+G,H,G,H,
* B4: Do tat ca cac vong lap déu dinh vao tuyén thang P,
codoanchungnén: A, =1
« B5: Ham truyén dat:

G(s) = Pibs = G,G,G;,
= Ty T1-GH,- GH2+GGZG3+GHGH2
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Vi du: Cho so d6 cau trdc nhw hinh vé

R —
- —L
—Qt1 | G2 | G3
H1 —|

Dung Matlab dé tinh ham truyén dat, khao sat ham qué
dé , ham trong lwgng, dac tinh tan bién pha va do thi

Bode. Biét G1= ——: G2==:G3=——— H1 =2; H2 =
S s“+3s+1

20s+1’
S;
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« Vao File / New / Script

Gl=tf(5,[20 171);

G2=tf(1, [1 01);

G3=tf(5,[1 3 11]);

Hl= 2;

H2 = 5;

Wl= feedback(Gl,-H1) % ham truyén dat cé hdéi tiép duong
W2=feedback (G3, -H2)

G = feedback (W1*G2*W2,1)

subplot (221) ;step(G) % v& ham qua doé
subplot (222) ;impulse (G) % ham trong luong
subplot (223) ;nyquist (G) % d&c tinh tan bién pha
subplot (224); bode (G) dé thi Bode

o\°

« Sau doé save ten file vidul, rdi sang clra s6 command
cua Matlab danh vidul
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2.2 Tuyén tinh héa tai diém
lam viéc

19/02/2020 ) o ) 1
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« Tai sao can tuyén tinh héa?
— Tat ca qua trinh thwe té déu la phi tuyén (it hay nhiéu)
— Cac mo hinh tuyén tinh dé s dung (thda man nguyén
ly xép chong)

— Phan I&n ly thuyét diéu khién ty dong str dung mo
hinh tuyén tinh (vi du ham truyén dat)

» Tai sao tuyén tinh héa xung quanh diém lam viéc?

— Qua trinh thwong dwoc van hanh trong moOt pham vi
xung quanh diém lam viéc (bai toan diéu chinh!)

— Tuyén tinh héa trong mot pham vi nhd gitip gidm sai
léch mo hinh

— Cho phep st dung bién chénh léch, dam bao diéu
kién ap dung phép bién doi Laplace (so kién bang 0).



« Tuyén tinh héa truc tlep trén phwong trinh vi
phan dwa theo cac gia thiét vé diém lam viéc:

[ dh 1
EZP—A( 11_|_w2_%1)
* dx 1
LE — —p (“U_J']_Il —|— ’UJQIQ) — m(’lﬂl —|— “UJQ)I

Gia thiét cb dinh

« S dung bién chénh léch va phép khai trién
chudi Taylor: Da nang, thong dung



x=f&xu), x0)=%x;, x€R",uecR", £:R" xR" — R”"

y = g&,u) y € RP, g :R" xR" — RP
Gidslrcod diémcanbang &,a)hay x= f&u)=20
bat:
x =X+ Ax
u=1u-+ Au
Ta co:
Of of
x=Ax—= f&k +Ax,u + Au) ~ £xu)+ — Ax+ — Au
——  OX|zq Ju g
_ _ _Og 0g
vyv=y+Ay=g&k + Axu + Au) =~ gk,u) + — Ax + — Au
—— OXixg Ou|x,a

y



Pat cdc ma tran Jacobi

Of

A=—| , AcRY™
8x,—(,ﬁ
0

B=2F , B e R"™
du x,a
0

c =23 , ceree
3x,—{,ﬁ
o,

D = -2 , D € RP™
8u x,a

Thay lai ky hiéu Ax — x, Au— u, Ay% Y

' Xx=Ax+Bu, x0)=%,—x
y =Cx+Du



(0] ‘

|
ko, 1 Binhchira | T

nhiét
i

=) F.T

V' = const

Phwong trinh can bang nhiét

d(pVH)

dt == FO pﬁo - Fpﬁ

dT F
V = const va F, = F ‘ V(%_T)



FU:TU
dT F
— = fIF,T,1Ty) = =I5 — T
- = f(F.1,T) = (T, — T) |
Tai diém lam viéc: ——
B Ia <D FT
0= f(F,T?T_E.) = ?(TD — T) V' = const
AT o (O p . Of of
— = f(F,T,1;) =~ f(F,T,T; AF AT AT
z =~ DT~ 1 o) + [8F Tartt T s
0 ALy
:%;T&F—E&T+££%
dT  dAT d.&T F T, —T F
—_— = —— ‘ &T_ AF &T
dt dt di v Tyato



St dung cac ky hiéu:

=)

Fat 7

Bién déi Laplace cho ca hai vé:

% T, — T

F

u + d

y=AT,u=AF,d=AT,
T, —T

s;w@%+M®:: = u(s) + d(s)

(5) = —5uls) + — L d(s)

yS_TS—I—IHS 75+ 1 i ‘&__..ﬂ' 1
G, (s) Gia(s) (d) 7s + 1

T:z,k:TﬂfT AF k
F K 7s +1

(u)




h:ji—:p_A(Wl—'_WZ_W) O=w; +wy, —w
: 1 _ _ _ _
Xx= 5 = VAD Wixy + wox, — W1 + wy)x) 0= wixg + wyxo — Wy + wp)x

Phuwong trinh th nhat d3 tuyén tinh, chi can viét lai vai bién chénh léch:

Ah= - Aw, + Aw, — Aw)
PA

Bién d6i Laplace cho c3 hai vé:

SAH (S):IOLA(AWI(S)—'_AW2(S)_AW (S))




A= (X—X) = x

JL 81_5 JL JL JL 8115 J
Ah -+ A —= Aw;, + —=Aw, + —=A A
[a xS T o, S T g, B2 T oy, BN T oy, B2 ).
1 _ _ _ 1 _ _
= ———= W13 + WX — Wy + W,)X )Ah — ——= Wy, + w,)Ax
pAh” E) pAh ps
—|— Xl _ XAW]_ % AWZ —|_ Wl AX]_ —|_ W2 AXZ
pAh pAh pPA Ah pAh
1 _ _ _ _ _
— — CWAx+ & — X)Aw; + & — X)Aw, + wiAx + wo,Ax)
0

Bién d6i Laplace cho ca hai vé:

pA}_zsAX (s) =
—WwAX )+ & — X)AW 1 (8) + & — X)AW 5 (8) + W1 AX (5) + wo,AX, (S)



PR L Ax g = BT E Aw 1

w w W

AW, 0+ A, @)+ 2 AX, @
W W

Ky hiéu céac tham sb (dac biét quan tam t&i thiy nguyén):

pAh )_f }_f }_<2 — }_{ Wl _2
T — , Ky1x = — r Ko = — s Ky = =, Kooy = =
W w W w

Ta di t&i dang mé hinh ham truyén dat quen thudc:

it lai ky hidu (vector):

A,
d=|Ax |, y=x
A, |

Ah
| Ax|]

Aw

u — ’
AWl




y©) =Gpsuls) +Gg (5K (s)

ki K K,
b N

S) = G4 (8) =
0 s |’ R I D
T75+1 75+1 7s+1 7Ts+1

T hai phwong trinh vi phan tuyén tinh héa ta cling cé thé di téi mé hinh
trang thai:

1 [0 0 1 |[-h  h
x =Ax+Bu +Ed A:pA_E_O —r/\_f'B:pA_E 0 X —X
y=Cx 1 R 0 o0 1 0
VI A S _{0 J

Quan hé gitra hai moé hinh:

Go(s) =C (SI—A) 'B, G4q(5) =C (SI—A) 'E



e A
! B
gl A
<
|
|
|
|
- +
S
A: vmv
“
|
%_“
I_Il'..
<
|
|
= |
I L
“
I T
I
| =
1 O
it SRR S
|
: —
RN R
“rn.lum | ~| =
|
A
| roo
S
% )
< <]




A =08m?%, p=125kg/1it
, = 200kg/phtt
— 0.4, }_fl — 0.8, }_52 = 02

X

o X

— Imét

Tw cac phwong trinh mé hinh &
trang thai xac lap:

Ta xac dinh dwgc cac gia tri con
lai tai diém lam viéc:

Thay vao cac ma tran truyén dat:

0 =w;+w, —w
{O = WX + WoX, — W1 + W)X
w, = 100 kg/phtt]

w = 300 [kg/phut]




1. Pon gidn héa mé hinh nhw c6 thé, néu dwoc thi nén tach thanh nhiéu
mo hinh con doc lap.

2. Xac dinh rd diém lam viéc va gié tri cac bién qua trinh tai diém lam viéc
dé c6 md hinh trang thai xac 1ap.

3. Ddi v&i cac phwong trinh tuyén tinh, thay thé cac bién thwc bang cac
bién chénh léch.

4. Tuyén tinh hoa tirng phwong trinh phi tuyén cla mé hinh tai diém lam
viéc bang phép khai trién Taylor, bat dau véi cac phwong trinh dai s6
va sau do la v&i cac phwong trinh vi phan.

5. Pat lai ky hiéu cho cac bién chénh léch (st dung ky hiéu vector néu
can) va viét gon lai cac phwong trinh mé hinh.

6. Tinh toan lai cac tham s6 cla mé hinh dwa vao gia tri cac bién qua
trinh tai diém lam viéc.

7. Chuyén md hinh tuyén tinh vé dang mong muén, vi du biéu dién trong
khong gian trang thai hoac bang ham truyén dat.



2.3.Cac khau dong hoc co ban
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+ Phworng trinh vi phan:

T% +y =kx
+ Ham truyén dat
G(s) = —— ; Trong do k : hé s6 khuéch dai

T: hang sb thoi gian

1
+ Ham qua dd : h(t) = £ {52} = k(17T
Bai toan nguworc: Biét ham qua do h(t), xac dinh k, T
- Hoanh dd cta dwdng tiém can voi h(t) khi t— |a gia tri k
- K& duworng tiép tuyén vai h(t) tai t=0
- Hoanh d6 clia diém A trén dwong tiép tuyén (0,
ma tai dé tung dd bang k sé& chinh Ia tham 20 T S oo -
s6 T can tim.
Ngoai ra cling tai thdi diém T ta con co 0,632 -
h(t=T) = k(1-e') = 0,632k nén c6 thé tim T
bang cach xac dinh diém trén h(t) =0,632k

Nguy&n Thu Ha _ Ly thuyét diéu khién
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* Dactinh t”én bién pha: y ImG g
G(jw) = ___k(-joT) k. kTw 2 ReG
W)= 1+]wT T (A+jwT)(1-jwT)  1+T2w? J1+T2a)2 W=oo ‘:’ w=0
* D6 thj bode: !
A e %, . kK \? kTw 2 w=T""
Bién do: L(w) = 201|g|G(]a))| = 20Ig<\/(1+T2w2) + (1+T2w§0) ) L
kz E 10 -
= 20'g(1+T2w2) % 0
Khi w<<1/T L(®) = 20Igk 2 L
®>>1/T (o) = 20ng 20IgTw —
Pha: ¢(®) = -arctan(Tw) g
Khi ®=0 thi p(®) = g
®=1/T ¢(w) = -nt/4 L]
0= (o) = -1, L
] —__] 2
Vi du: R J_
- . # i
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+ Ham truyén dat:
G(s) = : Trong d6 Kk : hé sé khuéch dai

s(1+4Ts) . ]
T. hang s6 thoi gian

k _ T T
+ Ham qua dO h(t) L~ {G(S)} L~ {m}zﬁ 1 {siz —3 + S-I-_l}
Suy ra h(t) = k[t —T(1-— e"t) ]

+ Bai toan nguwoc: Xac dinh k, T tir ham qua do:

- Ké dwong tiém can h(t) véi h(t) tai t =

- Xéc dinh T |a giao diém cua h,(t) v&i truc hoanh

- Xac dinh goc nghiéng ¢ cua h(t) v&i truc hoanh
roi tinh k = tan ¢

Nguy&n Thu Ha _ Ly thuyét diéu khién
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o Re Im
+ Dac tinh tan bién pha:kT | ) 0 % o
GGw) = ]O)(1+]TO)) 170  Jo@irre?) uT -KT/2 -ki2T
+ D6 thi Bode © 0 0
-kT ImG
A an _ kT \2 , (. k 2 5
Bién d6 : L(w) = 20lg j (o) + ( — (HT%Z)) j 47
: 1 l R(’G
=20Igk - 20Igm - 20lgy/ (Tw)? + 1 D= T
Khi w<<1/T L(o) = 20Igk - 20Ige
»>>1/T L(o) = 20Igk-20IgT-40Ige 1
Pha: o(o) = 91(0) + 92(®) =-n/2 - arctan(Tw) i
Khi ®=0 thi ¢(®) = -n/2 L(&) A
L a B L L WL
0=1/T ¢(w) = -3n/4 T 5L L
(D—°° (P((D) — _Tc _:_:ul“ll Illllll (O L] B W R
i I IIIIIIl _: :IIII Ilulhul +I+I-:~4I>:LII| _60°
A I N —40dB |,
IR, T
(1 S0k T 10

Wy

Nguyén Thu Ha _ Ly thuyét diéu khién
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Ham truyen dat:
G(s) = : Trong d6 k : hé sb khuéch dai

s(1+Ts)™ '’

T: hang s0 thoi gian

G k
Ham qué dé: h(t) = L~ { f)} L™ {m}
(n+1-D7T%
(=1 (14Ts)!

:L—l{k ———+2

s2

(n+1-i)ti-le” T
Ti=2(i—1)!

Suy ra h(t) = k[t —nT + Y%,

Bai toan nguwoc: Xac dinh cac tham s6 k,T va n tr ham qua do

- Ké duwdong tiém can h(t) voi h(t) tai t = « ‘

- Xac dinh g6c nghiéng ¢ cua h(t) v&i truc hoanh rdi tinh k = tan ¢
- Xé&c dinh T, la giao diém cua h,(t) v&i truc hoanh va tinh
Trwong hop chwa biét bac cta n co thé tra bang sau:

0,3679 0,2707 0,224 0,1954 0,1755 0,1606 0,149 0,1396 0,1318 0,1144

n

Nguy&n Thu Ha _ Ly thuyét diéu khién .

11/02/2020 .
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+ Ham truyén dat:

_ k . .
G(S) —(1+T1S)(1 +T25)’ Trong,do T,1>T2
k : hé s6 khuéch dai

T,,T,: hang sb thoi gian

1

_T_t_ _T_t
+ Ham qua doé: h(t) = £ {@} = k(1-e e *
] s T1—T,
+ Pac tinh tan bién pha:
i) — k(1-Thhw?) . kw(T1+T2)
Gljw) = (14T w2)(1+Tf w?2) (1+TZw2)(1+Tfw?)
® Re Im |
" kTT,
° 0 I +T;
1/—\/ T1T2 O _k T1T2 o A
Ty +T,
o0 0 0
11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién :
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Bai toan nguwoc: Biét ham qua do h(t), xac dinh k,T,, T,
Tim hang s6 k theo k=h(x)

Ké duwong tiép tuyén h.(t) vdi h(t) tai diém udn. Sau do xac
dinh hai tham sé a la hoanh d6 giao diém clia dudng tiép
tuyén vdi truc thoi gian va b |3 khodng thoi gian dé duong
ti€p tuyén doé di duwoc tir 0 dén k.

Lap ty s6 a/b. Néu % >0,103648 thi bo qua.

Tim x thoa médn 0<x<1 tu'% ( tra bang)

X

Tim T, theo cong thic T, =b /f,(x) v&i f,(x) = xx-1

Tinh T, = xT,.
o oo1 002 003 004 |005 loo6 007 008 005 |01
x 0012 00275 00467 0,707 0,008 0,1393 0,1904 0,2622 0,374 0,6113

Nguyén Thu Ha _ Ly thuyét diéu khién 5
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Hé thdng c6 dwéng thwe nghiém h(t) tuy ciing c6 dang hinh chir S nhung
khong thda man diéu kién 0<- < 0,103648.
+ Ham truyén dat:

_ k g
G(S) _(1 +Ts)"
Nhw vay ham qua dé h(t) caa khau PTn c6 anh Laplace .
__k "
H(S) = Sy

+ Ham qua dé la:
1 .
h(t) = k(1- e 7 X1, =) V6i 4; =

Do thi bode dugc biéu dién trén hinh vé véi tan s6 gay wg = 1/T
Trwde tan s6 gay og, L(w) cd dang song song vo&i truc hoanh trng v6i thanh
phan khuéch dai k, sau tan s6 gay thi L(®w) giam vé 0 v&i van toc la 20n dB/dec

Nguy&n Thu Ha _ Ly thuyét diéu khién

11/02/2020 .
tw dong



Bai toan nguoc: timk, T va n tir dwong dac tinh

Tim hangs6 ktheo  k=h_ = lim h(t)

t—o0
Ké duong tiép tuyén h,(t) vdi h(t) tai di€m udn. Sau dé xac dinh hai tham
s a la hoanh dd giao diém cla dudng ti€p tuyén h,(t) v&i truc thoi gian

va b 13 khodng thoi gian dé duong ti€p tuyén dé di tir 0 tGi h,.
Lap ty 56% . Néu O<% < 0,103648 thi dirng thuat toan vai két luan rang déi

twong phai dwoc mod ta bang mé hinh quan tinh bac hai
Tim n bang cach tra bang
n 2 3 4 5 6 7 8 9 10 11

% 0,1036 | 0,218 | 0,3194 | 0,4103 | 0,4933| 0,57 |0,6417|0,7092|0,7/32|0,8341

Tim Tt n va b theo cong thirc:
n-2
T _ b(_T 1)
e (n-2)!

