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BAI GIANG MON LY THUET DPIEU KHIEN TU PONG

Phan mo dau

Muc dich mén hoc:
o Mbn hoc ly thuyét diéu khién tw dong cung cdp cdc phwong phdp nghién civu hé théng tw
dong, bao gom cdc phwong phdp thiét lip mé hinh todn ciia hé théng, phén tich — ddnh
gid chit lwong hé thong ciing nhuw thiét ké bé diéu khién.

Nhiém vu mon hoc:

o Sau khi mén hoc két thiic, sinh vién phai néim dwoc phwong phdp xdy dung cdc dgng mo
hinh todn tiv mét hé thong vt Iy cu thé (cic phwong phdp mé ti hé thong), tir do voi cac
tiéu chudn, dic tinh dong hoc da dwoc hoc phan tich, ddnh gid dwoc chit lwong ciia hé
théng va thwc hién bai todn tong hop (thiét ké b diéu khié’n).

Néi dung mén hoc: bao gom hai phin
1. Ly thuyét diéu khién tuyén tinh
2. Ly thuyet dieu khién phi tuyén
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Phan I: LY THUYET DIEU KHIEN TUYEN TiNH

CHUONG 1: NHAP MON

1.1 NQI DUNG BAI TOAN PIEU KHIEN

Dinh nghia:
Hg¢ thong tu dong 1a mét tap hop cac thiét bi nham thyc hién mot muc dich nao do cta con nguoi.

Vidu:
Hé thong diéu khién tdc do dong co, diéu khién chuyén dich tir vi tri ndy xang vi tri khac...
Mot hé thong s€ dugc mo ta bang mdt mo hinh toan hge. M6 hinh nay biéu dien moi quan h¢ cua
y, t
véc to tin hiéura (co s phant) y t =| . (dap mg ctia hé théng) phu thudc vao véc to tin hidu vao
y, t
u, t
(cOrphantr) ut =| . | (tin hiéu kich thich hé théng) va trang thai cua hé thdng duoc biéu dién

X t
bang véc to trang thai (co nphantr) X t =

Bai todn di€éu khién hé thong
Bai toan di€u khién hé thong duoc hi€u 1a bai toan can thi€p vao doi tugng dieéu khién dé hi€u chinh,
deé bién do6i sao cho no co chat lwong dong hoc mong muon. Ta phai tién hanh cac budce sau :

Xac dinh loai tin hiéu vao ra

Xay dung mo6 hinh toan hoc

Phén tich hé thong

Xéc dinh tin hiéu diéu khién (xac dinh luat diéu khién hoic thiét ké bd diéu khién)
Danh gia chat lwong hé théng

Thiét ké lai bo diéu khién

1.2 NHUNG CAU TRUC CO BAN CUA HE THONG PIEU KHIEN

1.2.1 Cac khdi niém co bdan

Mot hé thong diéu khién tu dong dang don gian nhét thuong c6 so dd khdi sau : bao gdm ddi tuong
diéu khién va b diéu khién véi cac bién vao, ra, va cac bién trang thai.

Conlroller———m  Plant -

Céac khai ni¢m tén bién dugc dinh nghia nhu sau :
e BIEN DUOQ DIEU KHIEN (controled variable): 1a mot thong s, hay mot diéu kién duoc
do va dugc dicu khién. Thong thuong 1a tin hiéu ra y(t)
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e BIEN PIEU KHIEN (Manipulated variable): 1a mot thong $0, hay mot diéu kién duoc thay
d61 boi bo diéu khién. Hay n6 13 tin hiéu vao cia ddi twong diéu khién u(t)

e BQ PIEU KHIEN (CONTROLLER) : v&i tin hiéu vao 1a sai 1éch diéu khién e(t), tin hiéu
ra 14 u(t) dwa dén diéu khién ddi twong

e POI TUQNG PIEU KHIEN (plant or object) : 1a mot vat thé vat 1y duoc diéu khién vi du
nhu dong co di€n, 10 nhiét, dong co di € gien

e THIET BI PO LUONG VA PHAN HOI (feed back): 1 thiét bi do tin tin hiéu ra dua tré
vé bo diéu khién nham giam sai 1éch tin hiéu ra so v6i tin hiéu diéu khién w(t) hodc Uq(t)
hodc R(t)

e PIEU KHIEN (control): do gia tri cua bién duoc diéu khién ctia hé théng dua tac /dong Ién
bién diéu khién nham hiéu chinh hodc giam bdt sai 1éch cua dai luong ra so voi chudn

e NHIEU (DISTURBANCE) 1 tin hiéu tac dong nguoc trd lai hé thong. Co nhidu do ban
than hé giy ra 1a nhiéu noi, nhiéu ngoai tac dong vao 1a nhiéu ngoai coi nhu tin hiéu vao

e PIEU KHIEN PHAN HOI (FEEDBACK CONTROL) : dung tin hiéu phan héi hiéu
chinh nham giam sai léch tin hiéu ra so v&i mot vai tin hiéu nao d6 ma ta mudn

e HE THONG PIEU KHIEN PHAN HOI (FEEDBACK CONTROL SYSTEM) : 1a hé
théng duy tri mbi quan h¢ gitra tin hi€u ra v&i mot s6 tin hiéu chuan nao d6 va st dung su sai
léch nay tac dong didu khién

e HE THONG PIEU CHINH XEC VO (SERVO SYSTEM) : day thuc chét 1a hé diéu
chinh vi tri, tbc d6 hodc gia tdc. thong thudng co cdu diéu khién 13 dong co xéc vo

e HE THONG TU PONG PIEU CHINH (AUTOMATIC REGULATING SYSTEM) : Ia
hé thong diéu khién phan hdi dé duy tri tin hiéu ra thuc té & gia tri mong mudn khi bi nhidu
tac dong

e HE THONG PIEU KHIEN QUA TRINH (PROCESS CONTROL SYSTEM) : 1a hé
théng tu dong ma tin hi¢u ra la bién

e HE THONG PIEU KHIEN THICH NGHI (ADAPTIVE CONTROL SYSTEM) : theo
thoi gian, dudi tac dong ciia nhiéu, dic tinh dong hoc ciia cac phﬁn tir, doi tuong thay ddi, hé
théng c6 kha ning thich nghi dugc nhitng thay doi ndy. D6 1a kha nging tu stra, tu chiinh
theo nhitng thay d6i khong du doan trude duogc

e HE THONG DPIEU KHIEN THONG MINH (LEARNING CONTROL SYSTEM) : I3
hé théng c6 kha ning tu hoc va tich uy kinh nghiém.

1.2.2 Hé thong diéu khién hé

-So d6 céu triic cua hé théng diéu khién nhu hinh :
Vi dy nhu muon di€u khién tau thiy di theo mot quy dao y(t), thiy thu phai luén bé 141 mdt goc w(t)
dé tao ra mdt goc banh 14i u(t).

w(t) u(t y(t)
— | CONTROLLER PLANT [—»

A 4

-Vé ban chat, day 1 bai toan diéu khién mot chiéu va chét lwgng didu khién phy thudc do chinh xac
cia mo hinh toan mo6 ta do1 twong va gia thiét trong qua trinh 1am viéc hé thong khong bi nhicu tdc dong

1.2.3 Diéu khién phdn héi trang thdi

-So d6 cau truc nhu hinh : Véi so d6 nay bg diéu khién nam ¢ mach chinh
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w(t) CONTRO u(t) v(t)
LLER PLANT —

A 4

-+

I><

-So d6 cau truc cia hé¢ c6 bd dicu khién nam ¢ mach phan hoi :

w(t) u(t) v(t)
=® PLANT —

+
CONTRO

LLER |

A\ 4

I><

-Nguyén tic diéu khién phan hoi trang thai 1a bd diéu khién sir dung véc to trang thai x(t) cua doi
tuwong dé tao thanh tin hiéu vao mong mudn u(t) cho dbi twong. Vi tri ciia bd didu khién co thé 1a mach
truyén thang hodc & mach hdi tiép

-Hé thdng diéu khién phan hoi trang thai c6 kha ning giit duoc on dinh chat lwrong mong mudn cho
ddi tuong, mac du trong qua trinh diéu khién luon bi nhiéu tac dong

1.2.4 Diéu khién phan héi tin hiéu ra

-So d6 céu triic nhu hinh 1.9 (24) : Véi so dd nay bd diéu khién ndm ¢ mach chinh

w(t) CONTRO u(t) v(t)
LLER PLANT >

Y

-+

-So do6 cau trac cua hé c6 bo diéu khién nam & mach phan hoi

wit) o~ ult) o PLANT v(t)

v

+

CONTRO
LLER

A

-O phuong phap trén cho ta chit lwong diéu khién rat tot, nhung ta s& gip kho khin trong viée xéac
dinh véc to trang thai X(t), boi khong phai luc nao ta cling do duge chiing, do vdy nguoi ta thay st dung
X(t) bang tin hiéu ra yt dé tao ra tin hiéu diéu khién u t cho ddi tuong diéu khién.

-Vi tri b diéu khién co thé 1a mach truyén thing hodc mach hoi tiép. Va ngay nay nguyén ly diéu
khién nay dugc giai quyet triét d& nho phan hoi trang thai va quan sat trang thai.
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1.3 PHAN LOAI CAC HE THONG TU PONG

HTDK tuyén tinh va phi tuyén : tinh xép chong diing cho tuyén tinh va khong ding cho phi
tuyén
ut =yt

u t =y, t
au, t +bu, t >yt =ay, t +by, t

HTDK dung va khong dung : hé sO cua phuong trinh mo ta 1a hang s, dap mg ra khong
phu thudc thoi diém xuét hién tin hiéu vao — hé khong dung c6 mdt vai thong s6 thay doi
theo thoi gian, dép tng ra phu thudc vao thoi diém xuat hién tin hiéu vao

HTDBK lién tuc — HTPK roi rac

Hé SISO — MIMO (single input single output) : hé mot chiéu -multy input multy output : hé
nhiéu chiéu

Hé diéu khién thong sd tap trung — Thong sd phan bd

Hé tién dinh — ngau nhién

1.4 NOI DUNG CO BAN CUA LY THUYET PIEU KHIEN TU PONG

M6n hoc nghién ctru cac nguyén tic chung dé xay dung hé théng tu dong, cac phuong phap khao
sat chung ma khong phu thudc vao ban chat vat Iy ctia cac qua trinh. La co so dé thiét ké cac hé tu dong.
N6 c6 hai nhi€ém vu chinh

1.phdn tich hé thong : khao sat nguyén 1y hoat dong ctia cac phan tir ciing nhu hé théng véi ciu tric
va thong sb di cho cung véi tac dong dau vao khac nhau. Noi cach khac thong qua mé hinh c6 dugc ta
khao sat tinh 6n dinh, danh gia chat lugng tinh, dong cua hé théng

2.Tong hop bé diéu khién : tir d6i tuong diéu khlen tlr yéu cdu chat luong cua h¢ ta phai chon dugc
cac khau hiéu chinh, bd diéu chinh cing cac théng sd ctia né thoa mén cac yéu cau trén.
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CAU HOI ON TAP CHUONG 1

Cau hoi 1: Mo hinh toan hoc ctia mot hé théng tu dong la gi? Muc dich cua viéc thiét lap mé hinh
toan hoc cua mot hé théng tu dong.

Cau hoi 2: Phan biét khai niém diéu khién ho va khai niém diéu khién phan hoi

Céu hoi 3: So sanh phuong phap diéu khién phan hoi trang thai va diéu khién phan hdi tin hiéu ra.

Cau hoi 4: Trinh bay cac phuong phap phan loai hé thong tu dong.
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CHUONG 2: PIEU KHIEN LIEN TUC TRONG MIEN PHU'C
2.1 CAC CONG CU TOAN HQC

2.1.1 Hém bién phirc (tw doc 25-30)
2.1.2 Phép bién doi Fourier

Pay 14 cong cu hitu hiéu dé khao sat ddc tinh tan s6 ctia mot tin hiu x(t). N6 gitp ta biéu dién x(t)
thong qua tap cac dao dong cta nd. Trong d6 mdi dao dong lai 1a mot tin hidu diéu hoa dic trung cho x(t)
tai moi diém tan sé nhat dinh.

1. Anh Fourier cta tin hiéu tuan hoan

Cho tin hi¢u tuan hoan : x(t) = Acos(w,t —¢) véi tan s6 dao dong @, ta c6 thé bién ddi thanh :

. -t o . 1T ) .
x(t) =ce’ +ce”” = ceM™[c, == jx(t)e‘”‘”otdt van=..-1,0,1,...
N=—o0 0

2. Anh fourier cua tin hiéu khong tuan hoan
Cho mot tin hiéu x(t) hop 1€ v&i phép bién doi fourier thi ta ¢ thé biéu dién nhu sau :

anh (hay pho) fourier X (jo)=F x(t) = [x(t)e "dt

—o0

Véhémgéc x(t):|:—1 x(t) :Zi IX(jw)ej‘“da)
7[—03

Toan tir fourier ¢ 8 tinh cht quan trong duoc trinh bay & trang 32

3.Phép bién doi Fourier 1a mot phép loc tan cao. Ta gia sir ¢ tin hiéu ;((t) = X(t) + n(t) trong do n(t)
1a thanh phan tin hiéu nhiéu cao tan 1dn vao. ta co thé loc x(t) ra khoi ;((t) bang céach tinh anh Fourier ctia
ham X(t), sau do bo di tit ca cac thanh phin tin s cao hon w, trong X (jo) theo cong thuc :

) ) 1,|a)|Sa)g . .
X jo = JoW o ;W o = ro1 chuyén nguoc lai ta duoc x(t)

O,|a)| 2 o,

2.1.3 Phép bién dbi laplace

Day 1a cong cu hitu hiéu cho viéc phan tich mot hé thong k¥ thuat voi cac tin hiéu thudng gip 1a tin
hiéu causal (tin hiéu c6 tinh chit nhan qua)

1.Phép bién déi thuin

Néu c6 mot ham thoi gian x(t) hop 1é v6i toan tir Laplace thi ton tai anh L 1a x(s)

X(s)=L x(t) =0]x(t)es‘dt

C+joo

Va x(t)=L" X(s) = L I X (s)e’ds véi s=c+jw

27 ¢ joo
Céc dinh 1y quan trong : dugc trinh bay ¢ trang 10-11
1.Dinh 1y tr& : ham x(t-T) ¢6 anh L: x(s)e™"
2.Dinh ly dao ham : dx(t)/dt c6 anh L : sx(s) —x(0)
3.Dinh ly tich phan : tich phan ctia x(t) c6 anh L : (1/s)x(s)

X +0 =limsX s

4 Dinh 1y téi han : e
X o =limsX s

s—0
2. Phép bién d6i nguoc
Dé thuc hién phép bién d6i nguoc, ta co thé s dung nhiéu cach, don gian nhét 1a ta dung phuong
phéap bién ddi ngugc ham hiru ty :

e Phén tich ham thanh tong cac phan thirc i gian

e Tra bang anh dich vé thanh tong cac ham gbc co ban

e Tinh tong cdc ham gdc da tim duoc
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Vidy : cho ham anh X(s)=— ! = ! —l+i2
s°(1+s) 1+s s s
Tra bang anh ta tim duoc ham gbe x(t) = (e —1+t)1(t)
3. Ung dung : Sir dung phép bién ddi Laplace giai phwong trinh vi phin
2

M + 2%
dt
3 3 3.2 3(s +1)

S(s*+25+5) 55 10[(s+17+2°| 5[(s+1)+2°]

Cho phuong trinh +5y =3 véi diéu kién dau bang khong. Chuyén qua anh L ta ¢6

Y(s)=

3 3 } 3
Tra bang ta co6 y(t) ==——e"'sin(2t) — = cos(2t
g y(t) 5710 (2t) 5 (2t)

2.1.4 Tin hiéu

Tin hiéu x(t) 13 mot ham sb phu thudc thoi gian mang thong tin vé cac thong sb ki thuat duoc quan
tam trong h¢ thong, dugc truyén tai boi cac dai lugng vat 1y. Noi cach khac tin hi€u 1a mot hinh thirc biéu
dién thong tin.

Vidy : ta muon di€u khién muc nudc trong mét cai binh luén ¢ d6 cao khong doi, thi mirc nude
trong binh 1a mot thong sd chung ta can quan tdm. muc nudc ndy duoc do boi sensor ap dién, tirc gia tri
tire thoi cua myc nudc duge biéu dién thong qua mot ham dién ap u(t) v6i don vi 1a mv. Thi ta ndi u(t) 1a
tin hiéu mang thong tin vé myc nudc.

Trong mdt hé thdng c6 nhiéu tin hidu : X (t), X, (t)...x (t) duoc quan tim cling mot luc thi nd tao
thanh mét véc to tin hi¢u duoc ky hi¢u :

X, (1)
T
x=| . |=x0 . x(@)
X, (1)
1. Phan loai tin hi¢u
e Tin hi€u lién tuc-tuong tu - Tin hi¢u khong lién tuc-tuong tu

ik
Anoitige

e Tin hi€u lién tuc- roi rac-Tin hi€u khong lién tuc rd1 rac : tin hi€u so6

ampitite
impiiuds

Hinh 1.1 trang 2 LTDKTT thé hién truc quan 4 dang tin hiéu trén

2. Mgt sb tin hi¢u dién hinh ,
Trong diéu khién tuyén tinh ta thuong su dung mdt s6 dang tin hi¢u sau (cac tin hi€u nay c6 dac tinh

chung 1a c6 tinh nhan qua : tinh causal tirc 1a x(t)=0 khi t<0)
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1)Tin hi€u bac thang (ham heaviside) dugc dinh nghia nhu sau :

Lkhi—t>0
1(t) = .
0,khi—t>0

2)Tin hiéu ting dan déu duoc xac dinh nhu sau (RAMP) :

t khi—t>0
X(t):txm):{o khi—t <0

3)Tin hi¢u xung vudng
== [1(0 1t-T,) ]

4)Tin hi¢u dirac (con goi la ham mo rong delta)

d 1
o(t) =al(t) = I|m_|_ 1(t) -1(t-T,

a
T,—0

Hinh 1.2 va 1.3 trang 4 &S5 thé hién dang ciia bon tin hi¢u.

v
v

v

2.2 XAY DUNG MO HINH TOAN HQC

MO HINH (model) 13 hinh thirc biéu dién lai nhitg hiéu biét cua ta vé& hé thong mdt cach khoa
hoc, vé mbi quan hé giira tin hiéu vao u(t) va tin hiéu ra y(t) nhim phuc vu muc dich mé phong, phan
tich, va tong hop bo diéu khién cho hé thong

Viéc xay dung mo hinh goi la md hinh hoa. Co6 hai phuong phap mé hinh hoa : thuc nghiém va 1y
thuyét

A.phvong phap Iy thuyét

La phuong phap thiét 1ap mo6 hinh dua trén cac dinh luat c6 sin vé quan hé vat 1y bén trong va quan
h¢ giao tiép véi moi truong bén ngoai ciia hé thdng. Cac quan hé nay duge mo ta theo theo quy luat ly
hoa, quy luat can bang ... dudi dang nhiing phuong trinh toan hoc. vi du : mé ta may dién bang phuong
trinh c4n bang dién ap, phuwong trinh cn bang mé men

B.phwong phap thuc nghiém (nhdn dang)

Trong trudng hop ching ta hiéu biét vé cac vé quan hé 1y hoa bén trong va quan hé giao tiép voi
mdi truong bén ngoai cua hé thdng khong duoc day du dé xay dung hoan chinh mé hinh hé théng nhung
du thong tin dé khoanh ving cic mé hinh thich hop, sau d6 ta ding phuong phap thyc nghiém dé xay
dung tiép mo hinh. Ttrc 1a ta tim dugc mot mo hinh thude ving cac mé hinh thich hop trén dya trén co s¢
quan sat tin hiéu vao ra sao cho sai léch giita no voi nhitng mé hinh khac 1a nho nhét day 1a phuong phép
nhan dang hé théng.

CAC DANG MO HINH TOAN HQC CUA HE SISO :

e 1)Phuong trinh vi phdn mo td quan hé u(t) va y(t)
e 2)Ham truyén dat G(s)
e 3)Ham dic tinh tan G( jo)

2.2.1 Phuong trinh vi phan (differential equation) )
Dua trén cac dinh luat c6 san vé quan hé vat Iy bén trong va quan h¢ giao ti€p voi moi truong bén
ngoai cua hé thong cac quan h¢ nay dugc mo ta theo theo quy luat ly hod, quy luat can bang ... tao ra hé
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phuong trinh vi phdn mé ta ban chit dong hoc ctia cac phan tir, hé thong. Pay 1a mé hinh gbc dung véi
ban chat thuc. N6 c6 dang tong quat nhu sau :
dy d"y du d™u
+a,—+..+a =bu+b —+..+b
WY G "dt" . dt " dt”

Trong d6 cac hé sd a,b; duoc xdc dinh tur cac phan tir ciu thanh hé thong. chung c6 thé 13 hiang sb

hodc tham sé phy thudc thoi gian hodc cac yéu td khéc.
vi du : cho mach dién nhu hinh 2.17 trang 56

u(t) Rgf(t)

Stur dung céac dinh luat vé mach dién nhu Kirchoff ta s& xay dung dugc phuong trinh vi phan mo ta
quan h¢ gitra tin hi¢u ra va tin hi¢u vao nhu sau :

dy(t) +(CRR,+ L)YV R 4 R)y(t)=CRR,

Trong do u(t) 1a tin hiéu vao (t1n hiéu kich thlch), y(t) 1a tin hiéu ra (tin hiéu dap ung)

dy( ) du(t)

2.2.2 Mé hinh truyén dat TF (transfer function)

1.Ham truyén dat : 7

Xuat phat tir PTVP dang tong quat mo t4 quan h¢ vao ra cua h¢ :

d"y du d™u
=bu+b —+..+b,

dt" " dt " dt”

y+ ﬂ++a
Y aidt ~+a,

Xt -X's

L dx t L N
Qua phép bién doi Laplace (TJ —>sX s véigia thiét di€u kién dau bang 0 ta co :

(d”x tj )
—>s'X S
dt"

(ao+ars +...+ans")Y(s) =( by + bys +...+ byps™)U(s) . Tir dé ta cd
Y s b,+bs+..+b,s" 3

Gs = =2 1 " la ham truyén dat
Us a,+as+..+a,s

Viy ham truyén dat la ty so ciia dnh Laplace tin hi¢u ra chia cho dnh Laplace tin hi¢u vao ung
voi diéu kién dau bang khong
Xéc dinh HTD ctia mach dién sau : vi du 2.17 trang 56

C L
Il T

R1 R2

U(t) y(t

Viét phuong trinh cho cac linh kién :

s =CsU, s

c

<1, s =Lsl, s;
Rir t =u; t ©Rl; s =U; s ;
Ri, t =yt &Rl s =Y s;
Thay vao cac phuong trinh kirchoff'ta co :
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yt u t+yt du t+yt du t
+ + = =
CR, CR, dt dt

CRR,sU s =[CLRs’+ CRR,+L s+ R +R, ]Y s
2 2 2

Tur day taco :
Y s CRR,s

G s = =
Us [CLRs*+ CRR,+L s+ R +R, ]

2.Thong tin tir mo6 hinh
e Tu HTD ta c6 thé tim duoc md hinh ZPK (zero pole gain) : biét dugc vi tri cac diém cuc,
diém khong trén mat phang S.
e Ta biét dugc cac dic tinh dong hoc Ham qué d6 h(t), ham trong luong g(t), ham truyén dat
tan sb
e Danh gia chét luong h¢
Vi du: Bai tap 19 trang 222 : xic dinh ham truyén dat ciia cic mach dién

R1 R L
o R — T

1 1 1
I '

1uH

R
@RESISTOR

u =iR
- cdu,
©dt
. R
u,=i.R, =>u, = ¢ ;;:Uc
cR,du

y(t):uc+u2=uc+$<:Y s =U, s 1+cR,5)=U_, s =Y s /(L+CR,s)

I.=csU, s =csY s /(1+cCR,s)

Us =U s +Y s =RcsY s /(L+CR,S)+Y s = RS +(1+CRys)
(1+cR,s)
Y s
Gs = __ (1+cRys)
Us Rcs+(L+cR,s)
T, =Rc
T,=R,C

1+T,s
G 6 )—2
1+ +T, )
3. M hinh diém khéng - diém cuc ZPK (zero pole gain)
(S — Z1)---(S — Zm—l)(s — Zm)
(8= py)-(s=Py)(s—Py)
e Trong do6 k: h¢ ) khuyéch dai, zi 1a diém khong pj 1a diém cuc

e v6i mo hinh nay, ta ding dé thiét ké bo diéu khién hoc phan sau
e khai b4o md hinh ZPK trong Matlab :

Pay 1a mot dang cta ham truyén dat G(s)=k
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e h=zpk(z,p,k)

2.2.3 So db céu triic va dai sé so dd khoi

1.Khai ni§m )
Mot hé thong tuyén tinh, sau khi duwgc mo hinh hoéd né c6 so d6 khoi nhu sau :

— G(s) —

1(1), 5 (),u(®) h(t), 9(t).y(t)

So d6 ciu triic bao gdm nhiéu khdi co ban duoc ndi véi nhau theo chiéu tin hiéu, mdi khdi co6 ham
truyén dat dic trung cho quan hé vao ra

Thyc chat 14 ta phan hé théng 16n thanh nhiéu hé thdng con dugc ndi véi nhau theo chiéu tin hiéu

-Xay dyung so d6 ciu truc tir ham truyén dat : ta c6 thé xay dung so dd cau triic bang cach phan tich
ham nay thanh tong hoic tich cac ham co ban

-Xay dung so dd cu trac tir md hinh SS : Can ctr s6 luong bién trang thai, ta x4c dinh dugc )
luong khau tich phan, tir qua hé cac phuong trinh ta xay dung dugc so d6 ciu trac.

Vidu : cho mach dién nhu hinh v&

5V

+V
o Rs

R

<1, s =CsU, s ;=>U, s :éll S

X

Ta c6 phuong trinh cho timg phan ti :

du, t
i) -c e

dip t 11
uc=uL(t):L(Lj—t<:>UL s=Lsly s =1 s =2 UL s
Riz t =uz, t &Rl s =Ug, s ;
Phuong trinh mach vong va nut ta co :
—-u, +i,R,+u, =0

-l +1 +1i. =0
Tur day ta c6 so do cau truc mach nhu sau

il

U=

2.Dai s6 so d6 khéi :
1a cac phép quy doi tuong duong dé tinh ham truyén dat cta hé khi ta biét dugc so dd cau tric ctia
hé. Bao gom :
e 2 kh6i mic song song
e 2 khéi méc ndi tiép
e 2 khdi méc hoi tiép
e Phép chuyén nat tin hiéu tr trude mot khdi ra sau mot khodi
27



Phép chuyén nat tin hiéu tir sau mot khdi ra trude mot khodi
Phép chuyén nat r& nhanhtin hidu tir trude mot khédi ra sau mot khdi
Phép chuyén nat r& nhanh tin hiéu tir sau mot khdi ra trude mot khodi
Phép chuyén nut r& nhanh tir trude mot nit ra sau mot nit
e Phép chuyén nut r& nhanh tir sau mdt nat ra trudc mot nat
vi du 2.25, 2.26, 2.27 trang 72, 73 : bién d6i so d6 khoi dé tinh ham truyén dat cua hé thong

3.So d6 tin hiéu

Pay 1a mot dang ciia SDCT thay mot khdi, véi tin hiéu vao, ra bang hai diém, mot dudong cong theo
chiéu tin hiéu va biéu thirc ham truyén

4.Matlab : tir SDCT ta c6 thé chuyén thanh so d6 mé phong thong qua thu vién Simulink va ta tim
duoc ham h(t) cling nhu cac trang thai ma ta mudn

2.2.4 S0 do tin hiéu va cong thirc Mason (tw doc trang 74-80)

2.2.5 DAC TINH DPONG HOC
1.Dap wng thoi gian
1)Ham quda do
Ham qua d dwoc ky hiéu h(t) (step respone) 1a dép ung cta hé thong khi hé dang & trang thai 0
duoc kich thich dau vao 1a ham 1(t). Ham h(t) 1a mot duong cong md ta qua trinh hé théng chuyén tir mot
trang thai xac 1ap nay xang mdt trang thai xac lap khac.
Ham qué d6 duoc st dung dé danh gia chat lwong dong hoc cua hé thong trong qua trinh qué do.
Thong thuong ham qua d c6 dang duong cong sau :

Step Response
T

denta h
+5%

E : -5%
8+ ; : 4
Ts ' '

| Td

...X

Amplitude

Trzx

D : 1 : 1 : 1 1 1
0 0z 04 05 03 1 =

Time (sec)

Qua trinh qué d6 cia mét h¢ théng dugce hiéu la qua trinh hé théng chuyén tur trang thai xac 1ap ci
( h(t)=0 vé1i t<0) xang trang thai xac lap mdi. Thoi diém xac dinh hé théng dat trang thai xac 1ap mai 1a
duong cong qua do di vao viing sai s6 cho phép va khong thoat ra nita.
Qua duong cong qua do nguoi ta xac dinh duoc 4 chi tiéu dé danh gia chat luong cua hé thong
trong qua trinh qua do :
Thoi gian tang (T, rise time) : dugc xac dinh tai thoi diém ham h(t) dat tir 10% dén 90%
gia tri xac 1ap .. N6 dic trung cho kha ning cuong kich ciia hé thong.
2. Thoi gian tré (Tq delay time) : dugc xac dinh tai thoi diém hé dat 50% gia tri xac lap.
3. Thoi gian qua do (Ts settling time) : 1a thoi diém hé dat trang thai xac lap
4. Qua diéu chinh (& : overshoot) : dugc xac dinh bang ty 16 phan trim cua gia tri ham h(t)
dat 16n nhét so voi gid tri xac lap
Cac phuong phap xay dung ham qua do
1)Str dyng md hinh ham truyén dat :
A.Tinh h(t) thong qua dnh L cta né
e Ham gbc h(t) c6 anh L 1a 1/s
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e G- LYJ :/ Y € =G €1 € . Vay H(s)=G(s)/s, tra bang ta c6 h(t)

B. Dung c&c I¢énh Matlab
Trong Matlab dé khai bao mé hinh ta c6 thé dung hai 1énh :
e sys=tf(num,den)
e Hoac s =1{'s"); sys=f(s)
e Step(sys) %xac dinh ham qua do
o Lsim(sys,y,t,[,Xo])%xac dinh dap tng véi tin hi¢u bat ky
2)Dung phuong phap thuc nghiém : xay dung dudng cong qua d6 thong qua cac phuong phap
nhan dang hé théng bang thyc nghiém
2)Ham trong luwong g(t) (impulse respone)
La dap tmg cta hé khi hé dang ¢ trang thai o va dau vao duoc kich thich boi xung dirac
Ham trong lwong md ta sy phan Gng cta hé théng dbi véi nhidu. P6 1a qua trinh hé quay tro vé
trang thai xac 1ap ban dau khi bi nhiéu danh bat khoi vi tri 1am viéc.
Mot hé thong tuyén tinh, sau khi duge mé hinh hod né ¢6 so do khéi nhu sau :

— G —

1(1), 5 (H).u() h(t), 9(t).y(t)

Cac phuong phap xay dung ham trong lugng
1)Str dung mo hinh ham truyén dat :

A.Tinh g(t) thong qua anh L cta no

e Ham gbc 5@ coanhL1al

e G€* lYJ—:<:> Y€ =G€D € . Vay G(s)=G(s), tra bang ta c6 g(t). Vay anh L cta ham
A
trong lwong chinh 14 ham truyén dat
B. Dung cac Iénh Matlab
Trong Matlab dé khai bao mé hinh ta c6 thé dung hai 1énh :
e sys=tf(num,den)
e Hoac s =1{'s"); sys=f(s)
e Impulse(sys) %xéc dinh ham trong luong
2)Dung phuong phap thuc nghiém : xay dung duong cong qua do thong qua cac phuong phap
nhan dang hé théng bang thuc nghiém

Thong thuong ham g(t) c6 dang nhu sau :

2.Dap ing tin so6 (frequency response)

Dic tinh tan cho phép ta khdo sat hé trong mién tan sd, co nghia khi dau vao 1a tin hiéu sin thi dic
tinh tAn cho ta biét quan h¢ gitra bién do, goc léch pha cua tin hi€u ra so véi tin hi€u vao phu thudgc vao
tan s6 n6 dang lam viéc nhu thé ndo. Dé dé dang khao sat hé nguoi ta dua ra 3 dang dic tinh : DTTS bién
phaG(j®), (du’(‘)‘ng cong Nyquist) DTTS logarith bién d6 L(® ) va pha ¢(w) (d6 thi Bode)

Dap tmg tan sd ctia hé thong c6 thé dugc bicu dién bang hai cach : duong cong Nyquist va do thi
Bode. Ca hai d6 thi déu cho ta biét cac thong tin nhu nhau, nhung cach thé hién khac nhau. Bap tng tan
s0 1a phan tng ctia hé thong véi tin hiéu vao sin, blen thay d6i 1a tan sb va tin hidu ra c6 tan s gidng tin
hiéu vao nhung khac vé bién do va pha. Dap ung tan s6 (frequency response) xac dinh sy khac nhau giita
bién do va pha cua tin hi¢u ra so v¢i tin hi€u vao.

Vi du mot thuyén budm chiu tac dong cua song bién x(t)=Xmsin @ t, tin hiiéu ra la do lic cua thuyén
y(t)=Ymsin( @ t+¢)

1)Puong cong Nyquist (The Nyquist Diagram)

DBuong cong Nyquist xdy dung tir ham truyén dat tan s G(j* W) trong do G(s) la ham truyén dat hé
ho, w 1a véc to tan s0 bao nura mat phing bén phai. dudng xanh biéu dién tan s tir 0 dén vo cing va
duong do biéu dién tan sé am.

Cac phwong phap xiy dung duong cong Nyquist
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1)Dung phwong phap dai s0 thong thu'(rng

Xuét phat tir ham truyén G(s) ta thay s= j @ ta duoc
G(jw)=ReG(jo)+ImG(jw).

T day ta co bién do A(@ ) va pha ¢(w)

Khi cho @ chay tir 0 &n + VC ta duoc dudng DTTS bién pha (nyquist)
2)Dung cac Iénh Matlab

Trong Matlab dé khai b4o mo hinh ta c6 thé dung hai 1énh :

e sys=tf(num,den)

e Hodcs=A1('s"); sys=f(s)

e Nyquist(sys) %xac dinh duong cong Nyquist

jA-axis

Infinity

Real AXis

3

Vidu 2.36 trang 84 : Xay dung duong cong Nyquist cho hé co HTD: G s = 1225
S 1+4S

Str dung 1énh Nyquist trong Matlab ta duogc :
s=tf('s") Transfer function:s

>> sys=3/(s*(1+2*s))

Transfer function:

25"2+s

>> nyquist(sys)

>> grid on

Ta c6 két qua nhu sau :

‘«
|
\
|
t

Pudng cong phia dudi biéu dién tan s6 bién thién tir 0 ra vo cing

2)Puwong diic tinh tan logarith - do thi bode

La hinh thtc khac biéu dién mdi quan h¢ gilra bién do va pha cua tin hi€u ra so vdi tin hi¢u vao khi
tan s6 lam viéc cua hé thong thay d6i tir khong dén vo cing trén truc log (tan sb). P thi Bode bao gom
hai dd thi con : Pic tinh TSBP va Pic tinh TSPH

Chu y truc tan so theo ty 1€ xich Ig (dec), truc pha la dg va truc bién d¢ la decibel (db). Decibel dugc
dinh nghia la 20*log10 ( |G(G*w|)

-Béc tinh TSBD duogc dinh nghiala L o =20 Ig‘é(ja)) c¢6 don vi 1a dezibel (dB). Cir thay d6i 20

dB tuong dwong hé s6 khuyéch dai thay d6i 10 lan, 40 db hé s khuyéch dai thay d6i 100 lan

-Tryc hoanh 1a Ig® ¢ don vi 1a dec, ¢ nghia thay ddi 1 dec twong dwong tan s6 thay d6i 10 1an, 2
dec tan sb thay d6i 100 lan

-Thuc chét day la thu thuat chon hé truc toa d§. Vi viée chon nhu the cho phép trong khoang dién
tich du nho, ta van ¢ dugce dd thi day du cua h¢ thong trogn mot dai tan sb 16n. Va cong viéc xay dung
d6 thi ciia hé théng gdm nhiéu hé théng con mic nbi tiép dé dang hon nho cong cac dd thi con nay.