Nguy&n Thu Ha _ Ly thuyét diéu khién

11/02/2020 .
tw dong
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Khau Lead va khau Lag déu la nhirng hé c6 chung ham truyén dat:
G(s) = 1+T;s
“14T,,s
Trong do :
Néu T>T, thi ta n6i do 1a khau Lead (dan trwéce)
Néu T.<T,, thi ta ndi d6 1a khau Lag (cat bot)

Ca hai khau déu c6 tan so gay la Og1= Tt i 0co= Tt

Néu T>T,, thi nhirng thanh phanco tan so cao trong tin hiéu dau vao sé duwoc
wu tién cho di qua (dan tan so cao), ngwoc lai khi T,<T,, thi khau wu tién nhirng
thanh phan cé tan sb thap ( cat bot tan s cao)

a) | rran Ty< T, b . L{w) Te= T

[ TTITIT T TTTTIm

L EHIE | T
— = T

W
- i
[T EH

—

Nguy&n Thu Ha _ Ly thuyét diéu khién
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T ham truyén dat ta c6 anh Laplace ciia ham qua do
a)
1+Ts 1 Ty -T, ¥=ho
H(S) — t — - _m t
S(1+Ty,sS) s 1+4Tys

1

—Toe Tm' KT,
Ham qué d6 h(t) = (1-2—22"1() =

m

Xac dinh tham s ctia md hinh Lead/Lag t d6 thi ham qua dé h(t) cta

noé nhw sau:

] Ké duong tiém can h_ vai h(t) tai t=co 161 X4c dinh k theo .

1 Ké duong tiép tuyén h,(t) véi h(t) tai diém t=0, sau d6 xéac dinh T, la
hoanh d6 cia giao diém giita dudng tiép tuyén h(t) véi duong tiém cén

h,.
* Xacdinh T theo Ty = ,qr
m
"
11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién

tw dong 12



] Ké dudng tiém can A, v4i A(f) tai roi xac dinh £ theo .

1 Lay mét diém A bat ky trén A(r) va ké duong tiép tuyén
h,(t) vo1 h(t) tar A, sau do xac dinh B la giao diém giira
duong tiép tuyén 4, (f) véi dudng tiém can A,

' Chiéu doan 1én tryc thoi gian (truc hoanh) dé ¢6 T .

* Xacdinh 7,te T, va k theo T = h(O)Th,

Nguy&n Thu Ha _ Ly thuyét diéu khién 13
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Khau dao ddng bac hai la khdu c6 ham truyén:

e I hre ]
G(s)= — = - - 0«0
1+20Ts+ T3 (Te+DF+1-D* =i

Ham qua dé (xem vi du 2.10):

_bt

h(t) = k[l—\/le_%sin[ l_TDZ ! arcosD ] T,
Bai toan ngwoc: xac dinh cac tham sbd k, T, D

e Tim k = h().

N \ V4 1

* TimAh=h_, —hg,vatinh D= =
1+
In? Ah‘
/ k
« Tinh T=-
T
11/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién »
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e Khau tré 1a mét hé dong hoc co ban cé quan hé gilra tin

hiéu vao u(t) vara y(t) Ia

* Kh&u tré c6 ham truyén G(s) = e=*

Wi)=ult—r)

rdwoc goi |a thoi gian tré

e va ham dactinh tan: G(jw) = e7?7 = cos(w1) — j-sin(w7)

a)

+ Céch 1: um 0

f 'y

{

G(s)=e ™~ 1 uif) ‘Eh'@‘m e ity =ut- 1)

(1+Ts)"

. Cach 2: cOng thirc xap xi Pade
1+bs+ -+ +b,s"

G(s)=e "~ -
1+as+ -+ +a,S

11/02/2020 .
tw dong
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2.4.Céc thuit todn diéu khién

16/04/2020 ) o 1
Nguyén Thu Ha _ Ly thuyét diéu khién tw dong



+ Tin hiéu diéu khién:

] u=kye
+ Ham truyén dat:
K(s) = % = kp ;Trong d6 k, : hé s6 khuéch dai

+ Pac tinh tan bién pha

Bode Diagram

K(J(O) — kp 15 -
~ . 145 -
+ Do thi bode g
A ~ A ~ 5 4
. Bién 46 tan s6 : L(w) = 20Ig(k,) -l 7
. Pha tan s6: ¢p(®w) =0 = ]
Nyquist Diagram
! : 125
08 1 -
0.6 - - _ 05| |
ol £
;7 o £ 05 i
-04 4 >1(;) ;01
-0.6 [~ E Frequency (rad/s)
16/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién 9
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+ Wu diém:

- La mét thuat toan diéu khién don gian, dé hiéu
- Tdc d6 tac ddng nhanh

- Chi v&i mot tham sb can diéu chinh

+ Khuyét diem: ,
Tén tai sai l&ch tinh khi dbi twong khéng cé chira thanh phan tich phan

+ 'ng dung:
- Diéu khién muc
+ Vi du
R2 2
— K(s) = ——
R4
Rl
U I - [
¥ + Ur
16/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién .
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+ Tin hiéu diéu khién: | |
1

u = k,(e+ T—ifedt) ol
+ Ham truyén dat: g
K(s) = 22 = kp(1 + ) ;
Trong do: k;: hé sO khuech dai
T hang sb thoi gian tich phan

+ Péac tinh tan bién pha S e

Bode Diagram
T T TTTT

a
o

. 1 .1
K(o) =k,(1 + %) =k,(1—j %)

N
o

Magnitude (dB)
w
o

+ Do thi Bode
_Bién do tan s6 : L(w) = 20Ig(k,)- 20IgT

N
o

[N
o

+20|g\/(Tla))2+1 0 e _
. Pha tan s&: ¢(o) = arctan(- —) :
i

-90 &=
-3 -2 -1 0
10 10 10 10
Frequency (rad/s)

Nguy&n Thu Ha _ Ly thuyét diéu khién

16/04/2020 .
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+ Wu diém:

- Triét tiéu sai léch tinh v&i d6i twong khéng cé chira thanh phan tich phan va
tac dong dau vao la ham 1(t)

- Puoc sw dung rdng réi trong céng nghiép

+ Khuyét diém:

- Tdc d6 tac ddng cham hon quy luat ti &

- Phai chinh dinh hai théng s6 nén tim dwoc thdng sé tdi wu la kho hon
- Co6 chra thanh phan tich phan nén tang tinh dao déng

+Vi du
Z R
A—l K
;;;; > Ge)=Ketl Ke=Kp K=K, /T,
v, R 1
+ i = __2 K e
I A R, ' RC

Nguy&n Thu Ha _ Ly thuyét diéu khién
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+ Tin hiéu diéu khién:

1 de
u = k,(e+ T_ifedt-I_TdE)

+ Ham truyén dat:

K(s) = 2 — (1+i+Tds) ;

E(s)

Trong do: k;: hé sb khuech dal
T hang so thoi gian tich phan
Td : hang s6 thdi gian vi phan

+ Béc tinh tén bién pha

+ Do thi Bode

. Bién d6 tan s6 : L(w) = 20Ig(k o)~ 20lgTo

+ 201/ Tw)2+(TdT|a)2—1)2

Imaginary Axis

80

60 ~

20 -

Nyquist Diagram

20

40 -

Khi 0<1/Ti<1/Td L(o) = 20Ig(k,)- 20IgT,®
Khi 1/Ti< w <1/Td L(®) = 20|g(kp)
Khi 1/Ti< 1/Td < wL(w) = 20Ig(k,)+ 20I1gT yo

Pha tan sé: o(o) = arctan(To - —)

16/04/2020

Nguyen Thu Ha _ Ly thuyét diéu khién
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+ Wu diém:

- Triét tiéu sai léch tinh v&i d6i twong khéng cd chira thanh phan tich phan va
tac ddng dau vao la ham 1(t)

- Puwoc s dung rdng rai trong cédng nghiép

+ Khuyét diém:

- Tbc dd tac dong tuy thudc vao théng sé Tiva Td , Tilén, Td I&n thi thién vé
quy luat PD toc dd tac dong nhanh

- Tinhd, Td nhd thi thién vé quy luat Pl toc dd tac ddng cham

- Phai chinh dinh ba théng s6 nén tim dwoc théng sé tdi wu la kho hon

- Co6 chtva thanh phan tich phan nén tang tinh dao ddng

- C6 chra thanh phan vi phan nén nhay cam véi nhiéu

+Vi du
e .
: H.I' ('.'““ K
HI II‘\‘ L G(S):KP-I-TI-'-KBS Kp:Kp
v :
TV Ki=K,/T,
E _ RO +RC, g - ! I_ .
Zyl _(‘”_ >——p: Kp=- RC, { RC, KD_Kp'TD
| Ky =-R,C

Nguy&n Thu Ha _ Ly thuyét diéu khién
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+ Tin hiéu diéu khién:
de
) u = kp (e + Td E)
+ Ham truyén dat:
K(s) = 55 = kp(1+Tss) ;

Trong do: k;: hé sb khuech dai

Td hang so thoi gian vi phan

+ Béc tinh tan blen pha
+ D6 thi Bode
. Bién d6 tan s6 : L(o) = 20lg(k;)

Nyquist Diagram
20 T T

15

10

Imaginary Axis
o

10t

15

-1 -0.5 0 0.5 1 1.5
Real Axis
Bode Diagram

30

+ 20lg/ (T w)? + 1

Khi 0<1/Td L(w) = 20Ig(k,)
Khi o >=1/Td Lo) = 20Ig(k,)+ 201gT 0

Pha tan sé: ¢(o) = arctan(T o)

16/04/2020

Nguy&n Thu Ha _ Ly thuyét diéu khién
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+Uu diém:
- Toc dd tac dong nhanh

+ Khuyét diém: ‘
- C6 chta thanh phan vi phan nén nhay cam véi nhiéu
- Ton tai sai léch dbi v&i d6i twong khéng cod chira thanh phan tich phan

+Vi du
Vi | G(s)=K,+Kps K =K
| KID KID T
Zi R =K. Tg
. L KP:__E KD__RQC p
Rl
16/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién 9
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2.5. Phén tich h¢ thong

21/04/2020 i} o 1
Nguyén Thu Ha _ Ly thuyét diéu khién tw dong



» Khao sat tinh on dinh cta hé thong.

» Panh gia cac chi tiéu chat lugng:

+Ché do xac lap: Sai 1éch tinh

+ Qua trinh quéa do: Thoi gian qua do va do qua diéu
chinh

Nguy&n Thu Ha _ Ly thuyét diéu khién

21/04/2020 .
tw dong



Hé théng 6n dinh Hé théng & bién gi¢i 6n dinh  Hé théng khong én dinh

Nguyén Thu Ha _ Ly thuyét diéu khién

21/04/2020 .
tw déng



/Binh nghia 2.6: On dinh BIBO (Bounded Input Bounded\
Output)

M6t hé thdng dworc 90| |a 6n dinh néu khi kich thich hé
bang tin hiéu u(t) bi chan & dau vao thi hé sé c6 dap ng y(t)
\o’ dau ra cling bi chan

J

-

¥

Dinh |y 2.5: Céc phat biéu sau la twong duwong:
a) Hé 6n dinh BIBO.
b) G(s) |a ham bén (co tat ca cac diém cwc nam bén trai truc

ao0).

o

)

21/04/2020

Nguyén Thu Ha _ Ly thuyét diéu khién
tw déng



e Cac dang dac tinh ham qua do

.00

— G1 he on dinh

~— G2 he on dinh

~— G3 he o bien gioi on dinh
— G4 he khong on dinh

. — G5 he khong on dinh ~ l/\ /
G4
G2 \
Gt

Vg

-50
0

50 100 150 200 250

Nguyén Thu Ha _ Ly thuyét diéu khién
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Pé kiém tra tinh 6n dinh ctia mot hé LTI, ta chi can kiém tra cac
diém cuc cua hé, cling chinh la cac nghiém cua da thirc dac tinh.

A(s)=as"+a, s""+---+as+a,

Hé s& 6n dinh néu A(S) c6 tat ca cac nghiém déu nam bén trai truc
a0 (co phan thuc am va khéac 0).

Mot so phu0’ng phap (dai sb) kiém tra dau cac nghiém cua A(s) ma
Khong can giai tim nghiém cua no: tiéu chuan Routh, tiéu chuan
Hurwitz, tieu chuan Lienard-Chipart.

Mot sO phuong phap (hinh hoc) danh gia on dinh; tiéu chuan
Michailov, tiéu chuan Nyquist, tiéu chuan Kharitonov.

21/04/2020 Nguyén Thu Ha _ LY thuyét diéu khién .
tw dong



+ Phat biéu: Diéu kién can va di dé cho mot
HTTT 6n dinh la cadc hé s cda phuong trinh dac
tinh dwong va cac dinh thirc Hutvitz cling phai
duong.

21/04/2020 Nguyén Thu Ha _ LY thuyét diéu khién
tw dong



Tiéu chuan Hurwitz

A(s) =ag+a;s+azs®+--+a,s"

A nxn.

* Dungmatran H € R™™™: o a, a a

a’O Cl2 0,4 a6

H=|0 a, a, a

0 a, a, a,

e Xac dinh cac ma tran:
a. a, a. a
a 0;3 015 1 3 5 7
_ _al a3 _ _ao a2 a4 a6
H1 al’ Hz _ ’ Hz o ao a2 0’4 ’ H4 o
a, a, 0 a a, a
al a3 O

aO CL2 a4

0
* Tinhcacdinhthitc D =det(H), i=12...,n
— A(s) la Hurwitz khi va chi khi cac gia tri trong day sau cung dau va khac 0:

D, D, D
a,, D, e, ——
"D "D, D
— S6 1an d6i dau trong day trén bang s& cac nghiém nam bén phai truc ao cla

A(S).



Tiéu chuan Hurwitz

Vidul[1l]: A(s)=0.5+s+2s" +3s°

Lap ma tran:

a, a, 0 1 3 0 | 3
H=\a, a, 0]|=|05 2 0|=H =1 H, = [0.5 2],H3 =H
a a, 0 1

Suyra: p =1, D, =0.5, D, =15 = A(s) la Hurwitz.



Tiéu chuan Hurwitz

Vidu2[1]: A(s)=51+11s+s" +3s°

Vi du 3 [2]: S& dung tiéu chudn Hurwitz, tim khoang gia tri clia
Kdé A(s) =25+9s+ (4 + K)s* +2s* +s' la ham bén

10



Vidu 2:

+ Diéu kién can: a>0=> théa man
+ Diéu kién da: Thanh 1ap dinh thirc Hutvitz

11 3
51 1

al a3
H =a =D =11, H, =

= D, =11-153 = —142 < 0

1
CLO a2

=> Hé thong khong 6n dinh

Nguyén Thu Ha _ Ly thuyét diéu khién

21/04/2020 .
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Vidu 3:
As) =25+9s+ (4 + K)s* +25° +s'

Piéu kién can : 4+K>0 => K>-4

Diéu kién dd : Thanh lap dinh thirc Hutvitz

14
=36+9K —-50>0= K > —

+ K 9

4

9 2 0 9 2 0 9 2
1
2

D =25 4+K 1|=25 4+K 1 25 44K
0 9 0o 9 2 0 9
—18(4 + K) —81—100 = 72 + 18K —181 = 18K —109 > 0

=> K >—

Két hop diéu kién can va du ta c6 véi K>109/18 thi hé thdng én dinh

21/04/2020 Nguyén Thu Ha _ LY thuyét diéu khién -
tw déng



e L& phuong phap dai sb thuan tién dé kiém tra tinh 6n dinh
BIBO ciia hé thong.

o Diéu kién can |4 tat ca cac hé sb cua da thuc dic tinh A(S) phai
cung dau va khac 0.

« D6i véi diéu kién can va du, dau tién phai thanh 1ap bang
Routh

Nguy&n Thu Ha _ Ly thuyét diéu khién

21/04/2020 .
tw dong
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Tu da thac dac tinh:

A(s)=as"+a ,s" +---+as+a, trongdo
A, ,a, , —a,a, 5

an‘,___ anZ +an4 dy6 - b1: 3 —,
p-1 %n 3 J‘G n-5 dp-7 ... n-1
bj bg b_q b4 - . = d, 18, 4 — A, A, s
2 ’
C] C> C3 C4 ... d, 4
: : : Tuong tu, CAC phan tir ctia hang thtr 4 duoc
ki ks tinh toan dua trén hai hang ngay trudce no.
C = b13-n—3 B an—lbz
1 bl !
C blan 5 n 1
2

» C4c phan ttr & cac hang tiép theo duoc tinh toan mot cach tuong tu.

Nguy&n Thu Ha _ Ly thuyét diéu khién

21/04/2020 -
tw dong
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Céc dicu kién can va du la:

» Néu tat ca C4c phan tir trong cot dau tién cua bang Routh déu
cung dau thi tat ca cac nghiém cua da thtre dic tinh A(S) déu cé

phan thuc am.

» S6 lan d6i dau trong cot dau tién bang sb cac nghiém ctia A(S)
c6 phan thuc duong.

Vi du:
3 10| A()=2s"+5"+3s"+55+10
1 5 0 Tur bang Routh ta thay cac phan ti
7 10 trong cot dau tién doi dau 2 lan
663 0 —> da thirc dac tinh co hai nghiém co
'10 phan thuc duong.
- hé khong 6n dinh.
21/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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e +B1: Xac dinh ham truyén dat cta hé thong

e +B2: Viét phwong trinh dac tinh

e +B3: Kiém tra diéu kién can ai>0

* +B4: Thanh bang Routh hodc Hutvitz

e B5: K&t hop diéu kién can va dd ( co thé két
hop diéu kién dé bai)

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Cho hé théng c6 cau tric sau. Tim diéu kién cla k dé hé thdng kin 6n dinh

4
1+25+ ESE +=1§3 +5"r

J"} o{s)=

Nguyén Thu Ha _ Ly thuyét diéu khién
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Khai niém hé kin (phan héi am) dwoc mo ta trwc quan & hinh
2.71 v&i hai khau tuyén tinh c6 ham truyén hop thirc 1a R(s)
va S(s). Khi dé hé kin sé duoc cé6 ham truyén G(s) cho cac

trwong hop phan hoéi khac nhau nhw sau:

o Phan hoi thyc (phan hoi don vi): 6. (5) - _KE)GO)

K 1 K (s)G(s)
- A . 2 > A ~ G(s)
o Diéu khién phan hoi: %) = TR 96)
o Diéu khién thwe (truyén thang Gy (s) = —
.\ . 1+ K(s)G(s)
don vi):
Nguyén Thu Ha _ Ly thuyét diéu khién 18
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a) b) c)
w({) o LEe _J-['(_f)’ w(f) 9 yf w(f) J(6
‘_ E o(s) T E 6 (s) | x(s) ._r
Phan héi "thuc" Piéu khién phan pieu khién
hoi "thuc"

Hinh 2.71: Mdt 50 dang hé hoi tiép thuing gap.

Nhw vay tat cd cac dang hoi tiép da xét & trén déu co ham truyén
v&i mbét mau sO chung la ham sai Iéch phan hoi

F(s) =1+ K(s)G(s) =1+ G(s)

trong d6 tich Gp,(S) = K(s)G(s) duoc goi la ham truyén
cua hé ho:.
Nguyén Thu Ha _ Ly thuyét diéu khién
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« Phét biéu: Mot hé thong kin on dinh khi va chi khi:
e Hé hé 6n dinh va dic tinh tan bién pha ctua hé hé khong bao diém (-1,j0)

« Hé hd khong 6n dinh néu ham truyén Gh(s) ctia hé hd c6 m diém cuc
khong nam bén trai truc 4o (nam trén truc 4o hodc nam bén phai truc o),
thi can va du dé hé kin on dinh la dudng dic tinh TBP cta hé ho bao
diém —1+0j ciia mit phang phirc mot goc mr theo chiéu nguoc kim dong
ho.

Nguy&n Thu Ha _ Ly thuyét diéu khién 20
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e Khai niém mot dwong cong bao 1 diém
M>< N M
N
a) b)
C) d)

Nguyén Thu Ha _ Ly thuyét diéu khién
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Gia thiét hé h& 6n dinh
ImiFg ImZp ImiFg

-1 Fel?y BeZy ~ -1 1 EelFg

HE kin dn dinh Hé kin khéng dn dinh Hé kin dn dinh

Vi du: Hay xét tinh 6n dinh cta hé kin khi biét ham truyén dat ctia hé h& c6 dang:

5
Gp(S)=
h ( ) S3 + 252 +4S+8 ) w101 Step Re[sponse

| . Il

Il

1 Il
. =l
ok {l

g <05 \‘\H
| | |

1 1 1 1 1 | | 2 Hé-m qUé. d.(’.j Caa Gk
| | TB P CG;aIE h | .2.50 2‘0 4‘0 6‘0 8‘0 Time(l(;eionds) 1;0 140 160 180 200
21/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién >
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AL 2 ~ 2 . : b jim(w)
Hé hé khdng &n dinh § fimfw) Fe
a) Hé kin on dinh i (-1, 0)
b) Hekinkhongéndinh N\, = 7 aw) NN g @)
c) Heé kin khong 6n dinh —=>—— — w__(\ )
d) Hé kin 6n dinh \J
e) Hé kin khong on dinh =1 GG m=1 |Gu®
(a) (b)
| jlm((o) ‘]j|m(03)
4ijlm(@®)
(-1, 0) (-1, 10)
g Gjo) Gljo)
WA S ERNE ST
\m—w} 4 (ij =0 '\ o—>A) N0 g
G(jw) —
m=1 m=2 2
(c) (d) (e)
21/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién 23
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Vi du 1: Hay xét tinh 6n dinh cta hé kin khi biét ham truyén dat ctia hé h& c6 dang:

5
Gn(S)=

—

/ TBP cla Gh \

\

\

-

/ Ham qua dd cua Gk

Time (seconds; )

Vi du2: Hay xét tinh 6n dinh cGa hé kin khi biét ham truyén dat cia hé hé c6 dang:

Gp(S)=——

21/04/2020

s2—5-2 ,

Imaginary Axis

©
w

<
N

o
=

o

.
©
=

.
<
N}

©
w
T

=]
'S
T

.
<
3

Nyquist Diagram

o ¢
N o
T

TBP cua Gh

Real Axis

-0.5 0

%1026 Step Response
15 T T
T \ V4 ~n > ]
Ham qua dé cua Gk
0.5+ 1
3
2
5 0
£
<
-0.5F
KRS
15 . . . . .
0 20 40 60 80 100 120

Time (seconds)

Nguyén Thu Ha _ Ly thuyét diéu khién
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Téng quat hda dinh ly 2.7 cla Nyquist cho viéc xac dinh hang s6 khuéch dai k
cla bd diéu khién dé hé kin c6 ham truyén hé h& I3

Gr(s) = kS(s)duwoc 6n dinh, ta cé dinh ly sau:

Dinh ly 2.10: Xét hé kin c6 ham truyén cGia hé ha la G, (s) = kS(s)

Gia sl rang S(s) c6 m diém cuc khéng nam bén trai truc 3o (nam trén hodc
nam bén phai truc 30). Khi d6 dé hé kin 6n dinh thi can va dd 1a dwong dac

tinh tan bién pha cta khau S(s) bao diém —%+j0

trong mat phang phrc dung m 1an theo chiéu ngwoc kim déng ho.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Cho hé théng cé cau tric sau. Tim diéu kién cla k dé& hé thdng kin 6n dinh
. ¥ G 1
5= 1
14+285+28 +48 + 8

Tim nghiém cua G(s) Nyquist Diagram

>>roots([14 2 2 1))
-3.5752 + 0.0000i
0.0498 + 0.7286i
0.0498 - 0.7286i
-0.5244 + 0.0000i

ha?gmary Axis

pé hé kin on dinh thi dac tinh TBP cula S
Phai bao -1/k v&i 1 goc 2n

1 1
1<_E<4~ _1<k<_Z

Real Axis

21/04/2020 Nguyén Thu Ha _ LY thuyét diéu khién .
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Kiém tra tinh 6n dinh cda hé kin khi d3 biét dwgc rang ham truyén
G,(s) clia hé hd 1a ham bén nho biéu d6 Bode

L(0)=201g|G,(jw) | vao(w)=arcG,(jw) cuaG,(s).

Nguyén tic kiém tra nhu sau:

1 Néu L(w) c6 doan nam phia trén truc hoanh thi _32223|Gh(ja))|> 1

] Diém cat cla G,(jw) v&i dudng tron don vi 1a giao diém cla L(w)
v@&i truc hoanh.

] Tan s6 cat w, l1a hoanh dé giao diém cla vdi truc hoanh.

] Goc ¢, =arc G,(jw,) la tung d6 cla ¢(w) tai tan sé cat w,

] Hé kin s& &n dinh néu @, nam phia bén trén duong o(w)=-r

Nguy&n Thu Ha _ Ly thuyét diéu khién

tw dong 21
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 Vidu: Xét tinh 6n dinh nho biéu d6 Bode

e Tl giao diém duwong cla biéu d6 Bode dé voi
truc hoanh (dwong ngang tai 0 dB) ta xac dinh
duoc tan sé cat owc = 1 s-1. Ti€p tuc, vdi tan sb
cat d6 ta doc ra dwoc tir dwong ¢(w) géc pha
¢, =-130°. Vi, =-130° >- 180° nén hé kin la

~ d. h Lia) g )
on In 40 B T
e s e L O N L 111 gy
P - HHISg T - H A T i
agpl T UVHIIE TSSLE e e,
_lTHHh SRR SR RLTTII |||||||_EIJ
u
~20 o8 1.2 b — PN = |90
AR L ™ 1
—~0dB) 4 U - ALy R TS
oo 1| e 13 LLTIN
G0 B | LU L L PN UL 50"
RRITITRARREE T AT SN {[] A
—a0dB =180

i} we =ls
Nguy&n Thu Ha _ Ly thuyét diéu khién
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>> G=tf([1000 10],conv([10 1],conv([1 1],[0.1 1])))

Bode Diagram

G — 40
o 20
1000 s + 10 g
‘c -20 -
A3 +11.1sM2+11.1s+1 =0
S0
Continuous-time transfer function. s
>> bode(G) & o)
>> Gk=feedback(G,1) PP AT RN S M M s L
1074 1072 10° 102
Gk = e uency (radls)
1000s + 10 q /\ ‘
____________________________ 3 1r v/\/\f_—
s"3+11.1s"2 + 1011 s + 11 £ ‘
Continuous-time transfer function.

Nguy&n Thu Ha _ Ly thuyét didu khién’
>> step(Gk) tw dong
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Cho hé théng cé cau tric sau. Tim diéu kién cla k dé& hé thdng kin 6n dinh
Y Gis) 1
F1=
4
14+285+28 +48 + 8

Tim nghiém cua G(s) Nyquist Diagram

>> roots([1 4 2 2 1))
-3.5752 + 0.0000i
0.0498 + 0.7286i
0.0498 - 0.7286i
-0.5244 + 0.0000i

ha?gmary Axis

pé hé kin on dinh thi dac tinh TBP cula S
Phai bao -1/k v&i 1 goc 2n

1 1
1<_E<4~ _1<k<_Z

Real Axis

21/04/2020 Nguyén Thu Ha _ LY thuyét diéu khién -
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1. Pinh nghia qua trinh qué d¢ va ché do xac lap

Khi phan tich hé thé)ng,,ngub’i ta thuong st dung hai khai niém

qua trinh qua do va ché do xac lap.

« Qua trinh qué do 1a giai doan hé thong dang chuyén doi tur
trang thai cti sang mot trang thai mong muodn Khac.

« Ché d6 xac 1ép, la giai doan hé thfmg da dat dugc dén trang thai
ma1 mong muon (hoac da gan dén).

 h(f)

2

£
Che do xac 13p

ARSI

Piém phén chia qua trinh qua do va
ché dd xéc Iap.

' Qué trinh qua dér'

Nguy&n Thu Ha _ Ly thuyét diéu khién
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1.1. Chi tiéu chat lwong & ché d9 xac lap
Gia tri sai léch tinh cua hé kin:
= = lime(t) = llr% SE(s)= llm S(R(s)-Y(s))
—00 S—
H¢ duoc goi la ¢o chat luwong 16t néu nhu cO e =0. Viéc danh gia sai
léch tinh thudng duoc thue hién vai mét dang cu thé cla tin hiéu vao
r(t).

Nguyén Thu Ha _ Ly thuyét diéu khién
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* Vi du: Cho kich thich @(t) = 1(t) & d3u vao cla hé cé cau
tric phan hoéi thuc véi ham truyén hé ho:

B 1 4
) G -ggE P G

* Tathay & truong hop a) hé khéng co sai léch tinh vi G, (s) cé
chira thanh phan tich phan, nhung véi b) thi hé cé sai léch
tinh va sai léch d6 bang 0,2.

Nguy&n Thu Ha _ Ly thuyét diéu khién 33
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C6 hai théng so co ban dac trwng cho qua trinh qua do, dé la:
] Thoi gian quda do T.,,. Day la diém thoi gian ma ké tir sau do h(t)
nam trong khoang +5% cda gid tri xac 1ap h_, cda né.
(1 PO qua diéu chinh Ah, dwgc dinh nghia la:
Al = m.rax Miy=h, = Hpgp— 1, =0

hif) ¢ Gua trinh qua J4

-F!mm:'

Ham cua do cia khéu dao Jong

bac hai. :
' T Timax Tae,

Nguy&n Thu Ha _ Ly thuyét diéu khién 34
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Vidu 1: Cho hé dao déng bac hai:

Gi(s) = K _ VO
1+20Ts5+(TsYF

Xac dinh hai thong so T, va Ah.

T muc 2.2.8 ta da dwoc biét la hé nay c6 ham qua do
(2.112), d6 qua diéu chinh (2.116) va thoi gian T, (2.114)
nhw sau:

D 2 2
——t _ —
h(t)=k—ke T |cos 1-D t|+ D sin 1-D t||,t=0
T 1-D? T

Ah = k exp( 7D ] va T = dl

0« D«

V1-D? 1-D?
Suyra
-DT
k exp (Jj ~0,05k PN Teo, = TIn20 < 3T
21/04/2020 T Nguyén Thu Ha _ Ly thuyét diéLRhién D

tw dong 35



e Vidu 2: Xac dinh thoi gian quéa d6 va dé qua diéu chinh
Xét hé kin cho & hinh 2.79 véi ham truyén cda hé hé

.'I
Gy(5)= A 5)5(8) = .
| n(8) = RL&)S(8) T8
Khi d6, ham truyén cta hé kin sé |a

Gls) = Gh(s) _ 1 _ 1
T14Gh(s)  14T.s+TT.®  142DTs+(Ts?

T1. TE:}D

 trongdo

1 |T
=42 v D= 5 T—l

Vay trong truong hop T,<4T, hé kin vdi la mét khau dao dong bac

--I

’ T,
hai.Suyra Ah = 8Xp| —7 1
va ' 4

T.—T, |
o — |
Z i y
3T
Tsy = o - 6T,
21/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién .
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 Bai 1: chohékin mé ta ¢ hinh 1.
« 1. Hay xé4c dinh ham truyén dat twong duong G(S) cta hé.

« 2. Biét rang G1=G2=G3=G4=1 va G5= i Hay tinh ham trong luong g( t)

va ham qua do h( t) cia hé. Tir d6 kiém tra lai quan hé g(t)= d';(tt)

« 3. Biét raing G1=G3=G4+G5=1 va G2 la khau tich phan—quan tinh bac nhat
¢ ham qua do h, (t) cho & hinh 2. Hay xéc dinh k dé hé kin 1a mot khau
dao dong bac 2 tat dan. Tir d6 tinh cu thé do qué diéu chinh Ahmax va thoi
gian qua do T5% tng vai k=2.

e 4. Gl=k, G3=G4+G5=1 va G2= . Tim diéu kién cho T1, T2 dé hé
T1s(T2s+1)

kin cd dang dao dong bac hai. Chting minh rang thoi gian qua d6 T5% cua
hé khong phu thudc hang so k.

Nguy&n Thu Ha _ Ly thuyét diéu khién 37
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T

4y (t) 4
i}-— Gl GE _ﬁ G3- _—; ik
G, = ___1__:
: Hinh 2 ;
Gﬁ, - -
2
Giai:
1. Ham truyén dat twong duwong:
G2G3
G(s) =G1
1+G2G3(G4+G5)
21/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién -
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. Thay cac gia tri cia dau baita co:

G2G3 1 s+1
G(s) =G1 = — =
1+G2G3(G4+G5) 1+(1+S+—1) 25+3
Tinh ham trong luvgng:
3 1

Ta co g(t) =

{s+1}_%L—1{ﬂ}=lL—1 ~z 2

254+3) s+% 2 g43
; 1

S R i 5(t ——e“t

> o ( (t) )

Nguy&n Thu Ha _ Ly thuyét diéu khién 39
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Tinh ham qua do:

Taco h(t) = L1 { st } == 1 { S+13 } =
s(2s5+3) 2 S(S+E)

N |-

1

2 1 3
L ooy 2t e o (S - e 2
s+2f 2 s os+2) 233

dh(t 1 3 1,2 1 -3
L8 e 1ty S B+ 2 e 2)3(t) =

Chirng minh:

3
—e 2" +=5(t) =g(t) Viham 8(t) chi cd gid tri tai t=0

Nguy&n Thu Ha _ Ly thuyét diéu khién
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* G2 la kh4u tich phan quan tinh cé ham truyén dat dwdi dang:
k

s(1+Ts)
e TwddthitasuyraT=2;k=tana =k
* Vay ham truyén dat ctia hé kin bé’\ng:
k

k
o G( ) — S(1+?{S)

_k+S+282
\Teren 142 \F \f ( \f )

e Mudn hé kin 13 khau bac 2 tat dan thi:

D= |—<1 vay k>~
\/ 8k 8

* HoacA=1-8k<O0,suyrak >1/8

Nguy&n Thu Ha _ Ly thuyét diéu khién
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* Voik=2thiG(s)=—— = 1

+5+252 1+%S+sz

e Vay tham sé ctia khadu dao ddng bac hai la:
k=1;T=1;,D ="
* PO qua diéu chinh

—_ —1ntD . T2y — Wy
Ah = kexp (W) = exp(\/E) = exp ( \/1_5) =0.45
* Thoigian qua do 16
3T
TS% - F - 12 S
21/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién "
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* Thay di liéu vao ham truyén dat ta co:

1

k
. G(s) =G1 G2G3 _ T1$(1-|1-T25) _ k
1+G2G3(G4+G5) 1+T1$(1+T25) 14+T1s+T1T2s?
. Tach 2DT = T1
‘\T = VvT1T?2
T1 LA L 1s LA

suyraD = TTiT3 0<D<1 suy ra T1<4T2 thi hé kin la khau dao

dong
+ Thoi gian qua 46 T5% == = ~— = 6T2

2T1T2

* vay khong phu thudc vao k

Nguy&n Thu Ha _ Ly thuyét diéu khién
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P3it van deé

* DO vdi mot hé thong diéu khién ty ddng, khi cé mot théng s6
bi€n ddi ( nhu hé s khuéch dai K, hang s6 thoigian T, ...) tir 0
- 0, ta can phai xac dinh pham vi nao cda théng s6 bién d6i dé
thi hé théng 6n dinh.