Cac budc xay dung duong cong Bode nhu sau :

e 1.Phan tich HTD tan s6 thanh hai thanh phan thyc ao
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e 2 Tinhbiénddo A w
e 3TinhL @ =20lgA @ dung dic tinh khi tin s thay doi tir 0 dén VC

e 4.Tinhgéc ¢ » =arctg g— dung dac tinh pha khi tan s6 thay doi tir khong dén v6 cung.
@

Théng tin tir dap wng tin s6 : Dap Gmg tan s ciia hé ho cho ta biét chat lwong ciia hé thong kin :
C6 6n dinh hay khong

D6 du trit 6n dinh 13 bao nhiéu

Dinh cong huong va do rong dai thong DC GAIN

Va céc thong s6 khéc

110
s+1 s+11

-Vi du 2.45 trang 93 : xay dung d6 thi Bode ciahé G s =

Str dung 1¢énh Matlab ta cé
s=tf('s") : Transfer function:s

>> gys=110/((s+1)*(s+11))
Transfer function:
110

s"2+12s+11

>> bode(sys)
>> grid on

Eode Diagram

20

af---

]
[=1
T

Magnitude (dE)
é ,

@
=]
T

Phase (deg)
@
o

Mot vi du truc quan cho ta th'c”iy dap ung cua hé théng phu thudc vao tan so6 tin hiéu vao nhu thé nao
qua két qua mo phong dudi day :
w=0.3;
num = 1;
den=[1051]7;
t=0:0.1:100;
u = sin(w*t);
[y,x] = Isim(num,den,u,t);

plot(t,y,t,u)
axis([50,100,-2,2])
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den=[10511;
t=0:0.1:100;

u = sin(w*t);

[y,x] = Isim(num,den,u,t);
plot(t,y,t,u)

axis([90, 100, -1, 1])

1

o0 92 o4 08 98 100

2.2.6 Quan_hé giita phan thwc va phan do ciia ham ddic tinh tin - todn tiv Hillbert
bay 1a bai toan xac dinh ham truyén dat cua h¢ thong khi biét dugc phan thuc hoac phan do cua
chung. Ty doc trang 94-100

2.2.7 Xay dung mé hinh todn hoc cua cdac khdu co bdn

1.PHAN LOAI CAC KHAU CO BAN

Trong mon hoc, cac khau dong hoc co ban dugc phan loai nhu sau :
e 1.Khau khuyéch dai

2.Khau quan tinh bac nhat

3.Khéu quan tinh bac hai

4.Khau dao dong

5Khau tich phan

6Khau vi phan

7.Khau lead/lag

8.Khau tré

9.Khau pha cyc tiéu

2.KHAU KHUYECH DPAI P (PROPOTIONAL)
e HTD:G(s)=k
1.TSBP : 1a mot diém trén truc thuc
2.Tslogarith : 13 mot duong thiang ndm ngang
3.Ham qué d6 13 mot duong ndm ngang
4.Ham trong lugng trung véi truc hoanh
Vi du : xay dung cac dac tinh dong hoc cta khau khuyéch dai véi k=100

Nyquist Dizgram Bode Diagram

]

o 06

-0.5

Imnzginary Ax:
o
Phase (deg)Magnitude (HB)
L4 o LB 8

=
=

0 1

100.5 05

100

Amplitude
Amplitude

9.5 05

EE] -1
0 0.5 1 0 0.5 1
Time (sec) Time: (sec)
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Néu trong mot gidi han hep bo qua cac ky sinh, phi tuyén ta co thé coi cac phin tir sau 1a cac khiu
khuyéch dai : chiét ap, khuyech dai thuat toan, may phat toc, h¢ don bay, h¢ voi phun va 14 chan, cac van
thuy luc hay khi ...

3. KHAU QUAN TiNH BAC NHAT PT1

Vidu:

HTD : G(s)=k/[1 +Ts)

Trong d6 k 14 hé s6 khuyéch dai ctia khau, T hang s6 thoi gian quén tinh, s 1a toan tr Laplace
1.TSBP : la dudng tron ban kinh r=k/2 tam 1a [k/2 0]

2.Pic tinh TS logarith : ¢6 tan s6 gy 1a 1/T tan sé & ving 16n hon 1/T thi ¢t tan sb thay doi

10 1an bién do thay dbi 20 bd (46 nghiéng -20db/dec)

Dic tinh pha logarith s& chay tir 0 dén -pi/2 tai tan sé gy goc pha sé 1a -pi/4
3.Ham qua d6 13 mot dudng cong xuat phat tir 0 xac lap tai k

4. Ham trong luong 1a mot duong cong Xuét phat mdt diém trén truc tung k/T xac lap tai truc

hoanh theo ham mii
xdy dung cac dac tinh dong hoc cta khau G(s)=100/(s+1)

Imaginary Ax
o 4
o
o
E<
g

ssssssssssssssssssssssssss

Amplituds
5
Ampltade
845888

o
]
7
7
g

N

Mach hi¢u chinh RC, LR, may phat di¢n DC véi dau vao la kich tur ra 1a dién ap, binh nén khi, 10

nhiét ...

4 KHAU QUAN TiNH BAC HAI PT2

HTD : G(s)= k/(1 +Ty 5)(1 +T25)

Trong d6 k 1a hé s6 khuyéch dai cua khau, Ty khac T, hang s thoi gian quan tinh, s 1a bién

Laplace

1.Déc tinh TSBP : la duong cong cit truc hoanh tai k va két thuc tai géc toa do

2.Dic tinh TS logarith : ¢6 tan s6 giy 1a 1/T (day la dinh cong hudng) tan s6 & ving 16n hon
1/T thi cr thay d6i 10 1an bién do thay d6i 40 bd (46 nghiéng -40db/dec)

Dic tinh pha s& chay tir 0 dén -pi

3.Ham qua d¢ la mot duong cong xuét phat tr 0 xac lap tai k dang chir s

4. Ham trong lugng 1a mot dudng cong xuét phat tir goc toa do vot 1én rdi triét tiéu theo truc

hoanh theo ham mu
10

Vidu : xay dung cac dac tinh dong hoc cta h¢ c6 ham truyén datnhusau: G s =
2s+1 10s+1
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Imaginary Axis

Amplitade

Myguist Ciagram

Real fods

Step Response

5 KHAU DAO PONG BAC 2
e HTD : G(s)=k/[1 +2DTs + T%?)
Trong do k 1 h¢ s6 khuyéch dai cua khau, T hang so thoi gian quan tinh, s 1a bién Laplace, D hé
s6 tat dan (0<D<1 vi néu D> 1 n6 tro thanh khau PT2)

1.Dac tinh TSBP : ¢6 ham truyén dat tan s6 nhu sau :

20 a0 80

Time (sec)

Phase ety agninde 8

=8 o 8

&
=]

@
=

Biode Ciagram

——_

10 10°

Frequency (radisech

Imnpulse Responss

o 20 40 B0
Time (sec)

k

G(jw) =

(joT)? +2DjoT +1

e 2.Pic tinh TS logarith : L (w)=20lgk khi tin s6 nh6 hon 1/T .
L (@) =20lgk — 40lg (@) khi tan s 16n hon 1/T co tan sd gy la 1/T (ddy 1a dinh cong hudng)
tan s6 & ving 16n hon 1/T thi ¢ thay d6i 10 1an bién d6 thay d6i 40 bd (d6 nghiéng -40db/dec)

e Dic tinh pha s& chay tir 0 dén -pi tai tan sb gay goc pha sé 1a -pi/2
3.Ham qua d6 13 mot dudng cong xudt phat tir 0 xac lap tai k c6 dao dong

e 4 Ham trong luong la mot duong cong Xuét phat tur géc toa do vot 1én rdi triét tiéu theo truc

hoanh

Khau dao dong bac hai trong thuc té c6 thé 1a dong co DC kich tir doc 1ap, tin hiéu vao la dién &p, ra

1a goc quay. Hé co khi c6 dan hoi, trong lwong, giam soc

Vi du : Xay dung dac tinh cia ham : G(s) =

6.KHAU TiCH PHAN

HTD : G(s)=k/s

Imzginary Axs

Amplitode

1.Béc tinh TSBP : 1a m{t ntra truc 4o phia 4m
2.Dic tinh TS logarith : 1a mot dudng thang co do nghiéng -20 db/dec. Khi tin s =1 thi bién
d6 bang k db khi tan s6 =k thi bién do bang 0db.
Dic tinh Pha 1a dwdong nim ngang —pi/2

3.Ham qua do 13 mot duong co do dbc 1a k

4.Ham trong luong la duong k

Nyauist Diagram Bode Dingram
T g =
E
R
g
,,,,,,,,,,,,,,,, £ =
&5 0
Eo)
w a0
&
L & -180 ; = ,
@ @ i 20 1o 10 o o
Real fods

Frequency {adisec)

Impulse Response

o 10 20 =0 40

Time (sech
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Vi du : tin hi¢u ra 1a dién ap tu di¢n, tin hi¢u vao la dong dién nap, thi tu di€én 1a mét khau tich phan,
tur thong trong cudn cam, goc quay cua dong co, muc nudc cua két ...Khau tich phan c6 cac dac tinh
dong hoc nhu sau :

N ynuist Dizgram Bode Diagram

n
o

o

maginary Avis
b dn
b

o @
23
.H:|

Phase (deq)Magnitude (dB)

=]
@
o
=]
o
2
a

Ampiitude:
Ampiitude:

7. KHAU VI PHAN

HTD : G(s)=ks

1.Pac tinh TSBP : 1a mot nira truc 4o phan duong

2.Tslogarith : 13 mot duong c6 do doc + 20 db c¢6 bién d6 bang k db kh tan sb bang 1 dec.
bac tinh pha luén vuot trudc mot goc +pi/2

3.Ham qua d¢ 1a ham dirac

4.Ham trong luong cting la ham dirac

Vi du : trong thuc té tu dién, vdi tin hi€u vao la dién ap dat vao ty, tin hi¢u ra la dong dién nap, thi
tu dién la mdt khau vi phan.
Khau vi phan c6 cac dac tinh dong hoc nhu sau :

Myquist Diagram EBode Diagram

m
S

m
S o

Imaginary Axis
o ow
205 (degyMadnitade (GE)

5 &
Phi

@ o o
@ o =
.m

=)
oo
af
@
=)
=)
o
=
o
=

requency (radisec)

.:DD.:
L O
2 o o o
L I O R

o
o

S S
G s :y—:ks:y—:y s =k=yt=kot
us 1/s
S S
G s :y—:ks:y—:y s =ks=>yt =
us 1

8. KHAU TRE

HTD: ws =e ™

1.Déc tinh TSBP : la mot duong tron tam géc toa do ban kinh 1a 1

2.Dic tinh TS logarith : 14 truc hoanh ¢ nghia bién d6 ra bang vao.

bic tinh pha ¢(w) =-wr

3.Ham qua do gidng khau khuyéch dai c6 k=1 bi tré mot khoang T
4.Ham trong lrong ciing giéng khau khuyéch dai c6 k=1 bi tré khoang T

Vi du : duong 6ng nudc, cac bing chuyén, cac hé thuy luc

Chokhducéham: S s =e

-1.5s

. St dung Matlab ta co6
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9. KHAU LEAD/LAG

e HTD:W s

_1+Ts

1+T.s
Néu T>Thn 14 khau lead (khau dan qua : wu tién cho tan sb cao di qua, cit tan thap)
Néu Ti<Tnm 1a khau lag (Khau cét bét : wu tién tan thip di qua, cit tin cao)

1.Dac tinh TSBP : 1a mot duong cong
2.Pic tinh TS logarith : néu 1a lead ving tan thip 0 db con ving cao 20 db goc léch pha
duong . Néu 14 lag thi ving thip 14 0 db con ving cao -20 db, goc 1éch pha 4m

3.Ham qua d6 xudt phat tir truc tung, tiép can voi 1

Imaginary Axis

Nyquist Diagram

Bode Diagram

Phase (deg)

Step Response

-0.5 o 0.5

Real Axis

Frequency (radisec)

Impulse Resporise

Arnplitude

o 045

1 15 2

Time (sec)

25 0 05 1 15
Time (sec)

2 25

e 4.Ham trong lwong, Néu 1a lead tir mot diém trén truc tung duong vé 0. néu 1a lag thi tir Am

vé khong

Vi du : trong diéu khién day 1 nhitng khau bu

Nyiquist Diagram Bode Dizgram

1 - & oo
' =
H o

o 05 : -0
k| : B

g A = &0

£ : 5 0
7 ' £

E 05 : o 20
| i

-1 &

-1 05 0 05 1 12 10° I
Real Axds Frequency (radisec)
Step Response Impulse Response

1 0.4

08 03
n ©
=] =]

2 05 402
& &

0.4 0.1

02 a

o g 10 a g 10

Time (sec)

Time (sec)

Imnaginary Axis

Amplitude

Wyquist Dizgram
10 »
3
o
-5
-10
E o & 10 18
Real Axis
Step Response
15

Time (sec)

Phase (deg)Magnitude (dE)

Armnplitade

Biode Diagram
40
20
a
a0
45
0= o
107 10 1o
Frequency (radisec)
Impulse Response
a
-20
-40
-60

05

Time (sec)
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2.3 PHAN TiCH HE THONG

2.3.1 Nhitng nhiém vu co ban ciia cong viéc phin tich hé thong

Khi d3 c6 mé hinh toan hoc, cong viéc tiép theo cia bai toan diéu khién 1a phai phén tich hé
théng dé rat ra duoc mot sd két luan co ban vé tinh chit, chét luong ddng hoc cua hé thong dé phuc vu
viéc thiét ké bd diéu khién. Bai toan phan tich hé thong c6 nhitng nhiém vu sau :

Hiéu biét vé tinh 6n dinh cta h¢ thong

Hiéu biét Ve chat lwong hé thong & ché do xéc lap trong m1en thoi g1an
Hiéu biét Ve chat luong hé thong & ché @6 xac lap trong mién tan s6
Hiéu biét vé chat lugng hé théng & ché do qua do.

Hiéu biét vé tinh bén virng

2.3.2 Xdc dinh tinh én dinh ciia HT tiv da thivc dic tinh

1.Cac khai niém

Khai niem vé tinh 6n dinh :

Tu vi dy Ve trang thai ctia 3 vién bi ¢ day hd (2), trén miat bang (1) va vién bi & giira doc (3) ta co
khai niém vé su on dinh caa hé thong nhu sau : h¢ dang ¢ trang thai can bang, bi mot kich thich tac dong,
vang ra khoi vi tri cn bang sau d6 né tu trd vé trang thai can bang ban dau khi mét kich thich thi ta ni hé
on dinh tai lan cin diém can bﬁng.

Hay n6i mot cach khac mot hé thdng 6n dinh néu QTQD tit dan theo thoi gian, khong on dinh néu
QTQD ting dan theo thoi gian, bién gidi on dinh néu QTQP khong ddi hodc dao dong khong tit dan

Trang thai cAn bing : 13 trang thai h¢ théng dimg yén néu khong co luc tac dong nao khac 1én n6

Pa thirc dic tinh : da thirc duéi mAu ciia ham truyén dat, dic trung cho tinh chit dong hoc ciia hé
nén no dugc goi la da thic dac tinh

Phwong trinh dic trung : 1 da thirc dic trung c6 vé phai bang khong

2. Diéu kién :

Dleu kién h¢ 6n dinh thé hién & sy phan bd nghiém cua phuong trinh déc trung trén mat phang
nghiém sb : Neu tat ca cac nghiém ctia phuong trinh dic trung déu nam bén trai mit phang phurc thi h¢ 6n
dinh. Tuc la tat ca phan thuc ciia nghiém phai am. Néu co it nhat 1 nghiém c6 phan thuc duong thi hé
khong 6 6n dinh, néu it nhat c6 mot nghiém co phan thue bang khong thi h¢ ¢ bién gi6i on dinh

On dinh BIBO : mot hé thong duoc goi 1a 6n dinh néu khi kich thich hé bang tin hi¢u vao u(t) bi
chdn & dau vao thi hé co dap tng dau ra cling bi chan goi 1a 6 6n dinh BIBO (bound inputs-bound outputs)

Tir ddy ngudi ta dua ra cac tiéu chuan dé xét on dinh ciia hé

3.Tiéu chuin Routh :

As =a,+a5 +a,5°+a;s°...+4a,s"

a‘O a'2 4 aZ n
al a3 a‘5 a2 n+l
bO b2 b4 b2 n
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aO a2
bo__a1 a, ;bzz_ai as| |
& Y by,

e +lap bang routh
o +xét ddu cOt mot cua bang routh néu duong ca thi hé on dinh
e +Tiéu chuan routh ngoai ding dé xét hé c6 On dinh hay khong ta con xét d on dinh phu
thudc tham s6 nhu thé nao
Vidu: 2,50 trang 125 : A(S) =5+16s+18s” +8s> +s*

5 18 1
16 8
15,5 1
6,97

1

Dua vao cOt thir nhat cua bang ta két luan hé 6n dinh
2k s+4
2s* +58° +4s* + 2k +4 s+8k
Str dung tiéu chuin Routh x4c dinh giéi han ctia k dé hé 6n dinh
Pa thuc dic trung : 2s* +5s° +4s* + 2k +4 s+8k

Vidu :2.53 cho hé co ham truyéndat : G s =

Lap bang Routh :
8k 4 2
2k+4 5
(16-32K)/(2k+4) 2
(k"2+24k-6)/(4k-2)

k>0

k<0.5

k<0.247 suy ra 0<k<0.247

4.Tiéu chuin Hurwitz :
Cho DTDT A(s)=ag + a;s + ... + a,s"
Diéu kién can va du dé hé on dinh 13 hé sb ap va dinh thc HURWITZ : H (nxn) cia DTDT phai
duong
Algorithm :
e +lap matran H
e +Tinh dinh thirc Di=det(H;)

a'1 a3
a‘0 a‘2 a4
al 3 5
2 4 6
3 5

e Xét dau : néu D; >0 thi hé 6n dinh
e Néu c6 it nhat mot D <O thi hé khong on dinh
Ung dung : xét hé c6 6n dinh hay khong , tim anh hudng cta tham sé dbi v6i tinh 6n dinh cia hé va
thong thuong chi ap dung véi hé bac 3
Vi du : 2.54 trang 128 : cho da thirc ddc tinh : A s =0.5+s+2s”+3s’. Su dung tiéu chuén
Hurwitz xét hé ¢6 6n dinh hay khong.