* Trang thdi 6n dinh cda hé théng cd thé biéu dién bang vi tri
nghiém s6 cda phuong trinh dac tinh cda hé kin trén mat
phang phtc.

« Khi théng s6 bién doi thi vi tri nghiém ciing thay d6i tao nén
mot s& quy dao nao dd trong mit phang phirc goi 1a quy dao
nghiém so.

21/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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2! g ¥

Xét truong hop tong quat cho hé 4-1‘]'(}% k Sy
B(s) by+bs+ -+ +b,s" ‘

G, (s) =kS(s) =k =
n(s) ®) A(s) aj;+as+ - +a,s"

L 3

L3

Goi p; 1a cac diem cuc va q 1a cac diém khong cta S(s). Khi d6 Gp(s) s& viét duge thanh

(s—qy)(s—q;) --- (Ss—aqy)

(s—p)(s—pP2) - (5—Dpy)

Hé kin 6n dinh néu nhu cac diém cuc ctia ham truyén hé kin, tic 12 nghiém cta ham sai
léch phan hoi F(s) = 1+ G, (s) = 1+ kS(s) nam bén trai tryc ao

G,L(s) =k

Nguy&n Thu Ha _ Ly thuyét diéu khién
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« Pé xay dung dudng quy dao nghiém sd, ta cd sdu quy tdc
cua Evans phat biéu nhu sau:

1) Quy tdc 1: Quy dao nghiém sé c6 dang déi xirng qua truc thuc

2) Quy tdc 2: Quy dao nghiém sé c6 n nhdnh. Cdc nhdnh ndy déu
bat déu khi k= 0 & nhitng diém curc p; cua S(s). SE c6 m
nhdnh két thuc khi k — co tai cdc diém khéng q, cua S(s).

3) Quy tdc 3: Quy dao nghiém sé c6 n — m nhdnh kéo ra xa tén

vO cung khi k — oo,

Nguy&n Thu Ha _ Ly thuyét diéu khién 46
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4) Quy tdc 4: n-m nhanh kéo ra xa vo cing déu cO duong tiém

can. Cac dwong tiém cdn do clng cat truc thuc tai mot diém:

ro=—— (X721 pj — 2t dk)

va hop voi truc thuc mot goc

yl=%n 1=0,1,....., n-m-1

Nguyén Thu Ha _ Ly thuyét diéu khién
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5) Quy tdc 5: Cac nhanh ciia quy dao nghiém sé cat nhau tai nhitng diém théa

man:
n 1 m 1
j=1os,. = k=1

S—Dj S—qk
Va néu tai giao diém dsé ¢ r nhanh thi cac nhanh dsé hop véi nhau mét
goc la 2n/r

6) Quy tac 6: Giao diém s.= jo, cia quy dao nghiém sé véi truc do & nghiém

cua.
- - Re/A(jo.)] + k.Re/B(jo,.)]=0
A kB = _ |
(](Dc) + K. (](Dc) 0 {[mﬂ‘l(]@c)] n kclm/B(](x)C)]ZO
21/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién "
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Cho hé kin cé cau truc so d6 khoi nhu trong hinh 2.91a) va
1

5(s)= s(s+2)(s+4)

* S(s)cédbadiémcucla s;=0,s,=-2vas,=-4.Ngoaira5(s)
khéng co diém khéng. Do dé quy dao nghiém sé md ta hé kin
s& gom ba nhanh va ca ba nhanh nay déu kéo ra xa vb cung
khi k—o0. Ba nhanh quy dao nghiém déu cé chira nhirng doan
trén truc thuc gdm doan thang gitra cac diém s;,=0,s,=-2va
nlra dwdng thang bén trdi diém s, = -4
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Pudng tiém can cla cdc nhanh ddng quy tai

o =%(o—2—4)=—2

va hop voi truc thuc cac goc

T 5t *
Yo = §JV1=7TJV0= 3
Cdc nhanh cd giao diém vdi nhau tai
1 1 1
h——+ 0

s Ss+2 S+4=

3s2+12s+8=0
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2 2
s=24, s = 2=

* Trong d6 chi cé sl la giao diém, con s2 khéng thudc vé quy
dao nghiém sb nén bi loai

* Tai giao diém s, c6 r = 4 nhanh nén cac nhanh dé hgp vai

N s V) T AN e N ~ N ~ 9
nhau mot goc bang > Cudi cung, quy dao nghiém so6 cat truc
ao tai

+ jo(jog+2)(jos+4)+k, = 0 = o, = 2v2 va kc = 48
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>>S=tf(1,conv([1 0],conv([1 2],[1 4]))) % dinh
nghia ham truyén dat cta S(s)

>> rlocus(S) % vé quy dao nghiém so
>>rlocfind(S) % Tim giao diém cla quy dao
nghiém s6 v&i truc do dé suy ra k

21/04/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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1 Néu tat ca cac diem cuc déu nam bén tréi truc ao thi G(s) la

ham bén.

] C4c diém cuc nam cang xa truc 4o vé phia trai, qua trinh qué
d6 cua hé cang ngan, trc 1a quan tinh caa hé cang nho.

21/04/2020

Step Response

0.5 L —— T
/ k=5; T1=1/20;T2=1/5

0.45 / k=5; T1=1/2,T2=1/5 [
0.4 4
0.35 //
03

o /

e

§- 0.25 ,

< /

Time (seconds)
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] Néu G(s) ¢6 mot diem cuc khdng nam trén truc thuc (cO phan
ao khac 0) thi qua trinh qua do h(t) c6 dang dao dong véi vo
sO Cac diém cuc tri. C4c diém cuc nam cang xa truc thuc, tan
s6 ctia dao dong cang 16n.

x10° Step Response
T T

T
25
2

()
E
g 15p- v
£
<

T T
k=5,[1 200i+10],[1 -200i+10]
k=5,[1 50i+10],[1 -50i+10]

S

r r r r r
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (seconds)
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] Néu G(s) c0 it nhat mot diém cuc 1a goc toa do thi hé s& cd
chtra thanh phan tich phan va do d6 tin hiéu ra luén thay doi
khi tin hiéu vao con khac 0O

21/04/2020

Step Response

0.05

0.045

|

0.04 -

0.035

|

o

o

@®
i

0.025

|

Amplitude

o

o

N
I

0.015

|

0.01

0.005

|

0

r r r r r r r r r
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time (seconds)
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] Nhimg hé c6 diém khong 1a gbc toa dd déu mang dic tinh vi phan. Céc
hé nay s& phan tGng rat nhanh véi sy thay doi cua tin hiéu dau vao.

1 Néu G(s) la ham hop thirc khéng chit (m=n ) thi ham qua do h(t) cua
hé thong sé khong xuat phat tir goc toa dd, tirc 12 h(0)=0 .

] Néu G(s) 1a ham hop thac chat (m<n ) thi ham quéa do h(t) ctia hé
thong s& xuat phat tir goc toa do, tire 1 ¢6 h(0)=0

Step Response Step Response

0.12

25

2s+1/5s+1
5s+1/2s+1

0.1

0.08 -
15

0.06 -

Amplitude
Amplitude

0.04

05p
0.02 -

r r 0 r r r r r r r r
35 4 45 0 5 10 15 20 25 30 35 40 45
Time (seconds) Time (seconds)
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Dinh nghia 2.7: Trong so tat ca cac hé cé cung bién do |G(jw)| cua
ham dac tinh tan thi hé cé goc léch pha ¢(w) nho nhat dwoc goi
la hé pha curc tiéu.

Dinh Iy 2.14: Hé pha cuc tiéu cé ham truyén G(s) thuc — hiru ty,
phai c6 tat ca cac diém khong (hiru han) nam bén trai truc ao.

a) R b)

Khé&u thang tan
1

Ham qué da cla khéu théng tan va cla hé pha khing cuctidu,
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2.6. Thiét ke b dieu khién

05/05/2020 B o X 1
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 Tén goi PID la chir viét tat cha ba thanh phan co ban cé
trong bd diéu khién (hinh 2.100a) gdom khau khuéch dai (P),
khau tich phan (1) va khau vi phan (D).

ﬂ} ip h}
W g ¥ |Béituong | P
L,E | | o B PID —dizu khién
F Tll-ﬂ ur -
T_I?_:I.S . a LA pey A A
U Dieu khien wai ba digu khign PID.
05/05/2020 Nguyén Thu Ha _ Ly thuyét diéu khién 5
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B6 diéu khién PID dwoc md t& bang md hinh vao-ra:

t
u(t) =k, [e(t)+ Tije(f)dHTD dz(tt)]
0

trong d6 e(t) 1a tin hiéu dau vao, u(t) la tin hiéu dau ra, k, dwoc goi la hé
sO khuéch dai, T, 1a hang so tich phan va T 1a hang so vi phan.
T m6 hinh vao—ra trén ta c6 dwoc ham truyén cla bd diéu khién PID:

R(s) =k, Ll + Tis + TDSJ
|
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B diéu khién PID lién tuc :

25 Yy
s’ +6s+8

B diéu khién PID s (rdi rac) :

—» . >
E(z) K.T z+1 U(z)
* —» 21 ; 3

g ( ) '
U Kp z-1 :
T v
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« Kp cang 16n thi toc dé dap tng cang nhanh.

« Kp cang lén thi sai so xac 14p cang nho (nhung khong thé triét
tieu).

 Kp cang 16n thi cac cuc ciia hé thong c6 xu hudéng di chuyén ra
xa tryc thuc => Hé thong cang dao dong va do qua diéu chinh
cang cao.

 Néu Kp ting qua gia tri giéi han thi hé thong s& dao dong
khong tat dan => mat 6n dinh

Nguy&n Thu Ha _ Ly thuyét diéu khién
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* Tin hi€u ngo ra dugc xac dinh bo1 sai SO.

* K, cang l6n thi dap ing quéa do cang cham.

* K cang 16n thi sai s0 xéc 1ap cang nho. dic biét h¢ so khuech
dai cua kpéu tich phan bang yé cung khi tan s6 bang 0 => triét
ti€u sa1 s6 xac lap vo1 ham nac.

K, cang lon thi d§ qua diéu chinh cang cao

* Kycangldn thi dap ng qua d6 cang nhanh.

* Ky cang lén thi d6 qua diéu chinh cang nho.

« Hé so khuéch dai tai tan s6 cao la vd cung I&n nén khau hiéu
chinh D rat nhay v&i nhiéu tan sé cao.

« Khau vi phan khong thé sir dung mdt minh ma phai dung két
hop v&i cac khau P hoac |
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 Hién c6 kha nhiéu cac phwong phap xac dinh céac
tham s6 k,, T,, T cho bg diéu khién PID, song tién ich
hon cé trong ng dung van la:

1 Phwong phap Ziegler—Nichols

| Phwong phap phan hoi ro le

~ Phwong phap toi wu dd I1én va phwong phap téi wu doi
xwrng

1 Phwong phap gan thoi gian xac lap

Nguy&n Thu Ha _ Ly thuyét diéu khién

05/05/2020 .
tw dong



Ap dung cho ddi twong la khau quén tinh bac nhat c6 tré
hoac xap xi vé khau quan tinh bac nhat co tré:

G(s) = ——eLs

1+4Ts
a) b)
k T T i hm & hm
P | D 2 O (S 2 e
T | |
P kL i i
| |
kl 3 : . : .
H i :*_3": i i
PID 1.2T 2L O_5L 1L T | LT
KL Hinh 2402 Xac dinh tham 26 chamd hink xép
Frrarl Daforanco crrra nnd foand s ﬂ'ﬁuih T ety
05/05/2020 Nguyén Thu Ha _ Ly thuyét diéu khién 3
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« Phwong phap thwe nghiém thi hai nay c6 dac diém la
khong st dung mé hinh toan hoc cta déi twong, ngay ca
mo hinh xap xi gan dung. Ndi dung cta phwong phap
thr hal nhuw sau:

| Thay bd diéu khién PID trong hé kin a) bang khau
khuéch dai. Sau do tdng hé s6 khuéch dai t&i gia tri toi
han k,, dé hé kin & ché dd bién gi¢i 6n dinh b), tic la
h(t) c6 dang dao ddng diéu hoa. Xac dinh chu ky T,, cla

dao dony. N T T \
pr g ¥ it Y 15 ’ i b
s aidu khidn S\ \
— 1 I | \ "I.
"1/ / /
f
W&C dinh hédng S8 khuéch Jai téi han. 1 2 3 5 7 9
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kP TI TD
P 0.5 ki,
P 0.45k,, | 0.85Ty
PID 0.6k, 0.5T,, | 0.125T,,
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Qua trinh

PID _TA

k, = 4d/am




Step

Step2

047
05142 > D%z ._|:| . -
F20s+1
Step Gain Transfer Fen Transport Scope ToVieienae
Crelay
0.4F
S — E‘%{ - L]
0.45714.2 S—
Transfer Fon1  11ansport Seoped
- Crelay
Gaint 140 257 15E) l_ ¥
Gain? Integratar
0.125™186 dudt
Gains Drerivative
0.47 I:l
P
F20s+1 éz
Transter Fenz  Transport ScopeZ
[ala
AN0LET B 1_ 2
aaind Integrataor
-l
' Relay
j it » D%KJ_*I:'
320+
e Transfer Feng  Transport Seoped
Crelay3
»
Relay
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L(w)4 Cangréngcangtét |
w e u y R L T T T
R(s) S(s) > 0 bt
= LTSN T ETTSL
DETTIIE TN TN T TN
—20 [——t = H Hit- —i—i—HH g = H H g -+ HH
RN AT L LI
LU UL LT TR
G(s) = A(s)S(s) =0 UL 11 FEHEE SR
1+ R(s)S(s) T A o N[
M
D, 1, o, 10w, @

Muc dich : Thiét ké bo didu khidn R(s) théa man:  |G(jw)| ~ 1
trong dai tan sb thap c6 dd réng I&n dwoc goi la bd diéu khién tbi wu
do Ilon.

»  Phwong phép toi wu do lén duoc ap dung cho céc ddi twong S(s)

c6 ham truyén dang

— Quan tinh bac nhat

— Quan tinh bac hai

— Quan tinh bac ba

Nguy&n Thu Ha _ Ly thuyét diéu khién
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1. Diéu khién déi twong quan tinh bdc nhat
. Xét hé kin c6 so’ dd khdi cho trén hinh vé trong doé:

D6i trong 12 khau quan tinh bac nhét: s(s)=——

Bo diéu khién 1a khau tich phan: H,:E}_i
.'E

Ham truyén hé ho:

NN .
A FCRES I = R

, A ba LGS = f . T

« Ham truyén hé kin: Gl&l= T TI R voi Te=
Pinh Iy 2.16: Néu doi twong diéu khién l1a khau uqu an tinh
bac nhéat , thi bd diéu khién tich phan v&i tham sd '~

sé la bo diéu khién téi wu do Ion. P

Nguy&n Thu Ha _ Ly thuyét diéu khién
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- Tiép theo ta ban vé trworng hop ddi twong S(s) co6 dang:

S5 = « v&i cac hang so thoi gian Ti
nhd (1+ s+ Tz8) - (1+7T,5)
. Khi do ta xap xi vé khau quan tinh bac nhat co
T=XioT
+ Vidu: Gia s dbi twong diéuEkhién codang
3(&)= = I AN
(1+0,18)" / \
. Vaythik=2 va T=0,6. Ny T
+ Do d6 bo diéu khién | dwoc st dung sé& co: ;

1 24 B 8§ 10121416 18
2,4s

Nguy&n Thu Ha _ Ly thuyét diéu khién
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« Xét hé kin c6 so do khdi cho trén hinh vé trong do:
- B diéu khién 1a khau ti 1& tich phan:

R(s) = kp(1 =) =00 @S g T
P T|s T,s TrS Kp
, _ k
« D4i tweng la khau quan tinh bac hai: 5(s) = (1+T,8)(L+T,9)
6 ls) = k(1 + T;s)
. Ham truygn hé hé:  Trs(L+Tis)(1+Tys)

« Pinh ly 2.17: Néu d6i twong diéu khién 1a khau quan tinh bac
hai , thi bd diéu khién ti 1& tich phan v&i tham sé: T, = T; kp = — >

"~ 2KT,
sé la bd diéu khién téi wu doé lon.