1 30
1 3
e LipdinhthucH: H={05 2 0|=>H,=LH,= yHy=H.
1 2 05 2 3
0 1 3 '

e Tinhdinhthuctacé D, =1 D, =0.5D, =1.5;
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e K&t luan 1a hé 6n dinh

Vidu2.56:choh¢ G s = L —— s dung tiéu chuan Hurwith x4c dinh k dé hé 6n dinh
3+2s+ k+2 s“+ks

Xac dinh da thte dic tinh : 3+2s+ k+2 s? +ks®

2 k O
Lapmatran: 3 k+2 O
0 2 k

Det(H2)=4-k>0 suy ra k<4
Det(h3)=k(4-k)
Két luan 0<k<4

5.Tiéu chuan hinh hoc : tiéu chuan Michailov

Tiéu chuan nay dwa vao da thirc ddc tinh A(s)=a, S-S, S-S, .. S—S, Vv6i s, 1a nghiém cia da
thirc dic tinh . Thay s= jo vao biéu thire ta duge
A jo =a, jo-s, jo-S, .. jo-S, =p o +]Q o

Tiéu chuin phat biéu nhu sau : Hé s& 6n dinh néu duong cong A jo bao quanh géc toa do mot
, nhr . X 2o ~ A N
goc > khi tan s6 thay doi tir 0 dén vo cung

Vi du 2.58 trang 132 : cho da thirc ddc tinh A s =2+3s5+3s” +s°. Sir dung tiéu chua Michailov
xét hé ¢6 6n dinh hay khong.
Trdathiictacod: A jo =(2-30")+IBw—w’) va duong cong Michailov duoc v& nhu sau :

Im A(Jw)

»

/ ReA Jo

Nhin vao dudng cong ta thdy hé 6n dinh.
+Bai tap 30 trang 225 A s =5’ +s* +20s® +10s” + 64s +9

Thay s= jo taco: A jo =(o'-100>+9)+ | 640 —200° +°
As =s°+s°+5+6

A jo =6-0°)+ jo 1-0°

v

S

2.3.3 Phdn tich chit luong hé théng kin tic ham truyén dat hé hé

1.Khai niém
e Ham truyén dat h¢ ho : 1a ham truyén dat cia hé dieu khién hd
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e Ham truyén dat kin : 1 ham truyén dat ciia hé diéu khién phan hoi thuc, diéu khién phan hdi
cO diéu khién va diéu khién thuc

2.Phén tich chit lwgng hé kin tir dwong cong nyquist ciia hé hé
A.Phén tich d9 on dinh
Xét h¢ thong phan hoi am :

Sain Fla.nk
- K G(s) >

Trong d6 K 1a h¢ s khuyéch dai by diéu khién (c6 thé thay doi dugce) va G(s) la ham truyén dat cia doi
tuong di€u khién.

Tiéu chuan Nyquist phat biéu nhu sau :
1)Néu Hé ho 6n dinh, hé kin on dinh khi duong cong Nyquist khong bao diém (-1 jO)

2)Né'uqhé hé ¢6 N nghiém c6 phan thyc duong (khong 6n dinh), hé kin 6n dinh khi dudng cong Nyquist
bao dieém (-1j0) N/2 vong kin

Ta c6 thé sir dung duong cong Nyquist dé tim pham vi thay d6i hé s6 khuyéch dai ma hé kin van on dinh.

Truong hop hé hd 6n dinh ta xét hé kin c6 hdi tiép am s& 6n dinh khi va chi khi DPTTSBP cta hé ho
khong di qua va khong bao diém -1 +0j khi tan so thay doi tir 0 dén VC. Tu day ta c6 quy tac ban tay trai

e Khi h¢ h¢ 6n dinh, h¢ kin 6n dinh khi va chi khi diém -1 +0j ludn ndm bén trai DTTSBP
cua hé hd theo chiéu tang cua tan s6 tur 0 dén VC

B.Xac dinh d§ du trir bién do (Gain Margin)

Do du trit bién do (gain margin) dugc dinh nghia 13 sy thay ddi hé s6 khuyéch dai hé ho dén gia tri ti han
1am hé thdng kin khong 6n dinh. Hé thdng c6 do dir trir 10n thi kha ning thay d6i cac tham sé cang 16n
trude khi hé mit 6n. Diéu d6 c6 nghia bién d6 khuyéch dai dong nhit véi khuyéeh dai tai tan sb bang
khong trong db.

D¢ du trir pha (phase margin) dugc dinh nghia nhu su thay dbi pha ctua hé ho dén luc hé kin mit 6n dinh.
Do du trit pha ciing do dugc thoi gian tré ciia hé thdng (time delay). Néu thoi gian tré cua hé thong 16n
hon 180Wpc (Wpc 1a tin s ma pha dat 180 d6) thi hé kin s& khong on dinh. Néu thoi gian tré nhanh hon
pha thi hé s6 khuyéch dai khong bi anh hudng. Con thoi gian tré ¢ gid tri bang 1 thi pha bang W*Td
(rad/s)

Ching ta xac dinh dugc d6 du trit bién do tir hé ho tir viée xac dinh diém ma pha =180 do, thoi diém hé

thong mét on dinh.

Gain Difference
Before CL Instability

-2 -1

Imag Axis
o]

Hea?ﬂxis
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Goi a la khoang cach tir diém ma pha bang 180 do dén -1 thi

G(jWgm) = -1/a => a*G(jw) = -1 tir d6 ta c6

Do du trit bién 46 GM = 20*log10(a) [dB]

Ta sé tim dwoc d9 du trir 6n dinh bién dd tir hé hé néu ta xac dinh chinh xac thoi diém hé thong dao
pha, dé xac dinh khoang cach a.

e 1)Xéc dinh tan s6 w, tai d6 hé thong dao pha (phan ao bang khong) : Wo
¢ 2)Str dung Iénh polyval(tf; Wo) udc luong gla tri da thirc tai Wo do6 chinh la gia tri 1/a. a chinh la
hé s khuyéch dai ma hé thong s& & bién gii 6n dinh.
e 3)Xac dinh d¢ dy trir bién do theo cong thirc GM = 20*log10(a) [dB]
Vi du ta tinh a =4.6, st dung Matlab ta thiy dudng Nyquist ctia hé ho di qua -1

a=4.6

nyquist(a*50,[1 9 30 40])

—_—
T

Imag Axis

- -1s He&ﬂ Ais 0.5 0

C. Phase Margin

Do du trit pha duoc xac dinh tai tan sé ma duong tron don vi cit dudng cong nyquist nhu hinh vé

D.Két luén

—_
T

Imag Axis
o]

|
—
T

F{ea?ﬂxis

Tt duong cong Nyquist ta co thé biét duoc hé 1a hé co khau khuyech dai néu tai tan s6 =0,
duong cong xudt phat tir mot diém trén truc thuc d6 chinh 1a hé sé khuyéch dai, hé c6 bac vo
sai tinh bang 0
Néu duong cong xuét phat tai gbc toa do véi tan sd bang 0 thi hé co bac vo sai tinh <0 va la
hé c6 khéu vi phan
Néu duong cong xudt phat tir VC tai tan s6 =0 thi hé c6 bac vo sai tinh >0 va 1a khau tich
phan.
Tai mot diém bét ky trén duong cong cho ta biét rang tin hiéu ra c6 bién do va goc léch pha
nhu thé ndo véi tin hiéu vao tng véi tan sb tai diém d6.(hé ho)
Néu ta dung dudng tron don vi, ta s& biét dugc hé kin co on dinh hay khong, do du trit 6n
dinh vé bién d¢ ciing nhu vé pha.
Néu duong cong cit duong tron don vi tai C mot diém duy nhét thi hé kin 6n dinh khi géc
cat nho hon pi
Do du trit 6n dinh vé& bién d6 : néu dudng cong cit truc hoanh tai B thi do duy trit 6n dinh
bién dd duoc tinh 1a 1/0B
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e Do duy trir 6n dinh pha : néu dung cong cit duong tron don vi tai C thi dugc tinh 1a goc
ReOC
Lénh
3.Phan tich chit lwgng h¢ kin tir dd thi bode h¢ hé
Do thi Bode thé hién bién do va pha cia ham G(j*w) (trong d6 véc to w chi nhan gia tri duong). Dé vé
d6 thi ta dung Iénh bode , vi du : cho ham

N3+9s"2+30s+40

bode(50,[1 9 30 40])
Ta duogc

- i
10 10 0
Frequency (rad}seci

Chu y truc tan s6 theo ty 1€ xich lg, truc pha la do va truc bién do la decibel (db). Decibel dugc dinh
nghia la 20*log10 ( |G(G*w]| )

Do du trir pha la su sai khac pha gitra duong cong pha va duong -180 do tai tan sb Wge (Wge la tan sb
ma tai d6 hé sb khuyéch dai bang 0db) va yéu cau dudng cong bién d6 phai vurot qua tan sé Wegc.

Tuong tu nhu vy, d6 du trir bién do la sy sai khac gitra duong cong bién d6 va duong 0db tai tan s6 Wpc
(Wpc 1a tan s6 ma pha bang -180 do) va duong cong pha phai vuot qua tan s6 Wpc nhu hinh v& :

1ee Do 5
o0l |
. Frequency (pales)
g b L ::::::;1 1:—[:IE

10 o]
Freauency frad}secﬁ
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Nguyén tic kiém tra 6n dinh ciia hé theo dwong cong bode nhuwr sau :
e Xaydungdactinh L @ va ¢ o

e NéuDTBD nam trén truc hoanh thi hé c6 bién do >1
e Diém cit cia DTTSBP véi dudng tron don vi 1a giao ciia DPTBD véi truc hoanh
e Goc tai tan sb cit 1a tung do ciia ¢ o tai tan sd cat
Heé kin s& 6n dinh néu goc ciia tan sb cit nam trén duong —pi
Sw dung cac Iénh Matlab va va ta biét chat lrong ctia hé théng nhu sau :
e Du trit bién do( Gm) : gia tri dao cua bién do tai tin s6 GMF
Tan s6 GMF (Wcg) : 14 tan s6 tai d6 d0 thi pha cit dudng —pi
Dy trit pha (Pm) : 13 gbc tir vi tri tin s6 PMF toi —pi
Tan s6 PMF(Wcp) : 14 tan s6 ma dudng bién do cat duong 0db
Ngoai ra ta con ¢6 thé biét duoc chi tiéu chét lugng hé kin :
Cong hudng dinh Mp : gia tri 1on nhat ciia DPTTS (1.1-1.5) va tan s6 cong hudng
Giai thong : 14 tan s6 ma bién do giam 3db so véi bién d6 tan s6 bang 0

Chung ta c6 thé xac dinh truc tiép do duy trit vé bién d6 va pha bang 1énh Matlab sau :

margin(50,[1 9 30 40])

Gm=13.26 dB, (w= 5477) Pm=1007 degl[ 848)
100 e

Zain dB
[ ]

—100 A A A

0 — S T T

|
— |
i ]
oo o]
T T

Fhase deq

| |
[N ] [
[
o] Lo
T

1
0 10
Ilrequency (radisec)

2. Giai thong (bandwidth frequency)

Giai théng duoc dinh nghia 14 tan s6 ma tai d6 bién do dap mg ra cua hé kin bang -3 db. Boi vay khi
chiing ta thiét ké bang dap ung tan sd, ta c6 thé du doan dwgc hanh vi h¢ kin thong qua dap ung cia hé
ho. Bé minh hoa sy quan trong cia Wbw (bandwidth frequency), chiing ta xem tin hi¢u ra thay d6i nhur
thé nao véi cac tan sd vao khac nhau.
w=0.3;
num = 1;
den=J10517;
t=0:0.1:100;
u = sin(w*t);
[y.x] = Isim(num,den,u,t);
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plot(t,y,t,u)
w([SO,lOO,'Z,Z])

>
4] M
50 60 70 30 a0 100

Tin hi¢u ra (mau xanh) bam rat tot tin hi€u vao (mau tim). Béi vay, n€u tin hi€u vao c6 tan so lon giai
thong, thi tin hi¢u ra bi suy giam va méo :

w=3;

num=1;

den=[10511;
t=0:0.1:100;

u = sin(w*t);

[y,x] = Isim(num,den,u,t);
plot(t,y,t,u)

axis([90, 100, -1, 1])

1

40 42 Gd a6 43 100

Tin hiéu ra bang 1/10 tin hiéu vao nhu du doan va pha gan nhu nguoc

4.Panh gia chit lwong hé thong & ché dd xac 1ap (Steady-State Error)

Sai s6 & trang thai xac 1ap Es; duoc dinh nghia 1a su khac nhau gitra tin hiéu vao va ra ctia hé thong &
trang thai 6n dinh khi thoi gian tién ra vo cung (tic 1a dap tng cua hé dat trang thai xac 1ap). Saisd &
trang thai xac 1ap phu thudc vao dang tin hi¢u dau vao (bac thang, déc, hay dang khéc) cling nhu dang hé
théng bac khong, bac 1 hay bac hai.

Chu y : viéc phan tich sai sd & trang thai xac 1ap chi c6 tac dung dbi véi hé théng 6n dinh. Ta phai kiém
tra h¢ thong c6 6n dinh hay khong mdi phan tich sai s6 ¢ trang thai xac lap

A.Cong thirc tinh sai s6 ¢ trang thai xac lap

Trude khi noi toi quan hé gitra sai sO O trang thai x4c 1ap va dang hé théng, chung ta bo qua sai sé cua
dang hé thong hay tin hi¢u dau vao. Chiing ta bat dau tir cong thirc duge st dung phén tich sai sO O trang
thai xdc 1ap . sai s6 ¢ trang thai xac lap co thé duoc tinh toan tir tir ham truyén dat ctia hé hé hoic kin véi
phan hdi bang 1, nhu so d6 sau :

R({s), _ E=

4?— G(s) »C(5)

Hé théng c6 thé bién ddi twong duong
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R(s)
— T(5) —=C(3)

Chiing ta c6 thé tinh toan sai s6 ¢ trang thai xac 1ap nhd sir dung dinh 1y gia tri cudi ( dinh ly chi ing dung

cho mau sb khong c6 cuc & bén phai mit phing phirc). :

o fig SFS)
el j_lsﬂ1+a?(sj

e(es)=liny sR(s)[l—T(s)]
B.Sai 50 xac 1ap phu thudc dang tin hiéu vao
Vi cac dang tin hi¢u dau vao khac nhau ta co cong thue tinh :
o Step Input R(t)=1(t) (R(s) = 1/s):
_ 1 _ 1
1+ 1)1_1}1& Gisy 1+ K

£

£{w)

=K, =lim Gs)

e Ramp Input R(t)=t ; (R(S) = 1/s"2):

1
B lim sG(s)

£{w)

1
— =K =limsGis)
Kn’ =0

e Parabolic Input R(t)=t"2/2 (R(s) = 1/s"3):

1
= i cE o
lﬂs (5}

£{w)

1
— =K, =lims*G(s)
Kﬂ ]

Khi thiét ké bd diéu khién, chung ta thudng mudn bu (compensate) dbi voi nhidu hé théng. So dd hé
thong c6 nhicu :

D(s)
R(s), Efs) | Controller l Plant
"'%) Ge(s) [ a9 »C(3)
1
g(mj:
lim

+1im & (5)
Ta c6 thé xac dinh sai s0 ¢ trang thai xac 1ap doi voi nhiéu bude nhay : =0 G(s)

V6i hé thong c¢6 phan hoi :

R{s), _ =

G(s) wC(5)

H(s)

Chuyén d6i mot chit ta c6
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R(5)
—-

+ . Eal
< (5)

Gis)

»C(5)
1+G(s1H(s) - G(s)

C.Dang hé thong va sai s6 ¢ trang thai xac lap

Neéu ta tham khao cong thirc tinh sai s0 ¢ trang thai xac 1ap cua hé phan hoi bang 1, ta s€ xac dinh dugc hé
s0 sai s0. H¢ s0 nay la Kp, sai so vi tri, Kv sai s0 toc d6 va Ka la sai sO gia toc. Bi€t gia tri cia cac hé so,
ta biet dugc dang hé thong va du doan h¢ thong co tieén tdi sai sO ¢ trang thai xac 1ap hay khong. Ta c6 hé

thong nhu hinh vé&

Kis+2q)(s+2z)..

» C(s)

sMis+pyils+pz). ..

Saisd & trang thai xac 1ap theo dang hé théng va tin hi¢u vao duogc tinh nhu bang :

‘ Type 0 systems

Ramp Input |Parabolic Input

‘ Step Input

Steady State Error Formula| 1/(1+Kp) | 1/Kv | 1/Ka
\Static Error Constant \Kp = constant \ Kv=0 \ Ka=0
\Error \ 1/(1+Kp) \ infinity \ infinity

| Typelsystems

\ Step Input \ Ramp Input \Parabolic Input

Steady State Error Formula| 1/(1+Kp) | 1/Kv | 1/Ka
\Static Error Constant \Kp = infinity \Kv = constant \ Ka=0
\Error \ 0 \ 1/Kv \ infinity

\ Type 2 systems \ Step Input \ Ramp Input

Parabolic Input

Steady State Error Formula| 1/(1+Kp) | 1/Kv | 1/Ka
'Static Error Constant Kp = infinity |Kv = infinity | Ka = constant
Error | 0 | 0 | 1/Ka

D.Sir dung Matlab tinh sai s6 ¢ trang thai xac Iap
1)Type 0 systems

Chiing ta c¢6 hé thong :
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R(s
”*_ =) G(5) » C(5)

Trong do G(s): 1

(s+2)(s+3)

Step Input

num=1;

den = conv([1 2],[1 3]);
[clnum,clden] = cloop(num,den);
step(clnum,clden)

axis([0,3,0,1.1])
Input—green, Cutput—yellow

Amplitude
o
o

1
Time (secs)
Sai sb ¢ trang thai xac lap 1a khong doi

Ramp Input

num =1,

den = conv([1 2],[1 3]);
[cInum,clden] = cloop(num,den);
t = 0:0.1:200;

u=t;

[y,x] = Isim(clnum,clden,u,t);
M(t,y,t,U)

xlabel('Time(secs)")
ylabel('Amplitude’)

title('Input-purple, Output-yellow")
Input—purple, Cutput—yellow
200 ; ; ;

Lo
o

Amplitude

0 ; . .
0 a0 100 150
Time?secsj

Theo thoi gian sai sb ¢ trang thai xac 1ap tién ra vo cing.

200
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Parabolic Input

num = 1;
den = conv([1 2],[1 3]);
[clnum,clden] = cloop(num,den);
t=0:0.1:200;
u = 0.5%t.*t;
[y.x] = Isim(clnum,clden,u,t);
plot(t,y,t,u)
xlabel('Time(secs)")
ylabel("Amplitude’)
title('Input-purple, Output-yellow")
, w 10t INput—purple, Output-yellow

Amplitude

0

0 a0 , ? 150 200
Timelsecs)
Theo thoi gian sai s6 & trang thai xéc 1ap tién ra vo cling.

2)Type 1 Systems Examples
Ta c6 hé thong :

R
_._{{5]?)_5(5) G(5) » C(5)

Trong d6 G(s) is: 1

Step Input
num =1,
den = conv([1 2],[1 3]);
den = conv(den,[1 0]);
[cInum,clden] = cloop(num,den);

step(clnum,clden)
Input—green, Qutput—yellow

=
in

Amplitude

0 1inme fsecsigﬂ 50

Sai s0 ¢ trang thai xac 1ap tién tdi z€ r6.
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Ramp Input

num = 1;

den = conv([1 2],[1 3]);

den = conv(den,[1 0]);

[clnum,clden] = cloop(num,den);

t=0:0.1:100;

u=t;

[y.x] = Isim(clnum,clden,u,t);

plot(t,y.t,u)

xlabel('Time(secs)")

ylabel('Amplitude’)

title('Input-purple, Output-yellow")

Input—purple, Cutput—yellow

100 . . . .

n
Lo

Amplitude

0 20 0 6 80 100
imel secs

Sai sb & trang thai xac 1ap khong doi.
Parabolic Input

num =1,

den = conv([1 2],[1 3]);

den = conv(den,[1 0]);

[cInum,clden] = cloop(num,den);

t =0:0.1:150;

u = 0.5*t.*t;

[y,x] = Isim(clnum,clden,u,t);

plot(t,y,t,u)

xlabel('Time(secs)")

ylabel('Amplitude’)

title('Input-purple, Output-yellow")
Input—purple, Cutput—yellow

15000 . .

10000+

000+

0 50 100 150
Time(secs)

Theo thoi gian sai s ¢ trang thai xac 1ap tién ra vo cung.

3)Type 2 Systems
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Ta c6 hé thong

R({s), _ E=

4?— G(s) »C(5)

(s+1)(s+3)

sh2(s+2)(s+3)
chu y : hé thong cé tir so khac nhau dé ta ¢6 mot hé thong on dinh. Chir khong quyét dinh téi bac
cuia hé thong

Trong do G(s) is:

Step Input

num = conv([1 1],[1 3]);

den = conv([1 2],[1 3]);

den = conv(den,[1 0]);

den = conv(den,[1 0]);
[cInum,clden] = cloop(num,den);

step(clnum,clden)
Input—green, Qutput—yellow

[

—

Amplitude

o}

0 30 40 50
ime (secs)

o]
—

Sai s6 O trang thai xac 1ap bang khong.
Ramp Input

num = conv([1 1],[1 3)]);

den = conv([1 2],[1 3]);

den = conv(den,[1 0]);

den = conv(den,[1 0]);
[cInum,clden] = cloop(num,den);
t =0:0.1:50;

u=t;

[y,x] = Isim(clnum,clden,u,t);
plot(t,y,t,u)

xlabel("Time(secs)")
ylabel('Amplitude’)
title('Input-purple, Output-yellow')
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Input—purple, Cutput—yellow

IS >
Lo o

]
o]

Amplitude

0 10 0 3 40 50
iImel secs

Sai s6 & trang thai xac lap bang khong.
Parabolic Input

num = conv([1 1],[1 3]);

den = conv([1 2],[1 3]);

den = conv(den,[1 0]);

den = conv(den,[1 0]);
[cInum,clden] = cloop(num,den);
t=0:0.1:20;

u = 0.5%t.*t;

[y.x] = Isim(clnum,clden,u,t);
plot(t,y,t,u)
xlabel('Time(secs)")
ylabel('Amplitude’)

title('Input-purple, Output-yellow")
Input—purple, Cutput—yellow

200
I
0
=
£ 100}
=
=T
%) 5 10 15 20
Time(secs)

Sai s6 & trang thai xac 1ap khong ddi, dé nhin rd, ta thay dbi ty 1€ xich ta co :

axis([10,14,50,100])

Input—purple, Cutput—yellow
100 . . .

g0}

Amplitude

B0t

10 11 12 13 14
Timelsecs)

. 2 . N b,s m+..+b_.s+b : ; )
Néu ta bién d6i HTD vé dang : G(s)zhr o M1~ " thi k 1a hé so khuyéch dai , r 1a
s a,s" +..+a _S+a,

thanh phﬁn tich phan goi la bac v sai tinh ctia h¢. Sai lé€ch tinh cua h¢ phu thude vao dang tin hi¢u vao va
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bac vo sai nhu sau : kp,kv,ka cac hé sé khuyéch dai ing vé6i cac tin hiéu 1(t), t va t°/2 thita c6 bang téng
ket sai sO ¢ trang thai xac lap phu thudc vao dang tin hi¢u vao va dang h¢ thong nhu sau :

r=0 r=1 r=2
x(t)=1(t) 1/(1+kp) 0 0
X(t)=t VC 1/kv 0
X(t)=t*/2 Ve Ve 1/ka

5.Panh gia chat lwong hé ¢ qua trinh qua do o
Qua trinh qua d§ 1a giai doan h¢ thong dang chuyén doi tir trang thai cli xang mot trang thai moi

mong muon.

Ché @) xac lap 1a ché d6 ma hé théng da dat dugc trang thai méi mong mudn.
Thong so (chi ti€u) cua qué trinh qua d§ dugc the hién rd nét qua hai déc tinh : ham qua d¢ h(t) va
ham trong lwgng g(t). Dua vao hai dic tinh nay ta tim cac chi ti€u chat lugng nhu :

e -Thoi gian gitr cham Ty :

diém hé thong dat 50% gia tri trang thai moi mong mudn
duoc dinh nghia Ia tir thoi diém hé thong dat 10% dén thoi diém hé
thong dat 90% gié trj trang thai mdi mong mudn.

e -Thoi gian tang T; :

e -P0 qua diéu chinh denta 5% = L

—h, —X_——=100%

o0

duoc dinh nghia 1a tir thot dlem hé thong bi kich thich dén thoi

e -Thoi gian qua d6 Ts : duoc dinh nghia 13 tir thoi diém hé théng nim trong khoang + 5% gia

tri xac lap

e -Va hé thong khi bi xung no tré vé trang thai dau hay khong.

Amplitude

Step Response
T

+5%

| Td

Tz

il : I [ H

5%

0 o2 04 06

Time (sec)

o0&

Nhu vay ta phai v& dugc hai déc tinh trén dé tinh céac tham sd. Su dung cac 1énh trong Matlab :

Viée xac dinh thong s6 cua qué trinh qua d6 chil yéu ta phai dua vao ham h(t). Trong mot vai
truong hop ta c6 thé xac dinh dugce nhu sau :

e 1)Dbi voi hé dao dongbac2codang: G s =

duoc

K

1+2TDs+ Ts

;0 <D <1 ta co thé xac dinh
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T ~ ~7 /20 31

D D

=

. Ah = ke\ V=07
Tmax= ﬂT

1-D?

2)Déi v6i hé kin c6 ham hé ho dang :

G, s =RsSs =L;T1,T2>O
o Ts 1+T,
va..T, < 4T,

Thi hé kin trén 14 hé dao dong bac hai va cac thong sb xac dinh nhu sau :

il 1)
20 3T

T, ~T—=~—=6T,
D D
° 3)D6i vo1 h¢ kin ¢ ham hé hé dang :
e G, s=RsSs =2T+S;T1<T2
Ts ~ 1+T,s

O biéu d6 Bode cuia hé ho ta ¢ tan so cit (tai tan s6 nay do khuyéch dai 1a 0db) T, = @_. Do qué

trinh qua do chi xuat hién & ving tan s6 cao nén ta c6 thé xap xi mé hinh vé dang :
k
G, s =RsSs=——7-"-T,<T, <4T,
T.s 1+T,5
Tham sb qua trinh quéa do dugc xac dinh nhu sau :
Tl

ah—tel o)

T -7 3T gy,
D D
, A s AT 10
Vidu1l:chohé kinco hamhého: G, s =
0.2s+1

Str dung Iénh Matlab ta c0 :
sys=10/((0.1*s)"2+2*0.1*0.5*s+1)
Transfer function:
10

0.01s"2+0.1s+1
>> step(sys)
>> step(sys)
>> sys=(10/(0.2*s+1))/(1+10/(0.2*s+1))
Transfer function:

2s+10
0.04s"2+24s+11
>> step(sys)
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Amplitude

o 002 004 006 003 0.1 ERE]
Time (sec)

Nhin vao déap tmg ta thay Td=0.01s; Ts=0.05s va khong c6 qua diéu chinh
Vi du 2 : Transfer function:

0.25s"2+0.5s+1
step(sys)

Step Response
T

Amplitude

0

Time (sech
Thong s cua qua trinh qua do : Td=0.8s; Ts=3s va qua diéu chinh 1 15%.
6. Chi tiéu chat lwrgng hén hop : sai léch bam , ,
. bay la chi ti€u phan anh sai léch di€u khién khong nhitng ¢ ché d6 xac lap ma ca ¢ ché do qua do.
dong thoi nd cling phan anh nang lugng dicu khién. sai 1éch e(t)=1(t)-h(t)

)"

1.Néu ham h(t) khong c¢6 quéa didu chinh thi ta dung chi tiéu Jo = je(t)dt — min ung voi sai 1éch
0

tinh va thoi gian qué do nho nhat.
2.Néu ham h(t) c6 qua di€u chinh thi ta dung ti€u chuan tich phan tri tuyét doi cua sai léch IAE

j = _ﬂe(t)|dt —> cuctieu : J1 dat cuc tiéu khi thoi gian qua do, d6 qua didu chinh, sai 1éch tinh 14 be nhat
0
vC
3.Chi tiéu tich phan binh phuong sai léch ISE : j, = 'fez (t)dt : tiéu chuan nay thuong dung ddi véi
0
h¢ thich nghi
4.ngoai ra ta con co cac chi ti€u khac
JITAE : j, = [tle(t)[dt
0

AITSE - j, = [te*(t)dt
0

2.3.4 Quan hé giita chit lwong hé thong véi vi tri diém cuwe diém khong ciia HTD

1.Mét s6 két luin chung
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Néu mot h¢ SISO dugc mo ta dudi dang mé hinh ZPK thi ta c6 thé ¢co mot s6 két ludn chung nhu

Sau :

Néu tét ca cac diém cuc ndm bén trai truc do thi hé 6n dinh

Cac diém cuc cang xa truc 4o vé bén trai thi qua trinh qué d cuia hé cang ngan tic tinh quan
tinh cta hé nho

Néu c6 mot diém khong nam trén truc thuc thi qua trinh qua do c6 dang dao dong, diém cuc
cang xa tryc thyc thi tan s6 dao dong cang 16n

Néu c6 mot diém cyc 1a gbc toa do thi hé chira thanh phan tich phan va do d6 tin hiéu ra
ludn thay d6i khi tin hiéu vao con khac khong

Hé c6 diém khong 1a gbc toa do thi hé mang hanh vi vi phan. hé nay phan tng rat nhanh voi
su thay ddi cta tin hiéu vao

Néu G(s) 1a ham hop thirc khong chat (n=m) thi h(t) khong xuat phat tir gbc toa do

Néu G(s) 1a ham hop thirc chit (n>m) thi h(t) xuat phat tir gbc toa do

Cin ctr vao cac diém cuc, diém khong ta co thé biét duoc hé c¢6 ton tai qua diéu chinh hay
khﬁng, khau thong tan hay hé pha cuc tiéu.

2.Phan tich bang phuong phap quy dao nghiém s0

Ta thay rang muc do 6n dinh va dic tinh qua do cua mot hé kin lién quan tryc tiép dén vi tri phan bd
nghiém cua phuong trinh ddc trung. Khi ta thay dbi thong sd cua h¢ thi dan den vi tri nghi€m cling thay
do6i. Do vay muon c6 vi tri phan b6 nghiém thich hop, tirc mubn c6 mirc d6 6n dinh va dic tinh qua do
mong mudn thi ta phai thay doi thong sb ctia hé mot cach thich hop. Phuong phap quy dao nghiém sb
gitp chung ta diéu do.

Phwong phip quy dao nghiém sé 1a phuong phap phan tich chat lugng hé kin dua trén duong biéu
dién nghiém cta ham sai léch phan hoi hay miu ctia ham truyén datkin: F s =1+G, s =1+kS(s)

~ Nhung ¢ muc nay ta chi qua quy tich nghiém Qé xac dinh hé kin 6n dinh trong khoang nao cua tham
s0 bd di€u khién. Con phan thiét ké bd dieu khién bang phuong phdp quy dao nghi€ém so6 ta nghién ctru &

muc sau

+Ta xét mot hé ¢6 TF hé ho nhu sau : Go(s)=R(s)S(s)

v6i R(s)=KR’(s) : 1a HTD cua bd diéu khién véi K 1a tham s6 thay doi

Ta cO M6 hinh hé kin G(s)= R(8)S(s)/[1+ R(s)S(s)]

Va DTDT (ham sai léch phan h01) 1a F(s)= [1+ R(s)S(s)]. Tép hop cac diém nghiém cua PTDT la
qquy dao nghi¢m so. Ta c6 5 quy tac dé xdy dung quy dao nghiém s6 nhw sau :

1.QDNS c6 dang ddi xtng qua truc thuc

2QDNS c6 n nhanh. Cac nhanh nay déu bit dau tir diém cuc(p;i) ctia G khi K=0 s& c6 m
nhanh két thic tai diém khong(qi) ciia Go khi K=VC.

3.QBNS c6 n-m nhanh kéo ra VC khi K tién t6i VC

4. DNS ¢6 n-m nhanh kéo ra VC déu c6 duong tiém can. Cac dudng tiém can d6 cung cit
truc thue tai mot diém :

21 +1

(Z P, — Zqij va hgp v6i truc thuc mot goc  y, = I1
n

5.Giao diém cua QDNS voi truc 4o la nghiém cua tong cac phan thuc =0 va tong cic phan
40 bang 0 tir dy ta xac dinh dugc gioi han cia tham sé K

Cac 1énh Matlab duoc ‘su’ gh_mg lénh
Vidu : cho h¢ ¢6 so do cau truc nhu sau :

u
K 1 S > 7
) 10 s+4 ) ..
Véi S s = > , nhu vay ham sai 1éch phan hoi 1a :
S s°+6s+10 0.15s+1
10 s+4
S s =1+Kk =0. Str dung 1énh Matlab ta co

s s°+65+10 0.155+1
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sys=10*(s+4)/(s*(s"2+6*s+10)*(0.15*s+1)) Transfer function:
10s+40

015" +1.9s"3+755"2+10s

>> rlocus(sys)

>> rlocfind(sys)

Select a point in the graphics window

selected point = 0.0533 + 4.1460i

ans : k=2.2218

Foot Locus

Imaginary Axis
{==]

_15 1 1 1 i
0 -15 -10 5 0 5

Real Axis
~ Nhu vy k<2 thi h¢ On dinh. Va khi k thay doi ta cling dénh gia duoc ban chat dong hoc cta h¢ thay
do6i nhu the nao theo chi€u dich chuyén cua quy dao nghiém so.
2.3.5 Phén tich tinh bén virng (Sinh vién ty nghién ctru tai liéu)

2.4 THIET KE BQ PIEU KHIEN

2.4.1 Xdc dinh_tham sé cho bé diéu khién PID

1.PID la viét tit ciia Proportional-Integral-Derivative control
Phén nay s& gi6i thiéu dic tinh k§ thuat cta cac khau ty 16 (Proportional) P, khau tich phan (integral) I va
khau vi phdn (derivative) D. Ta c6 so d6 khoi hé théng nhu sau :

Controller———m  Plant -

Plant: ddi tuong diéu khién
Controller: bo dieu khién

Tir so d6 ta théy bién dau vao e 1a sai sd diéu khién, hiéu cua tin hiéu dit R va tin hiéu ra thuc té Y. Sai s6
e sé€ duogc dua té1 bo PID va bo diéu khién tinh toan ca tich phan va vi phan cuda tin hi€u sai s6. Tin hiéu ra
ctia bo didu khién u bao gdm Kp (hé s6 khuyéch dai ty 18) nhan v&i do 16n sai sé cong vi Ki (hé sb
khuyéch dai khau tich phan) nhan v&i tich phén sai sb cong véi Kd (hé¢ s6 khuyéch dai khau vi phan) voi
vi phan sai sb.

Tin hi€u u dugc gui téi diéu khién ddi tuong va nhan dugc tin hi€u ra mdi. Tin hi¢u ra méi nay
dugc phan hoi tré vé dé xac dinh sai s mai. bd PID st dung tin hi¢u sai s6 méi nay dé tinh toan ra tin
hi€u u. qué trinh cr tiép tuc. N61 mdt cach hinh tuong 1a mét tap thé hoan hao ¢6 3 ca tinh :

e -Phuc tung va thyc hién chinh xadc ménh I€nh dugc giao (P)
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e -Lam viéc va co tich luy kinh nghiém dé thuc hién t6t nhiém vu (I)
e -Ludn co sang kién va phan trmg nhanh nhay v&i sy thay doi tinh hudng trong qué trinh thyc
hién nhi¢m vu (D)
-Ham toan md ta bo diéu khién :

u(t) =k, e(t)+—_[e(r)d T, de(t)

Trong d6 u(t) 1a tin hiéu ra, e(t) la sai I¢ch dleu khién 1a tin hiéu vao, kp 1a h¢ s6 khuyéch dai va cac
hang s6 thoi gian tich phan va vi phan

-Néu sai léch e 16n thi tin hiéu ra 16n nhd by P

-Néu sai léch e nho bién doi cham trong thoi gian dai nho khau tich phan ma bd diéu khién van phat
hién ra

-Néu tbc do sai 1éch 16n thi bd vi phan s& phan Gng kip thoi chdng lai su thay d6i do.