Q Néu déi twong cé dang:  S(s) = k

(1+T;s)(A +Tys) ...(1 + Tys)

VOi T,, T3, 1, 1& rat nhd so vai T1 thi ta xap xi vé khau bac 2 véi

T=ZT]-
j=2

Nguy&n Thu Ha _ Ly thuyét diéu khién
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« Vidu: Gia st dbi twong diéu khién c6 dang

3
C[+2s)(1+018° 15

« COk=3,T,=2vaT=0,5 1 ==
« Chon tham sb cho P! 05
1
R(s) = 0,67(1+ Z) 1 2 3 4 5 6 8 4 10

* LaT,=2vak,=0,67
* Ta s& dugc chat luong hé Kin hu hinh vé

hif)

3 5)

f

=

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Xét hé kin c6 so do khdi cho trén hinh vé trong dé:

Doi tweng 1a khau quan tinh bac ba:  s(s) = K

(1+T;s)(A 4+ T,s)(1 + Tss)

Bo diéu khién Ia ty 1& vi tich phan:
(1+TAs)(1+TBs) _T,
R(S)_ p(1+ +T )— T.s TR_k_

, VOI T, +Tg = T vaT,Tg =TTy

« Dinhly 2.18: Neu doi twong diéu khién 1a khau quan tinh bac ba ,
thi bd diéu khién ti 1& vi tich phan véi tham sé:

T, =T, 4T, Ty=t2 g =htl
T, +T, 2KT,

sé 14 bo diéu khién tdi wu dé lon.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Vi du : Gia st dbi twong diéu khién co6 dang:
S(s) =

4
(1+5s)(1+2s)(1+0,1s)*
X&p xi vé khau quéan tinh bac ba T = 0,1x4 = 0,4

+ Xét k=4, T1=5, T2=2, T3=0,4 khi d6 PID: T, = 7, T;=1,43 va k,=2,2

+ Xét k=4, T1=2, T2=0.4, T3=5 khi d6 PID: T, = 2,4, T,=0,33 va k,=0,06
+ Xét k=4, T1=0,4, T2=5, T3=2 khi d6 PID:T, = 5,4, T,=0,37 va k,=0,3375

14 : :
m— =4, T1=5, T2=2, T3=0,4
e (=4, T1=2, T220.4, T35

12 e (=4, 10,4, T2=5, T3=2

0.6 / /

0.4 / //

0.2

0

: ’ Nguydn Thu Ha _ Ly thuydt didu khidn » 60
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 Cho ham truyén dat cta hé théng
G _ 5
(8) = (1+105)(1+55)(1+0,15)(1+0,25)2(1+0,55)
a) Hay tinh toan bo diéu khién PID theo phwong
phap t6i wu do Ion
b)Thay b dieu khién PID bang b diéu khién ty 1&,
tim dleu kien dé hé 6n dinh

« Tac6 T,=10;T,=>5I&n hon rat nhiéu so VoI
T,=0,1; T —02vaT 0,5 vi vaychung taxapX|
ve khau quan tinh bac ba v&i hang so thdi gian:

T =T, 42T, +Ts= 1

Nguy&n Thu Ha _ Ly thuyét diéu khién
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» Vay doi twong xap xi vé khau quan tinh
bac 3

G(s) = >

(1+10s)(1+5s)(1+s)

» Theo cdng thire tinh toan PID toi wu dd
lon ta co:

T, =T,+T,= 10+5 = 15
T.T

Ty =1z =2=333

D r+1, 15
_T+T, _ 15

— =15
P 2kT 2.5.1 ’

05/05/2020 Nguyén Thu Ha _ Ly thuyét diéu khién -
tw dong



b) thay bd diéu khién PID bang bé diéu khién ty
&

. Buwdc 1:Ta c6 ham truyén dat cla hé kin:

5k
_  (1+108)(1+55)(1+s) _
G(S) — 1 5k —
Sk +(1+1OS)(1+55)(1+S)

(14+410s)(1+5s)(1+s)+5k
 Bwdc 2: Phwong trinh dac tinh:

(1+10s)(1+5s)(1+s)+5k=0
50s3+ 65 §2 +16s+1+5k = 0
« Buwdce 3: Diéu kién can 1+5k >0 => k>-1/5

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Buwéc 4: Bang Routh

50 16
65 5k+1
990 — 250k
65
Sk+1
990—-250k
Didu kidn d { = 0 {kkf_?c’)’(’;
5k+1>0 ’

Bwéc 5: Vay diéu kién can va da cho hé thong 6n dinh 1a
-0,2<k<3,96 ; ( Néu dé bai cho k>0 thi ta phai két
hop diéu kién dau bai 0<k<3,96)
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 Goi G,(s) la ham truyén cta hé h&. Khi do hé kin co
ham truyén

_ Gyl G, (5)=
=G N h

giong nhu & phuong phap toi vu do 16n, dé ¢ |G(jo)| ~1trong
trong dai tan s6 thap thi phai co |G, (jo)[>>1trong dai tin @ nho

G(3)
1-G(s)

a) b) Lela) mlar)
| i
H g "'--.‘:; :
— Ris) o &1s) Al ‘ '
_— B I“'-.,1 * | 1] |
( I i . : [:]]]}
+ H L 1 i" = -m,_
L - -~ -~ e 5‘!' == : r
Minh hos tuetudng thigt ké b Giéu Tl |
khin PID i wu 88 xing ! )
—T] | H‘r}r B :\:\H"-
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1 Vang | 1& ving tan sé th4p. Diéu kién dwoc thé hién ré nét & vung |
la ham dac tinh tan hé hé G, (jw) phai c6 bién dé rat Ion, hay L, (o)
>> 0. Vung nay dai dién cho chat lwong hé thdng & ché dé xac lap
hodc tinh (tan sb nhd).

7 Vang Il 1a vang tan sé trung binh va cao. Ving nay mang thong tin
dac trwng cla tinh ddng hoc hé kin.Ving Il dwoc dac trwng béi diém
tan so cat L,(0) = 0 hay G, (jo.) = 1. Mong muodn rang hé kin khong
c6 cau trac phire tap nén ham G, (jw) cling dwoc gia thiét chi cé mot
tan s cat a,.

7 Vuang Il 1a ving tan sé rat cao. Bé hé khong bi anh hwéng béi nhiéu
tan sb rat cao, tic 1a khi & tan sb rat cao G(s) can co bién do rat
nhd, thi trong viing nay ham G, (jw) nén co gia tri tién dén 0.

Nguy&n Thu Ha _ Ly thuyét diéu khién

tw dong 21

05/05/2020



e Co thé thay ngay dugc rang, néu ky hiéu:
T=0" T =0T =0
thi hé h& G(s) mong muon véi bieu do Bode cho trong
hinh b) phai la:

K.(L+T,s)
s°(1+T,s)

Gy (5) = R(5)S(S) =

Nguyén Thu Ha _ Ly thuyét diéu khién
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1) Diéu khién doi tuwong tich phan—quén tinh bdc nhat

« Néu dbi twong la khau tich phan — quan tinh bac nhat
thi b6 diéu khién tbi wu dbéi xirng sé 1a bd diéu khién Pl
vOi cac tham s6 xac dinh nhw sau:

] Xac dinh a tr 0 qua diéu chinh Ah can c6 clha hé kin
the,o Ah=exp(—%]=exp[—ﬂ\/%] hodc tw chon a>1 tlr yéu cau
chat lwgng dé ra. Gia tri a dugc chon cang lon, d6 qua
diéu chinh cang nhd. Néu a<1, hé kin sé khéng 6n dinh.

" Tinh T, theo cong thirc T,=aT,

* Tinh k, theo cong thirc k= -

kT,v/a

Nguy&n Thu Ha _ Ly thuyét diéu khién

05/05/2020 .
tw dong

29



» Xéc dinh tham s0 toi wu doi xtrng cho bg diéu khién PI.
Xét doi twong tich phan—quan tinh bac nhat mé ta boi:

B 2
s(1+0,3s)

 Chon bo diéu khién Pl dé diéu khién theo nguyén tac toi wu
d6i xtmg: R(s) = kp( 1 j: K,(1+T,s)

14+ —
T,s T,s

S(s)

k=2;T,=0,3

ta s& c6 cac tham so sau duogc chon theo cdng thire trén:
* Khia=2;k,=1,18;T,=0,6
« Khia=4;: kp =0,83;T,=1,2
e Khia=09; kp =0,56 ;T,=2,7

Nguy&n Thu Ha _ Ly thuyét diéu khién
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hi#)
1,937

1.3

05

Ham cua dd hé kin wdi bd diéu khign Pl cd
cactham =i duwoc chontheo nguyén
tac digu khign téi uu Jai xing.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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2) Piéu khién dbi trong tich phan— quan tinh bac hai

« Néu dbi twong la khau tich phan — quan tinh bac hai thi bd diéu
khién toi wu dbi xirng sé 1a bd diéu khién PID
1 ] K @+ T,8)(1+Tgs)

R(s):kp(1+T—S+TDs Ts
| |

v@i cAc tham sb xac dinh nhuw sau:

1 Chon T,_T,

] X&c dinh 16>a>1 t&r dd qua diéu chinh Ah can c6 clia hé kin, hodc
chon a>1 tir yéu cau chat lwong dé ra. Hé kin khéng cé dao dong
khi a > 16. Hé kin sé khong &n dinh v&ia < 1.

0 Tinh Ty =aT, Twdésuyra T, = Tyt Tgva T, = 4=
. po_ 1 A _ kTI
0 Tinh kp P roi suy ra kp —p—TB :

Nguy&n Thu Ha _ Ly thuyét diéu khién

05/05/2020 .
tw dong
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« Thiét ké bd diéu khién PID tdi wu ddi xirng
« Xét ddi twong tich phan — quan tinh bac

hai: S5} m 2
F1+35)01+538) s} hif)

'\...,‘N___

Tw:k=2;T,=3;T,=5 L

, , 0.5
tacovdol a=8:

TA: T1 =3 -
TB — aT2 = 8*5 = 40 20 40 60 B0 100 1:0 1

TI=Ty+T5z =43
TD = T,T, _ T,T, _ 3x40 _ 2,8
T, T, 43 )
~ 1 _ 1 A _k,TI _0,035%43 _
kp = Ay 0,035 rbi suy ra kp = T T a0 0,04

Vay 1 k;,=0,04 ;T,=43;Tp=2,8 cho bd diéu khién PID.

Nguy&n Thu Ha _ Ly thuyét diéu khién

tw dong 3
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« Giam dé qua diéu chinh bang b tién x ly

J

+ Néu déi twong 1a khau tich phan - quan =] i s5) Gl s)
tinh bac nhat thi: ‘— ‘
a) Chon bo diéu khidn P1 vo

K, = P T, =4T, Hinh 2.114: Giam Jo qua diéu
1 - & . i * -

b) Chon bd tidn xip 1y M(s) = o chinh bang bd tien x|y,
+ Néu ddi twong 1a khau tich phan - quan
tinh bac hai th‘!:
a) Chon b diéu khién PID voi

_ T, 4T1T2

Ko = gierz + 11 = Tat 4T23 To = 7577

b) Chon bd tién xtr ly M(s) =

1+4T2$

Nguy&n Thu Ha _ Ly thuyét diéu khién
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tw dong
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» Thiét ké bd diéu khién PID toi wu dbi x&rng
» Xét dbi twong tich phan — quan tinh bac

hai: S 2
F1+35)(1+535)
Tr:k=2;T,=3;T,=5 15" Lt 15“ h(t)
tacovoi a=4: * \
T,=T,+4T, =23 1 1 T
05 5 5 b tidn s i 05 i b tiEr o |

= T, 3420 ; E

To= T,+4T, 23 2,6 20 40 B0 80 100 120 20 40 B0 8O0 100 120

Hinh 2.115: Minh hoa widu 2.72.

_ I __23 _
P= 8KT2Z  8%2%25 0,0575

Vay : k, =0,0575 ;T, =23 ; T, = 2,6 cho b diéu khién PID.

Nguy&n Thu Ha _ Ly thuyét diéu khién

tw dong 5

05/05/2020



1. Poi twong 14 khau quan tinh bic nhat

S(s) =

1+4Ts
B0 dieu khién

1 j K, (L+T,5) T=T

R(s)=k | 1+— |=
(5) p( T,S TS kp:TkI;IZO
5%

2. Poi twong 1a khau quan tinh bac hai

k

S6) = A3 Ty 1 Tos)

B¢ didu khién

R(s) =k (1+L+T Sj_ K, (L+T,5)1+Tgs)

T,s T,s T
T, =T 4T, T, = =2
T+,
 _ (1+T,)In20
05/05/2020 Nguyén Thu Ha _ Ly thuyét diéu khién P kT5% 6
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2.7. X4c dinh tham s6 PID

stir dung tri tu¢ nhan tao

20/02/2021 B o X 1
Nguyén Thu Ha _ Ly thuyét diéu khién tw dong



* Pu diém: ,
e COtinh hé théng, co s¢ toan ho‘c rd rang, chét ché. ’
 Pam bao hé thong on dinh va bén virng ( vé ly thuyét)

* Khuyét diém:

» Can md hinh toan hoc clta dbi twong dé thiét ké dwoc
bd diéu khién

» Can hiéu bjét sau vé ky thuat diéu khién maoi thiét ké
dwoc b dieu khién

 Thuwong khong hiéu qué khi diéu khién hé phi tuyén

» Khong st dung dwgc kinh nghiém cua con ngudi (

trong nhiéu trwdng hop kinh nghiém cda con nguoi
dong vai tro quan trong)

Nguy&n Thu Ha _ Ly thuyét diéu khién

20/02/2021 .
tw dong



« Yéu cau dat duwoc chat lwong diéu khién
ngay Qéng tang cao. ,

* Yéu cau diéu khién cac hé théng déng phurc
tap ngay cang tang

* Yéu cau diéu khién trong diéu kién gia tang
Cac yéu to bat dinh.

— Cac yeu cau trén khong nhirng khong the
dap wng duwgc tron ven neu dung ly thuyét
diéu khién thong thwong san co, Day chinh la
dong lwec cho ra doi ly thuyét diéu khién mai:
Ly thuyét diéu khién thdng minh

Nguyén Thu Ha _ Ly thuyét diéu khién

20/02/2021 .
tw dong



Hé thing BE théng thuing

B

(K]

a ,

o Hé théng théng _
‘.ﬂ = rminh sinh hge oy
T g5
@ Nbdn thite Msng BB
a (suy lud o, thdn kinh 7 E:
_E‘, g hge,..) minh hoe % £
5 4
3 . A &
m - Tifn héa thé chit 7

"g vi nhin thie

BIE ngdu nhign T&7 vu haa
B thiz h nghi, Us'e luy ng

20/02/2021

Nguyén Thu Ha _ Ly thuyét disu Khien
tw dong




Thuat toan nay c6 cac buwdc co ban sau:

1. Chon ngdu nhién p;(0),i =12...n phan tl ban dau, goi la ca thé khéi tao, va
ky hiéu tap cac ca thé do 1a thé hé khdi tao (initial generation) G(0) , gan k=0.

2. Gan cho méi ca thé p;(k), mot chi sb xac suat m; dwoce tinh ti gia tri ham
muc tiéu tai do:_

m;=1-(p) /] V&i J=- 2N, J(p)

3. Néu diéu kién két thuc thuat toan dwoc thda man thi chon cé thé co m;
I&n nhat 1am nghiém. Ngworc lai thi chuyén sang budrc 4.

4. Sao chép ek vao tap trung gian i theo ty 1& xac suat cla tirng cé thé.

5. Tién hanh viéc lai ghép tirng cap ca thé dwoc chon ngau nhién trong | (k )
bang cach néu cap ca thé cua cap do co xac suat Ion z > 7. thi hoan doi nira
dwéi trong day nhi phan biéu dién gia tri cia cap hai ca thé dé. Nhirng cap
c6 xac suat nhé 7 < 7, thi ddi gia tri bit 0,1 trong day nhi phan cta ca thé do
(dét bién). Hai gia tri =, =, dwoc cho trwéece.

6. Sao chép I(k) Vao ckk+1). Gan k=k+1 va quay vé 2.



Nguyén tac chung

|_> T6i wu hoa
r pl PID u Poi twong y >

e I( mp diéu khién

v

Xac dinh dwoc vector tham so »- (,.7,.7) cho bd diéu khién PID dé hé kin bam
6n dinh theo dworc tin hiéu mau. Nguyén tac xac dinh nay la phai cwce tiéu dwoc
sai léch bam:

(T o : y _ (T :
J(p)=J, e* (p, t)dtﬁ min hoac J(p)=J, le(p, )| dtﬁ min
Gié tri cGia sai I&éch bam e@.t), bén canh viéc diéu khién phu thudc vao dac tinh

ddng hoc cla dbi twong, con phu thudc vao bd diéu khién. Kho khan chinh 1a
nam & viéc xac dinh dwoc cdng thire twdng minh cho ham muc tiéu J (p) .