-Ham truyén dat ctia bo diéu khién PID c6 thé duoc biéu dién dang sau :

R(s)=Kp(1+1/(Tis) +Tps)
Hoac

K +Ks+K

K
Kp"‘?l*KnS: .

e Kp =Proportional gain
e KI = Integral gain
¢ Kd = Derivative gain

Khau ty 18 (proportional) c6 tac dung lam giam thoi gian tang Tr (rise time) va sai sb & trang thai xac lap
(steady state error) (khong bao gio khir duoc sai s6). khau tich phan (integral) khir dugc sai s6 ¢ trang thai
xac lap nhung co thé 1am xau duong cong dap ing. Khau vi phén (derivative) c6 tac dung tang tinh on
dinh cua hé théng, giam qua diéu chinh va cai tién dang dudng cong dap tng.

-Nhiém vu ciia bai toan thiét ké 1a xac dinh cic tham sé ciia bd PID

2.Cac phwong phap xac dinh tham s6 ciia bd PID :

Bao gdm cac phuong phép sau :

Phuong phap Ziegler-Nichols

Phuong phap Chien-Hrones-Reswick

Phuong phap téng T ctia Kuhl

Phuong phap t6i wu d6 16n va tdi vu ddi xing

Phuong phép t6i wu theo d6 1éch bam

3.Phwong phap Ziegler-Nichols

Ziegler-Nichols dua ra hai phuong phap thuc nghiém xac dinh tham s6 bo PID :
A.Phuong phép thir nhit :

Pay 1a phuwong phap xac dinh tham s6 bd PID cho ddi tugng diéu khién 13 khau quan tinh bac nhat

N . ke—Ls
co tre ¢ ham truyen dat nhu sau : S(S) = :
o ] 1+Ts
Dé nam bat duwgc phuwong phap ta xét vi du sau :
‘. 3 .2 . x 10
Cho d6i tugng diéu khién 1a mot khau quan tinh bac nhat c6 tré G € - e
0.55+1

Xac dinh tham s6 bo PID theo phuong phap trén.

De giai quyet bai toan ta co the xac dinh cac thong s6 ciia ddi twong nhu hé sé khuyéch dai k=10,
hang s6 thoi gian tré 3s va hang s thoi gian quan tinh 0.5s tir mo hinh toén hodc kiém nghiém trén dic
tinh qua do cua no.

e S dung Matlab xay dung ham h(t) cta ddi tuong diéu khién :
h=tf([10],[0.5 1]) Transfer function:
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>> set(h,'lOdelay’,3)

>> h=tf(h)Transfer function:
10

exp(-3*s) * ---------

>> step(h)

Step Response
T

Amplitide

Time (Sec)

e Tirdo ta xac dinh tham s6 bo diéu khién theo céac gia tri trén

Néu R s =K thitk, = =k == =003

KL P 10*3

-Néu R s =k, 1+ 2 i 'k, _09T . 19,
T,S kL 3
-Néu R s =k, 1+i+TDs thi 1k, :E;TI =2L;T, _L
T,S kL 2
B.Phuong phap thtr 2 : )
Phuong phap nay khong sir dung mé hinh toan hoc cua doi tugng. N6 ¢6 ndi dung nhu sau :
-Thay bo PID bang bo khuyéch dai nhu so do

w(t) u(t) v(t)
» PLANT >

A~
A

t

-Téng h¢ ) khuyéch dai t&i gia tri téi han sao cho h¢ dat trang thai ¢ bién gidi on dinh
-Xac dinh gia tri Kk, ; T, tir day ta xac dinh tham s6 by PID nhu sau :

-Néu R s :kp;thi:kp:%km

-Néu R s =kp(1+isj;thi:kp =0.45k,,; T, =0.85k,,

NéuR s = kp(1+%+TDsj;thi 'k, =0.6k,;T, =0.5T,;T, =0.12T,
|

10 s+4

Vidu : cho hé co déitu’(_ngK:S s = -
s s°+6s5s+10 0.15s+1
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Str dung Matlab ta tinh dugc k,, = %04 =2.04 thi hé ¢ bién gidi on dinh :
Sys=20.4*(s+4)/(s*(s"2+6*s+10)*(0.15*s+1))
Transfer function:
20.4s+ 81.6
0.15sM +19s"3+75s"2+10s
>> sys1=sys/(1+sys)
Transfer function:
3.06 s"5 + 51 s + 308 s"3 + 816 "2 + 816 s
0.0225 s"8 + 0.57 s"7 + 5.86 5”6 + 34.56 s"5 + 145.3 s + 458 A3 + 916 52 + 816 S
>> step(sysl)

Step Response

ClTth |

Amplitude
T

oat |
L[ !
o4kl

o2H

0

] I I é 1ID 18
Time (sec)

Tt dap ung ta xac dinh dugc Tth=1.2s

Vayta co thé chon tham s bd PID theo céc cong thtrc trén.

4.Phwong phap Chien-Hrones-Reswick

Véi gia thiét ddi twong On dinh, ham h(t) khong c6 dao dong va hinh chir S. va phuong phap nay

. ;. k
thich hop véi cac doi tuong quan tinh bac cao ¢ HTD S s = ———— va thoa man b/a>3. phuong phéap
1+sT
duara 4 cach g{éc din}l tham s b iiiéu khién nhu sau : ‘
A.Y¢€u cau h¢ t6i vu theo nhiéu, hé kin khdng c6 qua diéu chinh
NéuR s =k ;thik, =2
10ak

NéwR s =k |14+-1 thi 1k :6—b;TI =4a
P TS P 10ak

-Néu R s =k, 1+i+TDs thizk, _ 1% T, :12—‘31;TD _2ha

T,S 20ak 5 50
B.Yéu ciu tdi vu theo nhiéu, hé kin c6 qué diéu chinh khoéng vuot qua 20%
b

10ak

-Néu R s =k;thi:k, =

-Néu R s =k, 1+ ;thi:kp:7—b;TI _23,
TS 10ak’ ' 10

-Néu R s =k, 1+i+TDs ;thizk, =6—b;TI =2a;T, _2la
TS 5ak 50
C.Yéu cau tdi vu theo tin hiéu dat trude, hé kin khong ¢b qué didu chinh
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NéuR s =k :thitk =0
P P 10ak

NéuR s =k, |1+ = |ithizk =2 .1, =
TS 208k’ ' 5

-Néu R s =k, 141 1Tos ;thi:kng—b;TI =bT, =a/2
TS 5ak

D.Yéu ciu tdi wu theo tin hiéu dat trudc, hé kin c6 qua diéu chinh khoéng vuot qua 20%

Néu R s =k :thick =2
P P 10ak
-Néu R s =k, 1+ L ;thi:kp=5—b;TI =b
) 6ak
-Néu R s =k, 1+i+TDs thizk, =&;TI =Zb;TD _Ar
T,S Oak 20 100
, e 12
Viduy cho h¢ c6 doituong S § =———
0.2s+1
Ta xac dinh ham h(t) cta di tuong :
sys=12/(1.2*s+1)"5
Transfer function:
12

2.488 s"5 +10.37sM +17.28 "3+ 1442 +6s+1
>> step(sys) )
Duya vao dép tng ta xac dinh tham so6 ctia PID theo cac cong thirc trén.

Step Response
T

Amplitude

Time (sec)
5.Phwong phap tong T ciia Kuhl ) .
-Phuong phdp nay 4p dung cho cac doéi tuong c6 ham truyén dat dang

1+4T's 1+Tys .. 1+Ts . .
Ss =k e, m<n vadeé h(t) co dang hinh chir S thi phai thoa man dicu
14T,"s 1+T,"s ... 1+T."s

kién dé hé khong c6 dao dong : T >T,; >..THvaT" >T," >..T" dong thoi T, <T,"; T, <T,";..T. <T.

, N z . _ _ ¢ m % t <\ r r _é \ r . A o A
Licnaytaco: A= kTZ _k[jZ_;Tj ;Ti +Tj tur do ta co TZ = va ta xac dinh tham so cua bo PID
theo T tong va k nhu sau :

Néu R s =kp[l+is}thi:kp :i;T' -2
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% 1 ey L2
-Néu R s _kp[lJr_I_l—S+T[,sj,th|.kp = T, = 3TZ To _0'167TZ
6.Phuwong phap toi wu d9 1om

SsRs

Cho hé thong nhu so dd 2.105 trang 181 cOHTP: G s =——— |
1+S s R s

ut
w(t) v(t)

t

Mong mudn dap ting ra ciia hé thong y(t) glong nhu tin hiéu vao w(t) tai moi diém tan s hodc it ra
trong thoi gian qua do y(t) cang bam w(t) cang tot. N6i mot cach khac néu bd didu khién R(s) mang lai

cho hé thong chét luong : ‘G jo ‘_1, VoIV thi goi la bo diéu khién t6i uu do 16m. Trong thyc té diéu
nay kho thoa méin nén chi can ‘G jo ‘ ~1; trong dai tan thap c6 do rong cang 16n cang tét, thi R(s) duoc
goi la bo diéu khién t5i wu d9 Ion. diéu d6 cé nghia: L @ =201g|G je |~ 0 trong mién tan s6 16n nhit.

Phuong phap nay chu yéu dya vao md hinh toan hoc cta ddi tuong diéu khién.
A.Dbi tuong diéu khién 13 khau quan tinh bac nhét :

HTb:S s = ¢6 bo didu khién tdi wu dd 16m :

Ts+1

-Néu R s =k, 1 ;thi:T—'=2kT
TS) Tk,

-Vi du cho S(s)=2/(1+0.6s) thi bo diéu khién t6i wu do 16m sé 1a

%1+ 0.65) Yoas

R(s)=1/(2.4s) vay ham truyén dat ciia hé théng s&1a G s = str dung
2
* %1+ 0.65s) %.43
Matlab ta c6 ham h(t) :
go.a booeees --------------------------------- =
o 2 4 TImeS[SEC) g o 12
B.diéu khién d6i twong quan tinh bac 2
k 3 .2 ‘.

HTb : S s = c6 bd dieu khién t6i wu d6 16n PI

1+Ts 1+T,s
Rs =Kk, 1+i ;thizk, =L;TI =T,
TS 2KT,
-Vidu cho S(s)= 3/((1+2s)(1+0.5s)) c6 b diéu khién 1a R(s)=0.67(1+1/25s)
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s€ c6 ham h(t) :

Step Response

Amplitude

Time (sec)
C.diéu khién ddi twong quan tinh bac 3
HTD:S s = K ¢ bo didu khién tdi wu do 16m PID :
1+Ts 1+T,s 1+T.s
R's =k, |1+ = +Tos [ithi sk, = 11127 — 47,1, = 12
TS 2KT, T, +T,

7.Phwong phap t6i wu doi xirng
A.Y tudéng phuong phép :
Theo do6 thi bode ctia hé hd, ta thay co6 thé chia lam ba ving tan s6 : thap, trung binh va cao, rat cao :

Eode Diagram

40

20

of---

Magnituce (35}

Phase (deg)
a
(]

10! 0 10’ 10°

) T
-Vung tan sb thép dac trung cho chat luong hé théng lam viéc véi tin hiéu mot chiéu (ché do xac

1ap) nén ta co6 thé bo qua
-VUng tan s6 rat cao ddc trung cho chat lwrong hé thong bi anh hudng ctia nhidu nén ta co thé bé qua
-Ving tan sd trung binh va cao 1a ving c6 anh huéng quyét dinh t6i chat lwong dong hoc cia hé
thong. Nguoi ta nhan thiy rang ving nay dugc dic trung boi tan sd cat o, , tan s6 giy o, & @, , do
nghiéng ciia dic tinh trong viing tan sé gy va do 16n khoang cach ving tan s6 gy. Va dé c6 chét lugng
t6t nhét thi do thi bode trong ving niy phai ¢6 : tan sb cat phai ¢ giita hai tan sé gy, khoang cach do
1 1

trong hé truc toa do cia d6 thibode la  a=T,/T;T, =—;T,=—
o, 2]

phai 1<a<4 thi h¢ dao dong tat

dan
B.diéu khién ddi tuong tich phin-quan tinh bac nhit

HTD: S s =—— ¢6 b di€u khién t61 vu doi xting 1a by PI :
s(T,s+1)

Rs = kp (1+i] v6i tham s xac dinh nhu sau :
|
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4In% Ah

-Xac dinh a=—; >—— trong d6 Ah la dg qua diéu chinh duoc cho trude
7°+1In° Ah

-Tinh T,=aT;

-Tinh k, = 1

kT,\/a

-Vidu : cho S(s) = 2/(s(1+0.3s)), bd diéu khién R(s) = ky(1+1/T}s)
Ta chon a=2 ta c6 kp=1,18 va T,=0.6

Ta cd ham h(t) :

Amplitude

Time (sec)

C.diéu khién ddi twong tich phdn-quan tinh bac hai
HTP:S s = K ¢6 bd didu khién tdi wu dbi xtmg PID :
s T,s+1 T,s+1
k 1+T,s 1+T.s
Rs =k, 1+i+TDs =P A °
T,S T,s

Tham sb bd diéu khién t6i uvu ddi xing :
T, =aT,;va;k, =L;haykp =EpT—'= 1 n__t L+ah
KT,a T, kT,JaT, kT,i/a aT,
2.4.2 Phuong phdp diéu khién cin bang mo hinh
1.Thiét ké bg diéu khién can bang ham truyén dat h¢ hé
-Cho biét trude ham S(s) biét duge do thi bode . )
-Ttr chat luong hé thong theo yéu cau ta biét duoc do thi bode mong mu6n ‘
-Tur hai do thi nay ta x4c dinh dugc d6 thi cua R(s) bang cach trir hai do thi trén cho
nhaul, @ =L o —-Ly o
2.Thiét ké bd diéu khién can bing HTD hé kin : tw doc trang 200

i T, +T, =TT, T =TTy va;T, =T,

2.4.3 Sir dung Matlab xdc dinh tham sé b PID

Cho ddi twong diéu khién c6 ham truyén dat dang :
o K
2
s((Js+bYLs+R}+K™)

v

Ta c6 so do cau truc h¢ thong nhu sau
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Y

Controller » Plant

Tham s6 cta dbi twong diéu khién :
J=3.2284E-6;
b=3.5077E-6;

K=0.0274;

R=4;
L=2.75E-6;

Vi yéu cau chat luong diéu khién nhu sau
e Settling time less than 0.04 seconds
e Overshoot less than 16%
¢ No steady-state error

e No steady-state error due to a disturbance

1)Khai bao mo6 hinh bfing doan Iénh sau :

=2.75E-6;
num=K;
den=[ (J*L) ((J*R)+(L*b)) ((b*R)+K"2) 0];
Ham truyén dat ctia bd PID c6 thé trién khai nhw sau :
K, +% R =w

2)Pwa bd diéu khién 1a khiu ty I¢ thir phan vimg ciia hé thong

Ta su dung bd diéu khién 13 mét khau ty 1é cé6 hé sb khuyéch dai
1.7, st dung doan lénh ta khdo sat ham qud dé cua hé thdng nhu sau

Kp=1.7;

numcf=[Kp];

dencf=[11];

numf=conv (numcf, num) ;

denf=conv (dencf, den) ;

[numc,denc]=cloop (numf, denf) ;

£t=0:0.001:0.2;

step (numc, denc, t)
Két qua ta duoc :


http://www.engin.umich.edu/group/ctm/extras/step.html

Fesponse to Step Input Kp=1.7

1l /_\_/—
=
[
=
2
=05]
L]
o
" . . .
i .05 .1 .15 0.2

Time [secs)

Bay gio ta khdo sat hé phan ing v6i nhiéu nhd doan 1énh sau :

numdcl=conv (numc, 1) ;
dendcl=conv (denc, Kp) ;
step (numdcl,dendcl, t);

Fesponse to Step Disturbance Kp=1.7
0.8 . .

/

Fosition {rad)
o]
=

=
RO

0

0 0.05 01 015 0.0
Time [secs)

Két qua ta thay sai sb & trang thai xac 1ap twong dbi tét, nhwng thoi gian qua dd, dd qua diéu

chinh ciing nhw sa[sé & trang thai xac lap khi bi nhiéu tac dong la tuwong déi 16n. ta phai cai
thién van dé nay bang cach dwa thém khau tich phan vao bd diéu khién

3)Sir dung bd diéu khién 1a bp PI
ﬁKhéoséthébﬁngdoanlénh:
2284E-6;

3.
3.5077E-6;
=0.0274;
4;
2.

(J*L) ((J*R)+(L*b)) ((b*R)+K"2) 0];

65



Kp=1.7;

Ki=20;

numcf=[Kp Ki];

dencf=[1 0];

numf=conv (numcf, num) ;

denf=conv (dencf, den) ;

[numc, denc]=cloop (numf,denf,-1);
t=0:0.001:0.4;

step (numc, denc, t)

Ta dwoc :
Fesponse to Step Input Kp=1.7 Ki=20
1.5 . . .
=
2
.%
s 051
0 . .
0 0.1 0.3 0.4

0,
Time (zsecs)
Su phan tmg ctia hé dbi voi nhiéu :

figure
numdcl=conv (numc, dencf) ;
dendcl=conv (denc, numcf) ;

step (numdcl, dendcl, t);
Taco:

Fesponse to Step Disturbance Kp=1.7 Ki=20
0.5 . . .

=
I=

Fosition {rad)

=
o

0

0 01 0 0.3 04
Time (gsecs)

Nhuw vay khi~du’a khau tich phan vao, ta da cai thién dwoc sai §6 & trang thai xac lap khi hé
thong bi nhiéu tac déng, nhwng chwa cai thién dwoc doé qua diéu chinh va thdi gian qua do

4)Sir dung bd diéu khién PID va chinh dinh théng s6 ciia n6
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Dé giam thoi gian qué d, ta ting hé sb khuéch dai Kp=17 va chon Ki =200, khao sat lai ta thiy :

Fesponse to Step Input Kp=17 Ki=200

in

Fosition {rad)

=
in

0 0.05 01 015 02
Time [secs)

Fesponse to Step Disturbance Kp=17 Ki=200
0.1 . .

008}

0.06

0.04 +

Fosition {rad)

002+

0 0.05 01 RE 0.0
Time [secs)

Dép tng cua hé c6 nhanh hon, nhung hé dao dong manh 1€n do K; 16n qua. Bay gio ta st dung bg PID véi
cac tham so nhu sau :

Kp=17;
Ki=200;
Kd=0.15;
numcf=[Kd Kp Kil];
dencf=[1 07];
numf=conv (numcf, num) ;
denf=conv (dencf, den) ;
[numc,denc]=cloop (numf,denf,-1);
t=0:0.001:0.1;
step (numc, denc, t)

Két qua khao sét ta dugc
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Fesponse to Step Input Kp=17 Ki=200 Kd=.15

1l

051

Fosition (rad)

0 002 Qrtu:l 006 008 0.1
Ime [secs

Fesponse to Step Dist. Kp=17 Ki=200 Kd=.15
0.06 . . . .