Vidu 1: Ung dung GA chon tham sé PI
DPéi twong diéu khién gia dinh cd ham truyén:

bys+ b, st

S(s) = 5 ==
aps” +ais+a, s°+3s+5

BO diéu khién Ia Pl véi ham truyén: ce-« +ki -6tk

) S

St dung GA dé xac dinh tham s6 tdi wu o<«, .« dwgc két qua sau:
Tham s0 PI: k,= 16.3451, k;=26.4433

1.2

R s ——
08 B

— Gia tri ham muc tiéu: s, =0.0077 3

— D6 thi ham qua dd hé kin; 04|

0 1 i i L i
0 0.1 0.2 0.3 0.4 0.5 0.6



Vi du 1: ng dung GA chon tham sé PI (tiép)

runPI GA.m

clc;

[x fwvall] =2 ?;gPI GA, 2(1$1§g([%2)
b$)izerosé, abli. B3 5,

S = t£([b0 bl],[a0 al a2]) = tf([kp
kil],[1 0]); G = feedback(S*C 1);

step (G) ;

PI GA.m

function fitness =
PI GA(x) kp=x(1);
ki=x( ZL
b0=1; bl=5; al0=1l;al=3; a2=5;
S= tf([bO bl], [a0 al a2]); C—tf([kp
ki], [1 0]); G—feedback(S*C 1); [y
t]=step (G) ;
n—length(y) dt—t(end)/(n 1);
fitness = O; for j=1:n-1;

dfltness = fitness + dt*abs(l v(3,1));
en



Vi du 2: ng dung GA chon tham sé PID

Péi twong diéu khién gia dinh cd ham truyén:

bos+bq 5+ 95

3

aos® +a18° +ar5+a3  sS+32 +2s+1

~ D\ - R by 7 n N A 2 .
BG diéu khién 1a Pl véi ham truyén: =k, 1Ki, 4 o= K" TKesth
S S

S&r dung GA dé xac dinh tham sé téi wu 0 <ks.k.woc két qua sau:

— PID: &, =0.0002, kj=9.2378, ky= 17.0572
1.2

— Ham muc tiéu: s, =0.0047

— Ham quéa dé hé kin:

0.3 0.4 0.5 0.6 0.7



Vi du 2: 'ng dung GA chon tham sé PID (tiép)

runPID_GA_mod.m

clc;
[x fval] = a(@PID GA mod,3,-diag([1 1
1]) ??roi 3 %%) kd 3);
=x i=x =x
8 L 0=1;al= é a2=2,; a3=1l;
S= tf([bO bl] [aO al a2 a3]l);
C = tf([kd kp ki],[1 0]); G =
feedback (S*C,1); step(G);

PID GA mod.m

function fitness =
PID GA mod (x) kp—x(l)

kl—x(ZZ kd—xé3
b0=1 1= ;al=3; a2=2; a3=1;

S tf([b0 bl], [aO al a2 a3]); C=tf([kd
k1],[1 0]) G=feedback (S*C,1); [y

t?—ste

n—length(y) dt—t(end)/(n 1) ;

fitness = 0; for j=1:n
fitness = fitness + dt*abs(l—
v(3,1));

end



Chwong Il11.
Ly thuyét diéu khién
tuyén tinh, lién tuc,

trong khong gian trang thai

0000000000



3.1. M6 ta hé thdng trong khdng gian trang thai
Phwong trinh trang thai
Quan hé gitra md hinh trang thai va ham truyén
Quy dao trang thai

3.2. Phan tich hé thong trong khdng gian trang thai

Tinh 6n dinh
Tinh diéu khién dwoc
Tinh quan sat dwoc

3.3. Thiét ké bd diéu khién
B& diéu khién phan hdi trang thai gan diém cuwc
B6 quan sat trang thal
B6 diéu khién phan hoi dau ra

Nguy&n Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw dong



3.1. M0 ta hé thong trong
khong gian trang thai



+ Khéi niém bién trang thai

4 : S s e A o )
Dinh nghia 3.1: Cac bién trang thai la cac bién mang théng tin vé cac

trang thai bén trong clia hé thdng, phan anh cac dién bién, qua trinh
kxéy ra trong hé.

J

Céac bién trang thai co thé bao gdm ca bién ra. Da |4 bién ra thi
phai do dwoc, nhwng bién trang thai khong phai lic nao ciing do
dwoc ma co thé tinh todn thong qua céac tin hiéu do khéc.

Vi du : Bai téan diéu khién van toc xe

my +— Bién trang thai: quang duwong y(t), van
dy +— téc y
y(t).
u(t) = Bién ra: van tdc y(t).
() Bién vao: lyc tdc dong u(t).
oot ooy Thu Ha Ly thuyét didu khién 4

tw dong



Xét m\c}t hé~thc“3ng v@i cau truc cho o () — Ha théng —> vt
nhw hinh vé va: i |kythuat | :
[Im tin hiéu vao u,(t), uy(t),...u (1) , Un—X1 Xo.. Xy > Will)
dwoc viét chung thanh vector u(t) €

Rm

(r tin hiéu ra y,(t), y,(t),...y,(t) , viét
chung lai thanh vector X(t) € R" ;
[n bién trang thai x,(t), X,(t),...x,(t) ,
viét chung lai thanh x(t) € R™

Nguy&n Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
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M hinh trang thadi la loai m6 hinh toan hoc c6 dang:

,
2% _ Ax + Bu
{ dt — —
y=Cx+Du

Z
trong do:
1 Matran AeR™" |a ma trén hé théng.
] Ma trAn BeR™M |a ma trén diéu khién.
(] Hai ma tran CeR™"va DeR™M |a cdc ma trén déu ra.
Hé tuyén tinh cling mé ta dwoc bang phwong trinh
trang thai @ mét trong ba dang co ban sau:

Nguy&n Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw dong



* M@ hinh trang thdi tham s6 hang khi cdc ma tran A, B, C, D
déu 1a ma tran hang

e M® hinh trang thai tham so phu thuéc t, O phan tir C4C ma tran
A, B, C, D la ham so6 phu thudc thoi gian:

ot =AMz +B(Du

y = C(Hx + D(t)u
« MO0 hinh trang thdi tham sé réi, c6 phan tlr cdc ma tran
A,B,C,D la ham s6 phu thudc bién khéng gian (phu thudc
vector tham so v):

=AWz + B
y =C(v)x + D(v)u

Nguy&n Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw dong



+ Uu diém cla hé phuong trinh trang thai:

e Cho phép mé ta hé thdng ma khéng can diéu kién dau bang 0.

e Cho phép mo ta cac hé MIMO don gian hon so vdi dang ham
truyén dat.

* Cho phép khao sat cac bién trang thai cadn quan tdm bén trong
hé théng chir khong phai dau vao va dau ra, vi thé gilp ta hiéu
rd va sau hon vé cac dac tinh cda hé.

19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
tw dong



e Vidu 1: Déng co mobt chiéu:

Ly S
_;—fb’mS‘ = KT
Ll( Rl!
+
U E
w " M,, B, J
-
— L, : dién cam phan @ng — w: tdéc do dong co
— R : dién trd phan ¢ng — M, : moment tai
— U, : di€én ap phan ung — B : hé s6 ma sat
— E: sttc phan dién dong —J : moment quan tinh
19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién 9
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X zf&p dung dinh luat Kirchoff cho mach dién phan @ng:

U0 =1,00R, +1, D+ E, 1 (1)
trong do: E (t)=K®w(r) (2)
K : hé so

@ : oir thong kich tir

* Ap dung dinh luat Newton cho chuyén dong quay cia truc d.co
(dé don gidn gid s moment tai bang 0):

M@)=Bo(t)+J da;f) (3)
trong d6:  M(f)= KDi (r) (4)

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
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| di (1) R, KO 1
* (1) & (2) 7 3 1,(7) 3 &3'(1‘)+L“r U, (1) (3)
* (3 & 4= dﬁfr) K(Df()——w(f) (6)
* Bi:?lt: {xl(‘r)sz(‘r)
X, (1) = (1)
g KO
xl(f)z_ “x (1) - sz)"‘— (1)
* (5)&(6)= - K(D BH L,
xz(f)—?xl(f) sz(f)

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw déng
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: | R;r K(I)_ B 1 T
. - = 1
Jfl (r) — L;{ L;( x]( ) n L UH (f)
(1) Ko B [x,0 6{
N 9 - J J | _
X (7
a(t)=[0 1][ ! )}
\ X, (1)
— [¥()=Ax(t)+BU, (1)
axt) = Cx(1)
R, _KD -
. L )4 il
trong d6: A=) v 4 B- c=[0 1
rong ao @ ) g ‘%{ [ ]
J J | -
19/02/2020 R R R >




* Vi du 2: Cho hé co gdm mot 10 xo cd hé s6 b, mot vat vdi khoi
lwong m va bd suy giam toc cd hé s6 d dwgc ndi vdi nhau nhu hinh
vé. Goi u(t) la tin hiéu vao duoc dinh nghia la lwc bén ngoai tac
dong |én vat va tin hiéu ra y(t) la quang duwong ma vat di duoc.

Ky hiéu:
. dy(t) _ dxq(t)
= = = F. Fu
X(t) = y(t) vaxp(8) = =22 = =L » %T
m
pif Fi
la hai bi‘én tr~ang thai cua hé cGrJg n‘hu’AFC, | !--l 2
F... F4 12 nhirng lwc cua lo xo, vat va bo
suy giam toc sinh ra khi vat chuyén dong.
10/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién 13
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Khi d6 ta dworc

d?y(@ _ %

|:C = by(t) = le! Fm =m dt2 dt Vé. Fd = aT = aX2
Suy ra
yF F E b dXZ dﬁ—_gx_ax _|_1u
va tir d6 la mo hinh trang thai:
r 0 1 0
— = X + u
ddt {—m™b -mta)” (m™
y=X% =(1,0)x

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw déng
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Mot hé thong tuyén tinh SISO cung dugc mo ta bdi phuwong trinh
trang thai va ham truyén G(s). Vay thi gitta hai md hinh nay phai
cé nhitng moi lién hé vdi nhau.

(1 Xac dinh ham truyén tr mo hinh trang thai;

1 Xac dinh m6 hinh trang thai tir ham truyén;

1 Xac dinh bac twong doéi cia ham truyén tir mo hinh trang thai.

Nguy&n Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw dong
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1) Xdc dinh ham truyén tor mé hinh trang thdi

Cho d&i twvong dwgc mo ta b&di md hinh trang thai tham sé hang :

Khi dé ham truyén dat dwoc tinh theo cdng thirc:

G(s) = C(sl-A)"1B+D

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw déng
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* Cho hé SISO v&i hai bién trang thai duwgc mo ta badi:

d x 2 1 1
= — X + u
dt [O 3}_ [2}
\y=[2 1])_(

Tim ham truyén dat.

)\

Ta ¢4 ham truyén dat:

. s—2 -177T-1
G(s)=C(sl —A)'B=[2 1]{ 0 5_3} {2}

_ 1 2 1]{5—3 1 }{—1 _ 6
(s—2)(s—-3) 0 s-2| 2| s°—55+6

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw déng
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e Xét hé SISO c6 ham truyén:

G(s) = bh+os+ - +hs' _ B(s)
a,+as+ - +a 8+ A(s)

(*)
e Goi U(s) Ia anh Laplace cua u(t), Y(s) la anh caa y(t) thi tir ham
truyén d3 cho ta co:

by +bSs+ -+ +Dbys U(s)=b oU(S)+ sU(s)+ b s"U (s)

Y(s)= X e+ Dy
() A(S) A(s) A(s)

Pat n bién trang thai x,(t), ..., x.(t), ghép chung lai

X
thanh ,=| ; | ¢6 &nh Laplace
Xn
_U(s) _sU(s) _s"y(s)
X1(s) “AGS) X2(s) “TAG) , Xn(s) = AS)

Nguy&n Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw dong
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Sé dugc e =xE = Hey
sX2(s) = X3(s) = dﬂ: X3
dt
sXn-1(5) = Xn(s) = d);nt—l -
Clng nhu: UG
S
Xi(8)=—-—=
A(s)
= U = aoxl + a.lsxl + e + an_lsn_lxl + Sn Xl
=y X+ Xy + o +a, 1 X, +8X,
X
= AQoXy + A Xy + o0 + A1 X, T+ dtn =u
dx,
= dt =X X Ty g Xy U
Suy ra:
0 1 0 0 0
dx 0 0 1 0 :
—_ = . . X +
dt 0
_aO _al _a'2 _an_]_ 1
19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién

tw déng
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Mat khac, tu:

Y =Xy +b X5+ - +b, 1 X, +5b, X,
con co:

y=box; +bx, + -+ +b, X, +b, dXCr;t(t)

{y = (b —aghy )X, + (bl —agby )Xot e (b - an—lbn)xn +byu

Dinh nghia 3.2: H& SISO voi ham truyén dat (*) c6 mé hirm

trang thai chuan diéu khién nhw sau:
( o 1 0 - 0 0
d&x | 0 0 1 0 :
— = . . . . X+ u
dt : : : : -
] —dy - —qQ —an_ 1
\ . i
y= (bo - aObn bn—1 an—lbn)ﬁ‘i'bnu

jvgavivigiv)



Dinh nghia 3.3: H& SISO véi ham truyén dat 3.12 c6 md hinh
trang thai chuan guan sat nhw sau:

0 0 --- 0 -—a
1 0 0 - by — agby,
dx :
—=/01 --- 0 -a, |X+ : u
a . . . . i
3 Do L : \ b1 —a,_1b, )
00 --- 1 —-a,,4 B

&

&

Nguy&n Thu Ha _ Ly thuyét diéu khién
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 Hay xac dinh hé phuong trinh trang thai theo
chuan quan sat khi bié’t ham truyén dat

G(s) = 4+55+S2
Ta c6 a0 =4; al = 5;

bO0=3;bl=1
d_lz[o —aﬂ)x{bo]u %:(o —4jx+[3ju
dt \1 -a )" (b dt |1 -5)7 1
) 9 hay < 9
y=(0.1)x y=(0,1)x
ET ET
19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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« X6t hé SISO c6 ham truyén hop thirc chit:

b +bs+ -+ +b,s™
Q+aS+ - +as

G(s) = , m<n

(**)

Bic tuong doi ctia nd duogc hiéu 1a hiéu r = n-m>1

/E)inh nghia 3.4: Bac tuong d6i ctia hé SISO c6 ham truyén (**)\
dugc xac dinh ttr mé hinh trang thai twong rng ctia Nd bang cong
thirc sau: —0 khi 0<k<r-2

CA“B = _
#0 khi k=r-1

o J

Nguy&n Thu Ha _ Ly thuyét diéu khién
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* Cho hé SISO va&i hai bién trang thai dwgc mo ta badi:

(d x 2 1 1
dt [o 3} [2}

Xac dinh bac twong doéi y = [2 1])_(

)\

6
s2-5s5+6

Nhu vay, ta thady hé cé bac twong déi la r = 2. Gid tri nay cling c6 thé truc
ti€p tinh duoc tir md hinh trang thai nhw sau:

Xét k=0 1
CB =[2 1][ 2}:0

k=1 CAB =[2 1][(2) ;}[_21}:8730

Dodd r=k+1=2

Ta c6 ham truyén: G(s) =

19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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1) Khdi niém
* Quy dao trang thdi dwoc hiéu 1a nghiém clda hé phuong trinh
vi phan:

dx
— = Ax+Bu
dt = =

trong mo hinh trang thai véi moét kich thich u(t) va trang thai dau
x(0) = x, cho trwdc. Tap hgp cua tat ca cac quy dao trang thai
clia hé thong dwoc goi la khéng gian trang thdi.

e Né&u u(t) =0 va x(0) # 0 thi quy dao trang thai dwoc goi la tuw
do.

* Né&u u(t) # 0 va x(0) = 0 thi quy dao trang thai dwoc goi la
cuong burc.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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+ Y nghia: Dung dé tim quy dao trang thai cla hé.

(1 Dinh nghia 3.5: V&1 mot ma tran A € R™" cho trudc, ma tran ham )
mi twong tng Vol A dugc dinh nghia boi:

\_ - J

+ C4c tinh chat ciia ma tran ham md:

o eAt1 At, _ eAt2 eAt1 _ eA(t1+t@) oAla—Al :eA(t—t) |
S
dt
° 9 Néu A la ma tran dwdng chéo A = diag(a) thi
eAl= diag ( e?}).
o d)eAt=L-1{(sI-A)1}

_ AeAt _ eAtA

Nguy&n Thu Ha _ Ly thuyét diéu khién
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+ Cach xac dinh ham eAt

= Sirdung toan tir Laplace eft=L"1{(s/I-A)1}.