0051

0 002 Qrtu:l 006 008 0.1
Ime [secs

Két qua dap tng cua hé da t6t hon rat nhiéu. nhung phan Gmg véi nhidu van con cham, do do ta ting
Ki=600, khao sat lai ta dugc két qua dat yéu cau :

Settling time less than 0.04 seconds
Overshoot less than 16%
No steady-state error

No steady-state error due to a disturbance
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Fesponse to Step Input Kp=17 Ki=600 Kd=.15

051

Fosition {rad)

0 002 Qr 008 0.1
1Te SECS

Fesponse to Step Dist. Kp=17 Ki=600 Kd=.15

0.04

T

Fnos}

—

=2

0.0zt

i

[V

0.0
0 \ .
0 0.02 Qr 008 0.1
Ime secs
Vay bd diéu khién PID thu duoc 1a

Kp=17,
Ki=600,
Kd=.15,

Chay: su tuong quan trén co thé khong hoan toan chinh xac, boi vi cac hé s6 Kp, Ki, Kd phu thudc vao

nhau. Thuc té, khi thay d6i gia tri ciia mot hé sO ¢6 thé 1am thay doi tac dung cua hai hé s6 kia. Boi vay
bang trén chi 1a tham khao khi ta tién hanh xac dinh gié tri ctia cac hé sé ma thoi.

ICL RESPONSE |RISE TIME |OVERSHOOT [SETTLING TIME

Kp Decrease Increase 'Small Change Decrease
Ki Decrease lIncrease Increase Eliminate
Kd 'Small Change |Decrease Decrease 'Small Change

Cdc budc tién hanh thiét ké b PID

Khi thiét ké bo PID cho hé thdng, ta tién hanh theo cac budc sau dé co duoc dap tmg mong muén
1) xay dung dap ting h¢ ho va xac dinh can cai tién (improved) cai gi
2) PBua khau ty 1€ (proportional) vao d¢ cai tien thoi gian tang Tr (rise time)
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3) Pua khau vi phan (derivative) vao dé cai tién (improved) do qua diéu chinh (overshoot)

4) Pua khau tich phan (integral) vao dé khir (eliminate) sai sb (steady state error)

5) Chinh (adjust) Kp, Ki, Kd cho t¢i khi ta nhén dugc dép img nhu mong muon.

Cudi ‘cung, khong nhét thiét hé thdng nio, b diéu khién ciing can ddy du ca ba khau. Tuy dic diém cua
hé thong ma ta c6 thé chi sir dung bo diéu khién v6i khau P hodc PI hodc PD hoic PID

2.4.4 Thiét ké bé diéu khién ding ODNS (Root Locus)

1.Nhiic lai khdi nigm (closed loop poles)

Quy dao nghiém sé (root locus) ciia hé hé H(s) la tiap hop cdc vi tri cwc ciia hé kin véi hé sé khuyéch

dai K nhw so do cau truc
r e u ¥
H,,(%_—> K H(s)

Ham truyén dat cta hé kin (closed loop) :

Y@ __EH(E
R{z) 1-+EH(s)

Va cuc cua hé kin 1a nghiém ctia phuong trinh 1 + K H(s) = 0.

Néu chiing ta viét H(s) = b(s)/a(s), phuong trinh trén co thé viét :

AN +ERN=0
% +Wzy=0

Néu n = béc cta a(s) and m = bac cua b(s) [bac cao nhit cia da thirc ma né c6]. Chung ta chi xét cac gia
tri dwong cua K. Vi moi gia tri ctia K, hé kin c6 n diém cuc, quy dao nghiém ) phai c6 n nhanh, moi
nhanh bat dau tir diém cuc va két thuc tai diém khong cua H(s). Néu n>m (s6 diém cuc 16n hon diém
khong) thi ta noi H(s) c6 n-m diém khong tai vO cung. Nhu vy ta s& ¢6 n-m nhanh bt dau tai diém cuc
va két thic tai vo cung. V6i quy dao nghiém sd (root locus) c6 duoc, ta ¢ thé chon hé sé khuyéch dai K
sao cho hé kin ¢6 diém cuc nhu mong muon, tham chi cé thé thay khau bac mdt hoac bac hai phu thudc
vao mot sd diém cuc dién hinh.

2 Xdc dinh K ciia bé diéu khién si dung quy dao nghiém s6 (root locus)
Dé nam dugc phuwong phép, ta xét vi du sau :
Cho ddi twong diéu khién c6 ham truyén dat

Yiz) _ a+7

Hiz) = U(s) a3 +5¥a+ 15Ks+20)

Ta phai tim dugc hé s6 khuyéch dai ciia bo diéu khién sao cho chat lwgng qua do phai thoa mén qua didu
chinh (overshoot) khong qua 5%, thoi gian tang Tr (rise time) khong qua 1s. Dé giai quyét bai toan nay,
ta ¢6 thé str dung quy dao nghiém s6 nhu sau :

1)Xay dung quy dao cac diém cuc caa hé kin voi hé sd khuyéch dai K
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num=[1 7];

den=conv(conv([1 0],[1 5]),conv([1 15],[1 20]));
rlocus(num,den)

axis([-22 3 -15 15])

15

10F

Imagy Axis

-10F

_1 5 1 1 1 1 1 i 1
-25 =20 -15 =10 -5 a 5
Feal Axis

2) Chon gia tri ctia K tir quy dao nghiém s sao cho thoa man yéu cau chét lugng cua hé.

Tt cong thuc

Trong do
Wn=Natural frequency (rad/sec)
zeta=Damping ratio

Tr=Rise time
Mp=Maximum overshoot

V6i yéu cau do qué diéu chinh khong vurot qua 5% ta tinh dugc hé sé suy giam & phai 16n hon 0.7;

Thoi gian tang khong vurot qua 1s ta co tan so ty nhién Wn phai 16n hon 1.8 rad/s .

Ta st dung cac 1énh Matlab sau dé vé cac duong hé sb suy giam va tan s6 tu nhién trén mat phang s
zeta=0.7,

Wn=1.8;
sgrid(zeta, Wn)
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http://www.engin.umich.edu/group/ctm/extras/plot.html#axis

15
10F
Bt
R
g o R ]
£
_5_
-10}F
_15 1 1 2 1 1 i
=20 -15 -10 -5 0
Feal Axis

Ta thdy 2 duong thdng nét chim tao thanh goc 45° biéu din hé sb suy giam £=0.7; phia trong hai
duong la & >0.7; phia ngoai hai duong & <0.7. Nua duong tron nét chim biéu dién Wn=1.8 rad/s; phia
trong duong tron la Wn<1.8 rad/s va ngoai duong tron la Wn>1.8 rad/s. Nhu vay dé thoa méin yéu cau
thi€t ke, ta phai chon cac di€ém cuc & phia ngoai duong tron va phia trong hai dudong thang nhu sau

 [kd,poles] = rlocfind(num,den)
Nhap chudt vao vung thich hop ta xac dinh duoc gia tri cua K :

Imagy Axis

o0 15 ~10 i 0
Feal Axis
3) Khao sat chat lugng hé thong
Sau khi x4c dinh dugc hé sb khuyéch dai cua bd diu khién ta khao sat chat luong hé théng nhu sau
[numCL, denCL] = cloop((kd)*num, den)
step(numCL,denCL)
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Step Response

Arnplitude

0 0.5 1 1.5 2
Tirne {zec.)

Két qua nhu ta mong mudn 14 qua diéu chinh nho hon 5% va thoi gian ting nho hon 1s.

2.4.5 Thiét ké bé diéu khién siv dung ddp vrng tin so (frequency response) -do thi Bode
1)Nhan xét :

-Phuong phéap dap tng tan sé (frequency response method) co thé it truc quan hon cac phuong phap
khac, nhung né sat voi mo hinh vat ly. Pap ung tan s cua hé thong ¢6 thé duoc biéu dién bang hai cach :
duong cong Nyquist va do thi Bode. Ca hai db thj déu cho ta biét cac thong tin nhu nhau, nhung cach thé
hién khac nhau. Bap img tan s6 1a phan ng cua hé thong v6i tin hiéu vao sin, bién thay 601 14 tan sb va
tin hiéu ra c6 tdn s6 giébng tin hiéu vao nhung khic vé bién do va pha. Pap ung tan sb (frequency
response) xac dinh sy khac nhau giita bién do va pha cua tin hiéu ra so véi tin hiéu vao. Trong phan nay,
ta sir dung dap ung tﬁn s6 cua hé hd dé dy doan hanh vi cia hé kin.

-bé du doan hé kin tir dap tan so6 h¢ ho, ta can hoan thanh cac ndi dung sau :

o Hé théng hé phai 6n dinh néu dung Bode dé thiét ké.

e Néu Wgc < Wpc (gain cross over frequency < phase cross over frequency) thi hé thong kin 6n
dinh

« DAi v6i hé thdng quan tinh bac hai, hé s suy giam cua hé kin xdp xi bang du trit pha trir di 100
néu d6 du trir pha tir 0-60 do.

o Dbi voi hé théng dao dong bac hai, quan h¢ gitra hé sO suy gidm, Wbw, va thoi gian qua do Ts
nhu sau :

« Dé udc lugng gan ding, ta can chon Wbw xap xi bang tan s6 tu nhién Wn.

e Céc cong thuc thiét ké co thé sir dung nhu sau :

mBW=mn.J[1—2.§,'2]+1H§4—4@'2+2 oy, =

T.C

@ g —le 252 et a2 42 - —2

E.Jl 252 TN o T )

2)Noi dung thiét ké thé hién qua vi du sau :
Cho hé thong c6 so dd cau tric
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T

Trong d6 Ge(s) 1a ham truyén dat bd diéu khién, G(s) 1a ham truyén dat cta dbi tuong diéu khién :
10

1.25s + 1
Yéu cau thiét ké nhu sau :

e Zero steady state error.
e Maximum overshoot must be less than 40%.
e Settling time must be less than 2 secs.

C6 hai cach giai quyét van dé nay : dung dd thi hodc tinh toan. Trong pham vi Matlab d6 thi 1a phuong
phap téi vu :

num = 10;

den =[1.25,1];

bode(num, den)

20 ;
O L. i nii i
;D 'nguenc}* (rad}sﬂecj 10

I:IIII

-z i
10 10
=requency frad}secﬁ

Céc chi tiéu chat luong dong hoc cua ddi tuong diéu khién ta c6 thé xac dinh truc tiép tir dd thi Bode nhu
sau .

Wbw = 10 rad/s, gan bang Wn,

Thoi gian tang 1.8/BW=1.8/10=1.8 seconds xap xi 2s.

Du trit pha Xép xi 95 do,

Tir d6 xéac dinh hé s6 suy giam of PM/100=95/100=0.95.

Tir quan hé giita hé sb suy giam va qué diéu chinh ta xéc dinh d6 qua diéu chinh 14 1%

okrwnPE

DPiém quan trong cudi cung la xac dinh sai sO xac lap. Ta cé thé xac dinh truc tiép tir dd thi Bode cta hé
kin. Cac hé sb Kp, Kv, or Ka dugc xac dinh bdi su cit nhau gitra duong tiém can vung tan sb thép Vo1
duong w=1 rad/s. D 16n cia diém nay 1a hé s6 khuyéch dai. Khi do thi Bode 1a duong nim ngang tai
viing tan s thap, hé co bac vo sai bang khong, ta dé dang tim duoc diém cat. Vi du nhu do thi dudi ta co
sai s6 & trang thai xac lap 1a 1/(1+Kp)=1/(1+10)=0.091.
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Ta c6 thé kiém tra lai bing ham qua do
[numc,denc] = cloop(num,den,-1);
step(humc,denc)

Closed-locp step response, no conbroller

0 0.1 0.4 0.5

0.2 0.3
Time (secs)
Nhu ta da du doan, hé théng c6 Tr=2s; khong c6 qua diéu chinh, sai sb trang thai xac lap 9%. Ta
phai chon bo diéu khién sao cho hé théng 6 chat luong thoa man yéu cau thiét ké. ta chon bd PI vi né c6
thé khir sai sd & trang thai xac 1ap. ngoai ra bo PI c6 diém khong ma ta co thé dat. Bo PI c6 ham :
K*(s+a)
Ge(s) = -

Tu d6 qua diéu chinh 40%, ta xac dinh dugc hé sb suy gidm la £=0.28 dy trit pha Xép xi 30 d6. Tur quan
hé Ts*Wbw vs damping ratio plot,

o]
]

n
o]

Whw*Ts

0

0 0.2 8 i

04 08 0
Cramping [Qiatio
Ta xac dinh dugc Ts*Wbw ~ 21va ta c6 Wbw = 12 rad/s v6i Ts<1.75 s

Bay gio ta co dii thong s6 dé thiét ké d6 1a do du trit pha va giai thong. Nhu ta da biét ddi voi hé ho, giai
thong tai tan sO ma hé so khuyech dai bang -3 db. Ta cung xem anh hudng ctia bd PI nhu thé nao :

num = [10];

den =[1.25, 1];

numPl = [1];

denPl =[1 0];

newnum = conv(num,numpPl);

newden = conv(den,denPl);
bode(newnum, newden, logspace(0,2))
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100

—100

_ — SRS EH i
10 10 10
“requency (rad/sec)

10" 10" 107

“reguency (rad/sec)
Du trit pha va giai thong déu qua nho. Chung ta thém zé 16 tai 1, ding Matlab khao sat lai :

num = [10];

den =[1.25, 1];

numPl = [1 1];

denPIl =[10];

newnum = conv(num,numPl);

newden = conv(den,denPl);
bode(newnum, newden, logspace(0,2))

50
0
_SCID - : 5 - e
10 10 10
Freguency (radisec)
10 10! 107

Frequency (radisac)

Do dy trir pha 16n hon 60 d6, (thdm chi qua diéu chinh nho hon yéu cau)Wbw = 11 rad/s cho chung ta
dap tmg thoa man yéu cau. Nhung dap g khong hoan toan t6t nhu ta mong mudn, dé ting duoc Wbw
ma khong anh hudong téi do du trir pha, ta tang hé sb khuyéch dai 1én 5 va khao sat lai :

num = [10];

den =[1.25, 1];

numPl = 5*[1 1];

denPl =[1 0];

newnum = conv(num,numpPl);

newden = conv(den,denPl);
bode(newnum, newden, logspace(0,2))
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Freguency (radisec)
Dic tinh gio da t6t hon rat nhiéu, ta kiém tra lai :
[clnum,clden] =cloop(newnum,newden,-1);
step(clnum,clden)
1.5
e
E 1L
£0.5}
T
% 0.0 K 0.15
' %ime (secs?' '

Nhu ta c6 thé thdy, dap ung t6t hon mong chd. Thong thudng ta phai thay d6i hé sé khuyéch dai va vi tri

cuc/zero t6i khi thoa min yéu cau thiét ké.
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CAU HOI ON TAP VA BAI TAP CHUONG 2

a. Cau héi on tap

Cau hoi 1: Trinh bay phép bién d6i FURIER, LAPLACE va ung dung ctia no trong méon hoc

Cau hoi 2: Ham truyén dat va phuong phap xay dung

Cau hoi 3: Pac tinh dong hoc : cac phuong phéap xay dung va phan tich hé thong

Cau hoi 4: M6 hinh diém cuc-diém khong : cac phuwong phap xay dung va tmg dung cta no.

Cau hoi 5: So d6 khdi va dai s6 so d6 khoi.

Cau hoi 6: Trinh bay ndi dung bai toan phan tich hé théng trong mién phirc.

Cau hoi 7: Xac dinh tinh 6n dinh ctia hé thong tir da thirc dic tinh cta né.

Cau hoi 8: Phan tich chat lwgng hé thong kin tir ddc tinh tan s6 cta hé ho.

Cau hoi 9: Phan tich chat lugng hé théng & ché d6 qua do

Cau hoi 10: Panh gia chat lugng hé thong & ché do xac lap.

Cau hoi 11: Phan tich hé thong bang md hinh diém cuc-diém khong

Cau hoi 12: Trinh bay vé bd diéu khién PID

Cau hoi 13: Xac dinh tham s6 ctia bd PID dbi voi doi tugng diéu khién quan tinh bac nhét co tré

Cau hoi 14: Xac dinh tham sb cta bo PID dbi v6i doi twong diéu khién quan tinh bac cao c6 ham
qué do hinh chir s

Cau hoi 15: Xac dinh tham sb ciia bo PID bang phuong phap thuc nghiém t6i han

Cau hoi 16: Xac dinh tham sb ctia bd PID bang phuong phap tong T ctia Kuhn

Cau hoi 17: Xac dinh tham sb ctia bo PID theo t6i wu do 16n.