Nguyén Thu Ha _ Ly thuyét diéu khién
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Vi du 1: Xac dinh ma trdn ham m{i bang toan td
Laplace
2 1

V&i A5 3] thi
Theo phép bién doi Laplace:

-1
s-2 -1 s-3 1
eAt :El{(SI _A)—l}:£—1 }:[1{ 1
0 s-3 (s—-2)(s-3){ 0 s-2
1 1
1ds—2 (s—2)(s-3) 2t % _e2t
e 1 3= at
0 - 0 e
s—3
19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién -
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3) Tim quy dao trang thai

Dinh ly 3.4: Nghiém cla phuwong trinh trang thai tham sé hang
duoc tinh:

t
x(t) =e*xy + [eADBu(r)d e
0

t
y(t) =C| e*x, + [e*tD)Bu(r)dr |+ Du
y X0 u u
0

Pinh ly 3.5: Khi hé thong duwoc md ta bdi md hinh trang thai
tham sé hang thi n6 sé& co:
a) Qua trinh ty do: y, (t) = CeAx,

V4 \ ~ 7 . t
b) Qua trinh cudng birc : y ©=CleADBu(e)de + Du
Zc 9

19/02/2020 Nguyén Thu Ha _ LY thuyét diéu khién -
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« Xac dinh quy dao trang thai c6 tham sé khéng phu thudc thoi gian

* Hay xac dinh y(t) khi hé duoc kich thich boi u(t) = 1(t) tir trang
thai dau x, = 0 cho hé théng SISO ¢ hai bién trang thai dugc mo

ta boi:

Hé cd ma tran:

Khi do:

19/02/2020

d)_(—_21 X+0U =X
gt Lo 1) ETl) YT

A=l % e} coa o
“lo fBly) 700

. s+1 1 1 1
(sI—A)‘1=[5+2 —1] z( 0 S+2): S+2 (s+2)(s+1
0 s+1 (s+2)(s+1) 0 1
=2t —t =2t s
At _ L—l{(sl . A)l}ZLe € €
0 et

Nguy&n Thu Ha _ Ly thuyét diéu khién
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° Véy t( A—2(t—7) —(t-7) —2(t-7) t (=) —2(t=r)
X(t) = j(e ¢ ¢ J.mw)df _ j[e -° ]dr
0

0 e—(t—r) 1 0 e—(t—z')
-2(t-7)
_(t_f) e t 1 _t e_Zt
€ - ‘ 0 ——e +—
e_(t_T) B 1— e—t
—2t
1 t €
y(t) = =—-e +—
2 2
19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién .
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_

3.2. Phan tich hé thong trong

khong gian trang thai

Nguyén Thu Ha _ Ly thuyét diéu khién
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_

1. Tinh én dinh cGa hé théng
2. Tinh diéu khién dugc cha hé thong tai mot diém trang thai
cho trudc.

3. Tinh quan sat dugc cla hé thong tai mot diém trang thai cho

truoc.

Nguyén Thu Ha _ Ly thuyét diéu khién
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+ Khéi niém én dinh BIBO
Tw quan hé gilra mo h‘mh‘trang thai khong (;(’) trang thai
thtra va ma tran ham truyén G(s) cua hé thong:

(sl — A)agj B .

_ _ a1 _
G(s)=C(sl —A) B+D Cdet(sI—A)

/Dinh ly 3.6: HE khdng co trang thai thua, sé 6n‘dinh BIBO khi h
va chi khi ma tran A cd tat ca cac gid tri riéng nam bén trai truc
ao, tire la khi va chi khi:
p(s) = det(sl — A)
la da thirc Hurwitz.
NG )

Dung cac tiéu chuan 6n dinh dai s6 dé kiém tra tinh én dinh
cua p(s)

19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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~

/Dinh nghia 3.6: Hé duoc goi la 6n dinh Lyapunov tai diém can
bang x. néu sau mot tdc déng tirc thoi danh bat hé ra khoi
diém can bang thi sau dé hé cé kha nang tu quay vé duoc lan
can diém can bang d6. Néu hé tién téi x, thi nd dwoc goi la 6n
\dinh tiém can Lyapunov tai x, Y

oA’ A o \ o A? ? ~ dX
Diém can bang la diém thoa mén: i Ax=0

4 . . )
Pinh ly 3.8: Hé 6n dinh BIBO khi va chi khi né 6n dinh

tiem can Lyapunov, tic Ié‘khi’va chi khi céq quy dao trang

\théi tw do co hudng tién vé goc toa dbd va két thuc tai do.

Nguyén Thu Ha _ Ly thuyét diéu khién
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+ Tai sao lai cAn phai hiéu biét vé tinh diéu khién dwoc

e Nhiém vu chinh cla diéu khién la tim dwoc tin hiéu diéu khién
mang lai cho hé théng mdt chat lwong mong mudn, tic |a
phai tim dwgc mot tin hiéu thda man chat lwvgng dé ra trong
s6 cdac tin hiéu cé kha niang dwa hé théng tir mot diém trang
thai ban dau x, (tuy y) t&i dugc diém trang thai dich x;

* NE&u ton tai mot tin hiéu diéu khién lam dwoc viéc dé thi ta
noi hé thong diéu khién dugc tai diém trang thai x,

19/02/2020 Nguyén Thu Ha _ LY thuyét diéu khién
tw dong



/» Dinh nghia 3.7: M6t hé théng tuyén tinh, lién tuc dwoc
goi 1a diéu khién duwoc néu ton tai it nhat mét tin hiéu
diéu khién dwa dwoc né tir mot diém trang thai ban dau
X, (thy y) vé dwoc goc toa dd 0 trong khoang thoi gian

\_ hitu han. -

« Chu y: Néu hé tuyén tinh da diéu khién dwoc thi né cling
diéu khién dwoc hoan toan, nghia la ludn ton tai mot tin
hiéu diéu khién u(t) dwa hé tr x0 (tuy y) t&i dwoc xT (tuy
y) trong khoang th&i gian hiru han.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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4 . A . )
Pinh ly 3.10 (Hautus): Can va du dé hé tuyén tinh khong

c6 trang thai thira diéu khién dwoc la:
Rank(sl-A, B) =n v&imoiseC

\§ J

4 . , , )
Pinh ly 3.11 (Kalman): Can va du dé hé tuyén tinh khdng
c6 trang thai thira diéu khién duwoc Ia:

Rank(B, AB, A°B, ... ,A"B)=n
\_ J

* Trong MATLAB: P = ctrb(A,B) — rank(P).

Nguy&n Thu Ha _ Ly thuyét diéu khién ;
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(Ap dung tiéu chuan Hautus)
Cho hé théng c6 mé hinh:

a0 o5 )2)

%K_J
A B
Suy ra:

s-a 0 O
Rank(sl — A,B) = Rank
, 0 s-b 1
 Nhu vay néu s=a thi:

Rank(sl —A,B)=1<?2

va do do hé khong diéu khién duoc.

Nguyén Thu Ha _ Ly thuyét diéu khién
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_

(Ap dung tiéu chuan Kalman)
Cho hé théng c6 md hinh:

e NN

Ta co: —

0 0
Vay: Rank(B, AB) = Rank (1 b] <2

va do do hé khong diéu khién duorc.

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw déng



Cho hé théng c6 mé hinh:
(0 1 0 (0)

dx
d—t_: 0 0 1 |-x+|0|u
Ta co: -8, -a -a,) \1,
A B
0 0 1 )
Do d6: B=|0|; AB=| 1 [;AB=| -a,
1 _az \(azz_al))
0 0 1 )
P={0 1 —a

2

1 -a (aj-a)) , \ ,
det(P)#0 suy ra rank(P)=3 vay hé thong la diéu khién
duoc

19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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+ Tai sao can tinh quan sat dwo'c

* Sau khi biét hé cé thé diéu khién dugc — xac dinh dugc x, dé
tir 46 b diéu khién cd thé tao ra tin hiéu diéu khién thich hop
dua hé tur x, Vé x;.

e CoOng viéc xac dinh diém trang thai x, c6 thé duoc tién hanh
bang cach do truc tiép (nhd cdm bién) nhung cling ¢6 khi phai
tinh toan.

« Diém trang thdi x,cla mot hé la quan sat dugc néu ta xac
dinh duwoc ndé théng qua viéc do cac tin hiéu vao/ ra trong mot
khoang thoi gian hitu han.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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/ﬁnh nghia 3.8: M6t hé thdong co tin hiéu vao u(t) vam
hiéu ra y(t) dwoc goi la:

=) Quan séat duoc tai thoi diém t,, néu ton tai it nhat mot
gia tri hiru han T> t, dé diém trang théi x(t,) = X, Xac
dinh dwogc mot cach chinh xac thong qua vector cac
tin hiéu vao ra u(t), y(t) trong khoang th&i gian [t,, T].

H) Quan sat duoc hoan toan tai thoi diém t,, néu voi moi
T> t., diém trang thai x(t,) = x, lubn xac dinh dwoc
mot cach chinh xac tir vector cac tin hiéu vao ra u(t),
y(t) trong khoang thoi gian [ty, T].

19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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/-Dinh ly 3.12: Cho hé tham s hang khéng co trang thai thU)
Céc phat biéu sau la twong dwong:
2) Hé quan sat duoc.

10,

C
CA

c) Ramkl . [=n (Kalman, 1961).
K CAN-1 /

Trong MATLAB: Q = obsv(A,C) — rank(Q).

voi moi s, va | la ma tran don vi (Hautus

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Cho déi twvgng cd6 mo hinh trang thai

1 2 -1) (1) ()
dx : '
E: 0 1 0 |x+[1ju ;y=X trong do x=| x,
1 -4 3) (0 X3

Hay kiém tra tinh diéu khién dwoc nho tiéu chuan Kalman
a) Hay !(ié°m tra tinh quan sat dugc cia doi tugng nho tiéu
chuan Hautus.

Giai:
a) Tinh diéu khién duoc
Ta co:

(1 2 -1 (1
A={0 1 O (;B=|1|;C=(Q1 0 O0);
1 -4 3 L0

19/02/2020 Nguyén Thu Ha _ LY thuyét diéu khién y
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Tinh cac ma tran:

1 2 —-1\(1) (3) 1 2 -1\ 3) ( 8 )
AB=l0 1 O0/l|1l=]1 | AB={0 1 o] 1l=| 1 [
1 4 3)0) \3) 1 4 3 )3 (-10,
Suvra:
Y (1 3 8)
P=(BABA%B)=|1 1 1
0 -3 -10,

Rank(P)=3 vay hé thdng |a diéu khién duoc

Nguyén Thu Ha _ Ly thuyét diéu khién
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* DUng Matlab dé tinh cdc ma trén, lap trinh trén
mfile
A=[12-1;010;1-4 3];
B=[1;1,0];
C=[100];
D=A*B
E=A*A*B
P=[B D E]
rank(P)

e Dung truc tiép cau lénh dé tinh P = ctrb(A,B)

19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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_

b) Tinh quan sat duwoc theo Hautus
(s 0 0) (1 2 -1} (s-1 -2 1)

sSI-A={0 s O0|-|]0 1 O(=| O s-1 O
\OOs) \1 —4 3/ k—l 4 s—3)

v&i moi s
N
s-1 -2 1
sl —A
rank( c ]: 0O s-1 0 |=2
-1 4 s-3
1 0O O

Vay hé théng la khéng quan sat duorc

Nguyén Thu Ha _ Ly thuyét diéu khién
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Cho d6i twong cd md hinh trang thai

v )

| 1 0 1 -1 X
d_)t(: 2 1 —4|x+/ 0fu ; y=x3 trongdod X=| Xp
1 0 3 1 \ X3/

a) Hay kiém tra tinh diéu khién dwgc nho tiéu chuan Hautus

b) Hay kiém tra tinh quan sat dwoc cha déi twong nho tiéu
chuan Kalman.

Giai:

a) Tinh diéu khién duwoc theo Hautus

1 0 1 -1
A=| 2 1 -4|;B=|0[;C=(0 0
10 3 1

Nguy&n Thu Ha _ Ly thuyét diéu khién 18
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_

s 00 1 0 1 s-1 O -1
sSI-A={0 s O0|-| 2 1 4|=| -2 s-1 4
0O 0 s -1 0 3 1 0 s-3

s-1 O -1 -1

rank(sl-AB)=| -2 s-1 4 0 |=3 vormors
1 0 s-3 1
Vay hé théng la diéu khién duoc
b) Tinh quan sat theo Kalman
Tinh todn cac ma tran
1 0 1 1 0 1
Tacé CA=(0 0 1)|2 1 —4|=(-1 0 3);CA?=(-1 0 3)|2 1 —4|=(-4 0 8);
-1 0 3 -1 0 3

C 0 01
rank| CA [=| -1 0 3|=2 ->hé thong khéng quan sat duoc
CA2 -4 0 8

19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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_

 Dung Matlab tinh cac ma tran, dung trén m file
A=[101;21-4;-103];

B=[-1,0;1];

C=[00 1];

D=C*A

E=C*A*A

Q=[C;D; E]

rank(P)

. Dung truc ti€p cau Iénh dé tinh Q=obsv(A,C)

Nguyén Thu Ha _ Ly thuyét diéu khién
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3.3. Thiét ké bo diéu Khi

Nguyén Thu Ha _ Ly thuyét diéu khién
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- BO diéu khién phan héi trang thai gan diém cuc
« B6 quan sat trang thai

 B6 diéu khién phan héi dau ra

Nguyén Thu Ha _ Ly thuyét diéu khién
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+Dat van de:

= XAc dinh ma trdn ham truyén G(s) cta hé tir md hinh trang
thai thi cac diém cwc cua hé chinh la gia tri riéng cua ma
tran A.

= Chéat Iwong hé thdng lai phu thudc nhiéu vao vi tri clia cac
diem cwc trong mat phang phtrc.

— Vi vay, dé chat lwong hé thong diéu khién nhw mong
mudn, ta tim cach can thiép (thiét ké bd diéu khién) sao cho
cac diém cuwc cha hé kin & vi tri twong wng v&i chat lwong
diéu khién mong mudn.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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o + Thiét ké bd dieu khién phan hoi trang thai:
APhwong phéap trwc tiép.

dPhuwong phap Ackermann.

o + Thiét ké theo nguyén tac phan hoi tin hiéu ra

Nguy&n Thu Ha _ Ly thuyét diéu khién
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 Giaslr cac diém cyc mong mudn las,, ......, s,

I=
I=
|

A 4

-

dx
at
Z:

Q
|=

1=

R L

« Phan hoi trang thai Phan hdi tin hiéu dau ra

X _ Ax+Bu = Ax+ B(w-Ry)=(A-BRC)x+Bw

9X _ Ax+Bu = Ax+B(W—Rx) = (A~ BR)X + BW

Phai gidi phwong trinh dé c6 R Tim ma tran R thda man

det(sl —(A-BR))=(s-s/)(5-%,) - (s—5;) det(sl —(A—BRC))=(s—5)(s—5;) --- (S—S,)

Piéu kién: Chi can hé diéu khién dwoc Tinh diéu khién dwoc chua di

19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién .
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Pon gian , xét hé mét vao mét ra
9X _ Ax+Bu :AcR™ BeR" (1)
at - -
Tim bé diéu khién R =[r,,....... , 1] trwe tiép tlr phwong
trinh
det(sl —-(A-BR))=(s-§)(s-%) - (s-8,)  (2)

Cach lam:

Khai trién hai vé cta phwong trinh (2) thanh cac da thirc
bac n.

Can bang hé sb cac da thurc.

Giai hé n phwong trinh thu dwoc timr,......... T

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Cho dbi twong c6 md hinh trang tha

dx (o 1) [oj trong do (xlj
—= X+ U y=x X=
dt 1 2 1 Xo

Hay xac dinh bd diéu khién phan hoi trang thai R dé hé kin
nhan céac gié tri cho trwdc s,=-1; s,=-2 lam diém cyc.

Tim bo diéu khién phan hoi trang thai R = (r1, r2) sao cho
det(sl-A+BR) = (s+1)(s+2) = s?+3s+2

Ta co
det(sl — A+ BR) =det > +O(r ry) | =det ” - =s(s—2+0)+h+1
e os—2) M T R el s—24n ) 2771
Can bang hé so6 ta c6 hé {rz—2=3 :{@:5
r1+1=2 rlzl

Vay b diéu khién R=(1 5)

Nguy&n Thu Ha _ Ly thuyét diéu khién
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. Xét doi twong SISO c6 md hinh trang thai:

0
X+| 0 ju
1

« Hay thiét ké bd diéu khién dé hé kin nhan duogc chon tng diém
CUC Sy =-3, S =4 Vass=-5

Giai:
Bo diéu khién R=(r,r,,r3), khi d6 hé kin c6 da thirc dic tinh

s 00 0 1 0 0
det(sl —A+BR)=det| |0 s 0|-| 0 0 1|+/0|(np r, &)
0 0 s -1 2 3 1

S -1 0
—det| 0 s -1 |=s(s(s-3+1)+r-2)+rl+1=s+(-3)s°+(r,-2)s+n+1 (1)
n+l1 rn-2 s-3+n,

dx

0
0
dt

N O -
w +» O

-1

19/02/2020 Nguyén Thu Ha _ LY thuyét diéu khién .
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* Vi cac diém cuc mong muon ta co:

(5—5,)(S—5,)(S—S3) = (S+3)(S+4)(s +5) =60+ 475 +125° + 5° (2)
Can bang hé so cua (1) va (2) ta c6 hé phuong trinh
L +1=060 L =59
rh—2=47 —>4r,=49
R —3=12 ;=15

Vay bé diéu khién phan hoi trang thai can tim 1a:

R=(59, 49, 15)

Nguyén Thu Ha _ Ly thuyét diéu khién
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Cho ddi twong c6 mé hinh trang thai X
T s
1 -4 3

1
0
Y=X1

Hay xac dinh bd diéu khién phan hoi trang thai R Qé hé kin
nhan cac gia tri cho trwdc s;=s,=-1 va s;=-2 lam diém curc.
Giai:

» Timbo dicukhienR= ("1 72 73) sao cho

det(sI —(4—BR))=(s +D(s +1)(s +2)

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Ta co s 00) (1 2 -1\ (1
(sI-A+BR)={0 s 0|-|0 1 O |+/1|(rp 1, 1)
0 0 s

1 4 3 0
s-1 -2 1 nn n s-1+rp, 1,-2 I
(sl-A+BR)=| 0 s-1 0 |+|rp , r|=| ¢ s—1+r, 1
0 4 s-3 0O 0 O 0 4 s—3

SUY T det (51— A+ BR) = (s—1+ §)(s—1+ 1,)(s—3) ~dry(s—1+ 1) — (1, - 2 (s —3) + 41yt

(S-1+n)(s-1+1)(s=3)-4r(s-1+nr)—(rh -2)r(s-3) +4rr=(s+1)(s+1)(s+2)

Khai trién réi dong nhat hé s6 -> quéa dai

Nhuoc diém cta phuong phap:

* Khéng chira cach tim R mdt cach tong quat.

« Khéng phai ltc nao ciling gidi dwoc dé dang hé n phwong trinh
thu duoc

Nguy&n Thu Ha _ Ly thuyét diéu khién .
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+ M6 hinh trang thai dang chuan dieu khién

Chi &p dung cho déi twong mét tin hiéu vao.

Xét d6i twong chi c6 mét dau vao u dwoc mé ta bédi md hinh
trang thai dang chuan diéu khién

0 1 o - 0 0

x |0 0 1 - 0 :
O N e T (3)

\"% & & - 8y 1

Nhu vay, doi tuong co da tht€ dic tinh theo cong thtrc la:

det(sl —A)=ay+asS+ - +a, 8"~ +¢ (4)
v6i nghiém 14 c4c diém cuc cia doi tuong.

Bo diéu khién phan hoi trang thai R phai tim 1&: R = (ry, ry, -+, I,)

Nguy&n Thu Ha _ Ly thuyét diéu khién

tw dong 12
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Khi d6 hé kin sé co mo hinh:
dx

g~ (ADBR)x+bw
(0o 1 0 & 0 ]
0 0
O o | [0 0
= : —c')(r1 ry r2)§+0w
0 0 0 1
1 1
\"8 & & —8n_1 |
0 1 0 0
0
0 0 1 0 (\
= : : X+ oW
0 0 0 1 1
—(ag+r) —(ag+ry) —(ap+r3) - —(aq_1+1)

vOi da thire dac tinh:

det(sl —(A—DbR)=(ag+1)+(a +1)s+ - +(a,_1+r,)s" +s" (6)
Pé hé kin nhén cac diém s,, s, ..., S, la cac diem cuwc thi

det(sl —(A—bR)=(s—5,)(S—Sp)......(5—Sp)
Suy ra

(@ +1)+(@+0)s+ - +(@ g +1)s" +s" =ao+as+...an1s" +s"

r=aia1—a_,, 1=12, ... ,n

19/02/2020 Nguyén Thu Ha _ LY thuyét diéu khién -
tw déng



. Xét doi twong SISO c6 mé hinh trang thai:

0 10 0
0 0 1|x+|0fu
-1 2 3 1

e Hay thiét ké bd diéu khién dé hé kin nhan duogc chon ing diém

dx

CI.I‘C SO = —3’\@: —4 33 =-5

Giai:

+ Hé nay & dang chuan diéu khién nén ttr moé hinh ta c6
ngay:

det(sl —A)=ay+aS+a,s° +5° Vi g =1 a=-2, a,=-3

Nguy&n Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
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* Vi cac diém cuc mong muon ta co:

(5—5)(S—5,)(S—S3) = (5+3)(5+4)(s +5) =60+ 475 +125° + 5°

Taco: - ~ ~
Ao =60;a, =47; a2 =12

Vay bd diéu khién phan hoi trang thai can tim 1a:

R = (60-1, 47+2,12+3) = (59, 49 , 15)

Nguyén Thu Ha _ Ly thuyét diéu khién
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L:A>_<+Bg

at. T s
« Tim mot phép doi bién Z=SX=x=5"25a0 cho va4i no, doi tuong
ban dau dugc chuyén vé dang chuan diéu khién.

K Pinh 1y 3.13. Néu h¢ la diéu khién duoc thi phép doi bié'n\

S

§T An—l

trong do §T |a vector hang cudi cung ciia ma tran:

(8.AB, -, ATlp)7
Q% chuyén no vé dang chuan diéu khién /

Nguy&n Thu Ha _ Ly thuyét diéu khién
tw dong
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0 1 0 0 0
0 0 1 0 ]
L:SAS‘12+Sbu: : : N S I [T
dt i i 0 0 0 1 -0
1
—qy —& —dp - —any

e VG % & . 2 |3 c4c hé sb cha da thire dic tinh:

det(sl —A)=ay+a;s+ -+ +a, (8" ~+5s"

ap dung duoc thuat todn da biét dé thiét ké bo dicu khién R, phan
hoi trang thai z cho no, tic 1a:  _ -

voi caché s6  ai duoc xac dinh tur:

(s—s)(s—5S5)....(S—S,) =@0+ & S+.....an1S" ~+S

Nguyén Thu Ha _ Ly thuyét diéu khién

tw déng L
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« Cudi cung bd diéu khién phan hoi trang thai 1a

(g )
: - s A
R=RS=(a—-a, a—a ,..,a—-a_)| .
(s A™)
zi(éi—ai)gTA‘=leéi§TA‘—_“ai§TA‘
_nié.sTA +s A

VI: A”:—iaiA' (Cayley—Hamilton)

19/02/2020 Nguyén Thu Ha _ LY thuyét diéu khién "
tw déng



Cho déi twong 01 0 0

%zO—l 1 |x+|0]u

d'[00—21

Thiét ké bd diéu khién dé hé kin nhan dwoc cac diémcwc =S, =S3=-1
Giai
Trwédce hét phai chuyén vé md hinh diéu khién chuan
Doi twong nay co

0 1 0Y)0) (0 01 0)O0 1
AB=l0 -1 1 |0|=|1]; A’B=l0 -1 1 1 |=|-3
0 0 -2Jl1) (=2 0 0 -2)l-2] |4
1001‘1 2 2 1
(B AB AZB)_:O 1 3| =(3 1 0
1 2 4 100
Vay s'=(1 0 0)

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
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0 1 0 01 0
sTA=(1 0 0)|0 -1 1 [=(0 1 0); s'TA°=(0 1 0)|0 -1 1 [=(0 -1 1)
0 0 -2 0 0 -2
0 1 0
sTA°=(0 -1 1){0 -1 1 |=(0 1 -3)
0 0 -2

o Pé gancac ditmcuc S1=S2=S3=-1
(5—8)(S—5,)(5—S) =(s+1)3 =1+3s+3s% +s° ap=1 ar—ar=3

Ta st dung bd diéu khién phan hdi trang thai R tim theo

S A +s A

n-1 ~

Rzzai

Nguyén Thu Ha _ Ly thuyét diéu khién
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aos’ =(1 0 0);
asTA=3(0 1 0)=(0 3 0);
a,sTAZ=3(0 -1 1)=(0 -3 3)
s'TA°=(0 1 -3)

Vay b diéu khién R 14

R=aps’ +asT A+aps  AZ+sTAB=(1 0 0)+(0 3 0)+(0 -3 3)+(0 1 -3)
R=(11 0

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
tw déng
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Cho dbi twong cé md hinh trang tha
1 2 -1} (1

ox_ 0O 1 O |[x+[1}u = &
dt Y=X1 trong d6 x4 %

1 -4 3 0

X3

a) Hay xac dinh bd diéu khién phan hoi trang thai R dé hé
kin nhan cac gia tri cho trwéc s;=s,=-1 va s;=-2 lam
diém cuc.

b) Hay viét ham truyén dat ctia hé kin bao gobm ddi twong
da cho va bd diéu khién phan hdi trang thai tim dwoc &
cau a. Tl dé chi ra rang bd diéu khién phan hdi trang
thai d6 da khong lam thay déi dwoc bac twong dbi cua
doi twong.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Giai
a. Trwdce hét phai chuyén vé md hinh diéu khién chuan
Doi twong nay co

1 2 -1)(1) (3 0 1 0Y3 8
AB=|0 1 O |1|=]1];: AB=(0 -1 1| 11=| 1
1 -4 3)o) (-3 0 0 —2)\|-3) (-10
(L3 8\t (7 -6 5
(B AB AZB)_:l 1 1| =|-10 10 -7
0 -3 -10 3 -3 2
Vay
s'=(3 -3 2)

Nguyén Thu Ha _ Ly thuyét diéu khién
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1 2 -1 1 2 -1
sTA=(3 -3 2){0 1 o}(5 -5 3) ; sTA®=(5 -5 3)[0 1 o](a -7 4)
1 -4 3 1 -4 3
1 2 -1
sTA’=(8 -7 4){0 1 }(12 -7 4)
1 -4 3

 Pé gan cac diém cuc =52 =-L $3=-2
(s—sl)(s—sz)(s—s.?,):(s+1)2(s+2):2+5s+4sz+s3 ;10:2, ;11=5;;12:4

Ta st dung bd diéu khién phan hdi trang thai R tim theo

S A +s A

n-1 ~

Rzzai

Nguyén Thu Ha _ Ly thuyét diéu khién
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aos' =2(3 -3 2)=(6 -6 4);

asTA=5(5 -5 3)=(25 25 15);

arsTAZ=4(8 —7 4)
s'TA°=(12 -7 4)
Vay bo diéu khién R 12

(32 -28 16)

R:éosT+€;1STA+E;28TA2+STA3
=(6 6 4) +(25 -25 15)+(32 -28 16)+(12 -7 4);
—>R=(75 66 39

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
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dx w  u|%_AvBy | ¥
= Ax+Bu=Ax+ B(w-Rx)=(A-BR)x+Bw > dt —
y = Cx =  |3=Cx

Ta c6 bac twong doi cta doi twong la kiém tra R |—

CAKB #0 vo&ik=0,1,....

V&i k=0 ta co:

1
CB=(1 0 o)[1}1¢o

0
Vay bac twong dbi ctia dbi twong 1a bang 1

Pé kiém tra bac twong dbi r khi c6 bd diéu khién R ta tim k dé
C(A-BR)B # 0 v&ik=0,1,....

Suyrar-l=k
V&i k= 0ta co:

0

Vay k= 0 suy ra r=1 ; nhw vay khi mac thém bg diéu khién R khdng lam thay doi
Bac twong dbi cua doi twong

Nguy&n Thu Ha _ Ly thuyét diéu khién 26
tw dong
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« Uu diém:
— Pon gian.
— Chira cach tim b6 diéu khién phan héi trang thai R moét
cach tong quat.
 Nhuoc diém:
— Chi dp dung dugc cho cac hé cé mot dau vao

Nguyén Thu Ha _ Ly thuyét diéu khién

19/02/2020 .
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A=[1 2 -1;0 1 0;1 -4 31;
B=[1;1;0];

C=[1,0,0];

D = 0;

[num, den]=ss2tf (A,B,C,D);
Gd=tf (num, den)
R=[75,-66,39];

0= A-B*R

[num, den]=ss2tf (Q,B,C,D);
Gk=tf (num, den)

Nguyén Thu Ha _ Ly thuyét diéu khién
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Tai sao can quan sat trang thai?

» Khéng phai lic nao cling do dwoc tat ca cac trang thai
cua hé.Hon nira, néu cé the thi chi phi rat dat. Vi du:
cong suat khong do duwoc trwc ti€p ma phai thbng qua
dong dién va dién ap.

» S0 bién trang thai do dwoc thi it nhung thuat toan dieu
khién can t&i gia tri cia nhiéu bién trang thai.

=) can t&¢i bd quan sat trang thai tinh toan, xap xi cac bién

trang thai khong do duworc.

Nguy&n Thu Ha _ Ly thuyét diéu khién
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1. Tw twdng thiét ké

Xét doi twong hop thirc chat voi u  |%-axeBy y
mOo hinh trang thai: y= Cx+Du
dx
— = A B
dt z+Ed ‘_§£=A§+BQ+L(y—C§—Dg)i
y =Cx+Du e —

thiét ké bd quan sat trang thai Luenberger 1a st dung khau cé

MmO hinh:
%:Ay Bu+L(y-Cz-Du) (1)
Lam bd quan sat dé cé z = x it nhat trong khoang théi gian dd

ngan T hay [le()]l.,, =[Ix(t)-z®)Il, =0 véit=T (2)
Nhiém vu xac dinh L trong (1) dé c6 dwoc (2)

Nguy&n Thu Ha _ Ly thuyét diéu khién 30
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» Trudc hét ta lap sai 1éch : e(t) = x(t)-z(t)
e MO hinh e:
de d(x-2)
dt  dt
= A(x-2)-L(Cx+Du-Cz-Du)=(A-LC)e
cd nghiém e(t) = eA-LO)g(0)
Tu d6 suy ra e(t) -0 < A-LC la bén
Gia tri rieng caa A-LC cang xa truc ao vé bén trai thi
e(t) —0 cang nhanh.

= A(x-2)-L(y-Cz-Du)

Nguy&n Thu Ha _ Ly thuyét diéu khién
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- Cho truéc sy, S,,..., S, i Xa vé phia trai truc ao

- Tim L tu phuwong trinh
det(sl-(A-LC)) = (s-S{)(S-S,)...(s-S,) dung voi VS

- S0 sanh viécﬁm L sao cho A-LC nhan cac diém cho
trwdc Ié[n diém cuwc thi cling twong duong VO v[éc
tim L' dé (A-LC)" nhan céac diém cho trwéc lam diém
CUC.

- Do dé viéc tim L chinh la bai toan thiét ké,bcf) ({iéu
khién phan hoi trang thai LT cho doéi twong dbi ngau

:% = ATx+CTu

. Y= BT x

Nguy&n Thu Ha _ Ly thuyét diéu khién
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« Cho doi twong

« Hay xac din

4

(d
=5 9=+

y=(1 0)x

Y bd quan sat trang thai Luenberger dé

tinh xap xi z=x trang thai ctia dbi twong véi hai diém
cwc cho trwéc A, = A, =-10

Giai:

 Chuyén vé m6 hinh ddi twong dbi ngau ta cé

dx
dt

19/02/2020

G Z9x+(p)u

y=(0 1x

Nguy&n Thu Ha _ Ly thuyét diéu khién
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« Khi d6 bai toan tré thanh thiét ké bd diéu khién phan hoi trang
thai R cho d6i twong déi ngau.
« Pé hé kin nhan i, = A, = -10 lam diém cwc thi
det ( sI-AT+CTR)=(s+10)>?
s+r, rn+3

Det( -1 s+5

)=(S+1"1)(S+5)+T2+3=Sz+(7‘1+5)S+57"1+7‘2+3

=52+ 20s+ 100
Can bang cac hé sb ta c6 hé:

rn+5=20 (:)r1=15
5ry + 1, +3 =100 T, = 22

Vay R=(15, 22) suy ra b6 quan sat L:RT:G;)

Nguy&n Thu Ha _ Ly thuyét diéu khién
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Tai sao can bd diéu khién phan hoéi dau ra?

« Dung bod diéu khién phan hoi trang thai thi can phai do
tin hiéu trang thai> Tuy nhién trong thwe té nhiéu trang
thai khéng do dwoc. Con tin hiéu dau ra ludn do duoc.

P4 14 bai toan tim bd diéu khién R phan hoi dau ra cho

doi twong:
9é¢=AX+BU
g CXTEA
y=Cx

trong dé6 AeR™", BeR™™M CeR™" sao cho hé kin thu dwoc v&i moé hinh:

95:(A-Bmg+sw
dt

y =Cx

c6 dwoc cac diémcuc S, ..., S, la nhikng gid tri cho trwérc.

19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién -
tw dong



« S& dung thém bd quan séat trang thai cing véi bd diéu
khién phan hdi trang thai dé c6 diéu khién phan hoi dau
ra.

« So d0 cau tric

L L Dai tugng " Z’
L ] ’| diéu khién
X "
= | Bd quan sat
i trang thai F_—
19/02/2020 Nguyén Thu Ha _ Ly thuyét diéu khién
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S dung bd quan séat Luenberger ta cé so do cau trdc

85 i y

w v farAx

y= Cx+Dyu

A\ 4

I*=

E.id—%=A§+Bz_t+L(__y.—Cg—Dg)i

Thuong chon gia tri riéng cla A-LC xa truc 3o hon rat
nhiéu so vdi gia tri riéng A-BR

19/02/2020 Nguyén Thu Ha _ LY thuyét diéu khién .
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« MO0 hinh trang thai cua hé kin

x] B [A—BR BR ] [x]

el 0 A—LC]| |e

« Hé kin 1a én dinh khi va chi khi A-BR va A -LC 6n
dinh

« Pa thirc dac tinh cua hé kin:

Ak(s) det(sl-(A-BR)).det(sl-(A-LC))

- Ohé tuyen tinh viéc thiét ké bd diéu khién phan

hoi dau ra coO thé tach thanh hai bai toan riéng:

thlet ké bd quan sat trang thai L va thiét ké bd diéu
khién phan hdi trang thai R

Nguy&n Thu Ha _ Ly thuyét diéu khién
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