Cau hoi 18: Xac dinh tham s6 ctia bd PID theo t6i wu ddi xing

Cau hoi 19: Trinh bay phuong phap thiét ké b diéu khién str dung quy dao nghiém sd

Cau hoi 20: Trinh bay phuong phap thiét ké bo diéu khién sir dung dic tinh tan sb

b. Bai tap
Bai 1:
Tim tin hiéu x(t) c6 anh Laplace sau:
2 3 2
X(S):232+13s+17 X(s):s +58°+9s+7
. $"+4s+3 S+1 s+2
bap _56 : Dép sb :
2*Dirac(t)+7*exp(-3*t)-2*exp(-t)  Dirac(3,t)+6*Dirac(2,t)+13*Dirac(L,t)+12*Dirac(t)+2*exp(-t)
5s? +19s+20
X(s)=— 3 2
S"+7s°+17s° +17s+6
DS : -2*exp(-3*t)+2*exp(-2*t)+3*t*exp(-t)
Bai 2:
Giai cac phuong trinh vi phan sau:
d ay +5—— d’y +6— dy =5 véi cac diéu kién dau bang khong
’ dt dt dt
Dap s0 : 5/6-5/2*exp(-2*t)+5/3*exp(-3*t)
Bai 3:

Cho mach dién nhu hinh 2.124b gdm hai dién tré va hai tu dién R, R,,C,,C,. Thiét lap phuong trinh vi
phan mo6 ta dong hoc va ham truyén dat cua mach dién.
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Goiy:
Str dung cac mdi quan hé dudi day dé thiét 1ap mdi quan hé vao (u) va ra (y)
I, =sC,y
L=cS RcC,Ss+1y
=1 +1,
Bai 4:
Xéc dinh ham truyén dat ctia hé thdng c6 ban d6 diém cuc -3; -1 diém khong 1. Biét G(0)=2. Xay dung

ham qué do va phan tich dong hoc cua h¢ théng thong qua ham qua do ciing nhu vi ri cac diém cuc diém
khong. Pap sb :

(s+3) (st1)

Ampltue

C6 tin hi€u vao u(t), tin hiéu ra y(t). n(t) 1 tin hiéu nhiéu tac dong vao hé théng, e(t) la tin hi¢u sai léch
dieu khién. Chiing lan luot c6 anh Laplace 1a U(s), Y(s), N(s) va E(s). Hay xac dinh :
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3 Y s x
-Ham truyéndat G s =—— cua hé khi khong c6 nhieu

Us
nt=0
. o Y s
-Hamnhayciahé¢ S s =——
N s
ut=0
\ A “ 1A Y R E S
-Ham truyén dat sai l¢ch dicu khién E, s = Us
S
nt=0

Goiy:

Khi tinh ham truyén dat khong c6 nhiéu thi ta x6a tin hiéu nhiéu trong so d6 cau tric

Khi tinh ham truyén dat theo nhiéu thi ta x6a tin hiéu vao trong so do cau truc.

Str dung phép dai s6 so d6 khdi dé tinh ham truyén dat theo nguyén tic bao ton tin hiéu vé gia tri ciing
nhu huong di.

Bai 6:
Str dung Matlab xay dung dic tinh tan va phan tich dong hoc cac hé thong c6 ham truyén dat sau :
1 1
1+0.5s 1+0.5s 1+1.5s
_ 1 1

s 1+0.755 1+1.255 G s =k|1+——+025
Goi y: » ‘ ,
Str dung 1énh nyquist va bode dé vé dac tinh tan ctia hé thong
Bai 7:

Hay xac dinh ham truyén dat ciing nhu cac thanh phan khuyéch dai, vi, tich phan trong so d6 khdi cac
mach dién sau (hinh 2.128)

R3
O

L2
o O
¢—Jmf\«—l—'
L1 c3

-0
e-O
p-O
>-O

R6 o

R4 L4 o
(0] (0]
bt bt o o] jo—s
Cé6
R5
C5 L5 R7
L3 c7
o} i o] o} o] o) T
Py ° ¢ P Hy é s pi

[ Zle]

Goiy:

Str dung cac dinh luat vé mach dién deé thiét lap phuong trinh vi phan, sau d6 xac dinh ham truyén dat.
Str dung moi quan h¢ cac diém nit tin hiéu dé thiét 1ap so do cau truc mach dién tir d6 xac dinh cac thanh
phan P,I,D ctia mach. Vi du m6 phong mach dién thir nhat ta c6 : 3 khau khuyéch dai va 1 khau tich phan

ued
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Bai 8:

Xac dinh ham truyén dat cic hé thong c6 so d6 khdi sau : (hinh 2.129)

1 1

T — |z — |z T4
s+ s+ 51 s+
F A
z1
4 e |
1]
(53 (=13
(1) *_
Ind s=t1d s=t1.5) Outl
zz zz

Goiy:

Str dung phép dai s6 so 6 khoéi dé tinh ham truyén dat theo nguyén tic bao ton tin hidu vé gia tri ciing

nhu hudng di.
Bai 9:

Str dung ti€u chuan ROUTH hodc HURWITZ xét tinh 6n dinh cac hé théng co da thirc dac tinh sau
a) 1.1s° +7.25s° +18.6s" +24.84s% +18.2s° +6.69s +1.08
b) 5s° +47s* +140.55s° +168.67s> +82.635+0.72

c) 25s° +87.5s* +80s°® +5.55% +—8.64s +0.72

d) s®+8s%+225+20

e) s* +10s® +38s® +64s +40
Bai 10:

81




Str dung ti€u chudn MICHAILOV xét tinh 6n dinh cac hé théng c6 da thirc dac tinh sau :
a) s°+s* +20s® +10s? +54s5 +10

b) s®+s*+25s° +55% +144s +5
Bai 11:

Hé¢ kin c6 ham truyén dat hé ho G, s = . Str dung Matlab x4y dyng dic tinh tdn s6 va phan tich

S S+2

chat hrc_mg‘d(f)ng hoc hé kin thong qua dic tinh tan thu duoc
Pap an: do thi thu dugc nhu hinh vé

Imaginary Axis

Bai 12:

Str dung Matlab veé qu?rdao nghiém s6 cho hé kin c6 ham truyén dat h¢ ho sau va dua vao quy dao

nghiém s6 bi¢n luan chat lugng hé kin :
kK 2+s

1+s 1+3s

Root Locus
1.5 T T

k 1+s 3+s

S 2+S 4+s 5+s
k 1+0.2s

6s 1+0.5s 1+0.33s

c)

Imaginary Axis

0.89 0.81 0.7 0.56 0.38 0.2
I I L I L

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 o
Real Axis

Quy dao nghi¢m so cua bai toan a)

Bai 13:
Xéac dinh tham s b diéu khién I, PI hodc PID cho cac ddi tuong c6 ham truyén dat sau :
1 2

45+1 0.2+1 3s+1
2 2
3s+1 2s+1 s+1 3s+1 55+1 0.3s+1°

Goi y: sur dung cac cong thire dugce hoc dé tinh. Sau d6 khao sat lai chat luong

Bai 14:

Xéc dinh tham sb t6i vu d6i xung cho bd diéu khién PID cho cac ddi tuong diéu khién c6 ham tmyén dat
sau va udc lugng do qua didu chinh :

a) ———— ung voi a=2
) s 115 e

b) 3 ung véi a=4
2s 1+s 1+3s
2 , .
C) ung voi a=6
s 1+2s 1+6s

Goi y: sir dung cac cong thirc duoc hoc dé tinh. Sau d6 khao sat lai chat rong
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CHUONG 3: PIEU KHIEN LIEN TUC TRONG MIEN THOI GIAN
3.1 CONG CU TOAN HOQC

3.1.1 Nhitng céu tricc dai sé co bdn
1.Nhém

Nhom bao gdm mdt tdp hop V va anh xa *:V? —V duoc ky hidu la V=

Tuy thudc vao ban chit ciia phép anh xama V,* ¢6 tén goi khac nhau. vi du nhu nhom cong néu
anh xa *:V? >V 1a phép cong, nhém nhan néu *:V? -V la phép nhan.

Trong nhdm bao gior ciing ton tai phan tir don vi e va phan tir nghich dao x*;cua; x

2.Vanh

Vanh 1a tap hop V véi hai phép anh xa cong va nhan : +,e:V> >V

3. Trudong

Trudng 1a tap hop F voi hai phép 4nh xa cong va nhan : +,e:F> > F

4.Khong gian véc to

Cho mdt nhom Abel (V,+) va mot truong F,+,e . Néu c¢6 anh xa duoc dinh nghia FxV —»V tuc
13 mot phan tir cia F nhan voi mot phan tir ciia V anh xa xang V thi (V,+) dugc goi la khong gian véc to
trén truong F,+,¢ vaduockyhi¢ula V,+ F

5.Pai s6

Cho mot khong gian véc to V,+,F trén truong F,+,e VA ola anh xa giita mot phan tir X caa V
Vol phﬁn tir a ciia F thoa mdn mot sd diéu kién thi V,+, F duge goi la dai s6 V xac dinh trén truong F

3.1.2 Dai s6 ma trin

1.Khai niém . o

Ma tran A 1a mot tap hop hitu han céc phan tir duge xap xCp thanh m hang, n ¢4t . ky hiéu A(m x n)
v61 phan tur 1a aj;

8, &, . @,

A= a21 a22 ' a2n

a'ml ail ' a'mn

Nguoi ta con ky hiéu Ael] ™"
-Ma trén ¢6 n=m thi goi 1a ma trdn vudng
-Pudng chéo ndi cac phan tir aj go1 la duong chéo chinh, con lai la duong chéo phu

-Ma tran c6 cac phan tir khong nam trén duong chéo chinh bang 0 goi 1a ma tran duong chéo ky
hi¢u A=diag(a;)

-Ma tran duong chéo | = diag(l) dugc goi la ma tran don vi

Xl
A A \ A r A 5 X2
-Ma trén ¢t 1a mét véc to n phan tor X = .
Xﬂ
&
R . a,, o
-Néu moi mot ¢dt 1a mdt véc to m phan tu ¢; = [IZJ thi ma trén A co6 thé viét A= c,,c,,lljc,
L mi

2.Phép tinh ma trian
1) Phép cong, trir hai ma trén :
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Cho hai ma tran cung kich thudc (mxn) ta co thé thuc hién phép tinh cdng, tru
A= a; ,B= b ,thi,C=AxB,voi,c; =a; b,

i ij ]| ji
2)phép nhan v&i mot sé thue (phirc) :
A= g; ,thi,B=XAvoi,b; = x3;

U ]|

3)phép chuyén vi : 13 phép chuyén tao ra ma trin méi : ta c6 ma trin A (mxn) thi ma trn chuyén vi
AT (nxm) (tc hang thanh cot va cot thanh hang) : A= A'.

Néu A=A thi A La ma tran d6i ximg va né phai 1a ma tran vudng.

Céc phan tir trén cting mot cot duoc goi 1a véc to hang

4) Phép nhan hai ma tran : diéu kién dé thuc hién dugc phép nhan : 1a hai ma tran kich thudc hang
clia ma tran thir nhit (mxp) phai bang hang ma tran thir hai (pxn) va ta ¢6 ma tran C c6 kich thudc (mxn):
A= g, ,voi, mxp ,va,B= b, ,voi, pxn ,thi,C=AB= c; ,voi, mxn

!
p
Gj = 2 aikbkj
k=1

Tap hop tat ca cac ma tran c6 cung sb hang, s cot két hop voi phép nhan tao thanh nira nhom.

Tap hop tit ca cac ma tran vudng cung kich thudc két hop v6i phép cong va phép nhan tao thanh
mot vanh.

Mot ma tran vuong duoc goi la truc giao néu ATA=AA=|

Hai véc to a, b duoc goi 1a tryc giao néu: a’b =0

3.Hang ctia ma tran

Ta c6 thé biéu dién lai ma trin A thanh mdt ma tran cot gém m véc to hang hodc thanh mdt ma tran
hang v&i n véc to cot. Ta gid sir co nhiéu nhat p véc to hang doc lap tuyén tinh, q véc to cot doc 1ap
tuyénd tinh thi hang ctia ma tran duoc hiéu la Rank(A)=min p,q

Mot ma tran vudng nxn duoc goi 1a khong suy bién néu Rank(A)=n

4.Dinh thirc ma tran

Ky hi¢u det(A)

5.Ma tran nghich dao

AB=BA=I thi B 14 ma trin nghic dao cua A. ky hiéu 1a A™ va det(A) =0 nén A 13 ma tran khong
suy bién.

6.Vét ciia ma trin

Ky hiéu 1a trace (A) 1a tong gi4 trj cac phan tir trén dudng chéo chinh.

7.Ma tran 13 mét anh xa tuyén tinh

ta c6 hé phuong trinh vi phdn m phwong trinh va n an. Tt n trang thai va c6 m dau ra ta co Ax=y.
Nhu vdy ma trin A c6 vai trd anh xa tuyén tinh mét diém gbc x trong khong gian n chiéu xang
diém anh y trong khéng gian m chiéu.

A Xy H AR X, o+, X, =Y a, a, U a,
Ay Xy + 8y Xoy +o+ 3, X, =Y , a, a, U a
217721 22722 2n"*2n 2 o A)_( — y trong dO A: 21 22 2n
0 0 o o O
aleml + amZXmZ +.ot amnxmn = ym aml am2 D amn

A 14 anh xa mot diém n chiéu xang anh m chiéu
3.2 XAY DUNG MO HINH TOAN HQC

3.2.1 Phwong trinh trang thdi

1.Cau tric chung

Trang thai cia mét hé thdng dong hoc 1a mot tap hop nho nhét cac bién (bién trang thai) sao cho
v&i gia tri cac bién tai t=to (hé dung thi t=0) va quan h¢ ctra vao khi t>=tq thi ta hoan toan xac dinh tin
hiéu ra khi t>=t;

Bién trang thai : 13 tip hop nho nhét cac bién ma ching xéac dinh trang thai ciia hé dong luc. N6 ¢6
thé 1a cac dai luong khong do dugc quan sat duge. Thong thuong c6 n bién

Véc to trang thai : n bién trang thai mo ta ddy du dap tmg cta hé thong thi n bién nay 1a n phan tir
cta véac to trang thai x
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Ta xét mot hé théng k¥ thudt c6 m tin hi€u vao, r tin hi€u ra va n bién trang thai nhu so dd khdi

m tin hiéu vao R tin hiéu ra

N6 dugc mo ta bdi phuong trinh vi phén dang tong quat nhu sau :

d d"*
Yia, S e va S vy =u
Ky hiéu dat blen trang thai dé ha bac phuong trinh ta co :
n-1
xlzy,xzz%,...,xn (Zt _2/<:>x1 Y, X, = X..., X, =X, tu diy ta c6 hé phuong trinh :
X 0 1 0 0 |Ix 0 X
X, 0 0 1 0 X, 0| . X, | oo .
= +| (uva y=x = 10..0 tur day ta co
O 0 o o0 0O |0 0 0
X -, —-a U —-a,||X 1 X,

thé viét dang tong quat ctia md hinh khong gian trang thai :

% = Ax+Bu
dt -
y=Cx+Du
trong do :
0 1 0 O
0 0 1 O . e
A= la ma tran h¢ thong
O o 0
-8, —a [ -a.,
0
0 . A Az
B= 0 1a ma tran di€u khién
1

C= 10..0 ;D=01]a ma tran diu ra
i Néu cac ma tran A,B,C,D déu 1{21 nh,fmgq ma tran héng thi n6 dugc goi 1a mo hinh trang thai tham )
hang. nguoc lai nd 1a md hinh tham s6 bién doi.
Mo hinh nay thudng dugc dung dé mé ta hé MIMO (multi input - multi output)
Vi du 3.5 trang 245 : cho mot h¢ giam x6c co bao gdbm mdt 10 so c6 do cimg ¢, mot vat khdi Iugng
m va bo giam chan dong c6 hé sé d. Xay dyng mo hinh trang thai voi tin hiéu vao la lyc tac dong tur bén
ngoai lén vat m, tin hiéu ra la quang dudng vat m dich chuyén.
xXt=yt=x=y
Trude hét ta dat bién : dy t  dx t
X, t = =

2 dt dt =%
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Khi ¢6 luc tac dong u(t), h¢ sé sinh ra luc chéng lai su chuyén dong do : F,,F,,F, do 10 so, b gidm

F. =by(t) =bx
P o . dy? t dx,
chan dong va vat m sinh ra. Ta c6 hé phuong trinh: {F, =m m =m ot
dy t
Fy=a——=ax
Str dung dinh luat Newtontaco: F,+F, +F, =u :% = —Bx1 —EX2 +lu

dt m m m

dx |0 1 0
. —== X+ |u
Tong hoptacomod hinh: < dt | -% -3, v
y=1 0x
2.Quan hé giira m6 hinh khong gian trang thai va mé hinh HTDb

-Xac dinh ham truyén dat tir mé hinh trang thai : quan hé gitta HTD va cic ma tran dugc mo ta

quacongthic G s =¢” sl—A "b+d

cong thirc nay dugc thuc hién boi 1€nh

Vidu:
>>a=[-0.5-110] | >> b=[1:0] >> ¢=[0 100] >> d=0
a= b= c= =
-0.5000 -1.0000 1 0 100 0

1.0000 0 0
>>
n=
0 0 100
d=

1.0000 0.5000 1.0000
>> sys=tf(n,d)
Transfer function:

s"2+05s+1
-Xac dinh mé6 hinh trang thai chuan di€u khién tir ham truyén dat :

3 b, +bs +..+b,s"
Taco ham truyéndat: G s = b +thy L

chuyén qua mé hinh trang thai ta c6

a,+as +..+a 8" +s"
X, 0 1 0 0 |Ix 0
X, 0 0 1 X, 0| .
= +| _fuva
0 0 o o 0 (|0 0
Xn _aO _al D _an—l Xn l
X2
y=x= b,—-apb,,...b_,—a b, . +b.u
Xn
cong thirc nay duoc thyc hi¢n bdi 1€nh
Vidu :
>> n=[100]
n=
100
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>>d=[10.51]
d=
1.0000 0.5000 1.0000
>> [a,b,c,d]=tf2ss(n,d)
a= b= c= d=
-0.5000 -1.0000 1 0 100 0
1.0000 0 0

3.2.2 Quy dao trang thdi
1.Khai niém 7
Quy dao trang thai dugc hiéu 1a nghi€ém cua hé phuong trinh vi phan

d—)t(=A5+Bg

y=Cx+Du

Ung véi mot kich thich u(t) va mot trang thai dau x 0 = x, cho trudc.

Quy dao trang thai : tai t=to ta c6 véc to trang thai dau x(to), khi cho t, chay tir 0 dén VC x(to) v&
1én mot duong cong theo chiéu ting cua t. Pudng cong nay goi 1a quy dao trang thai.

V6i moi mot trang thai dau hé thong c6 mot quy dao trang thai.

Tap hop tit ca cac quy dao trang thai ciia hé thong dugc goi 1a khong gian trang thai va khong
gian trang thai mang day du théng tin dong hoc cta hé thong

2.Khai niém ma tran ham mii va cach xac dinh

Ma tran ham mi dugc dung dé xac dinh nghiém cua h¢ phuong trinh vi phan bac nhét nén ta phai
nghién ctru nod.

x A
-Dinh nghia : Ma tran ham mii e™ 13 gia tri t6i han cta chudi E(t) =e™ Z ( t)

-X4c dinh ma tran ham mil ta c6 thé sir dung mot trong ba phuong phap sau dung toan tir Laplace,
phuong phap modal, dinh ly Cayley-Hamilton (trang 256-259)
3.Nghiém ctia phwong trinh trang thai cé tham so khong phu thudc thoi gian

t
Dugc xac dinh theo cong thirc sau : x(t) =e™ x(0) + jeA(t")Bg(r)dr
0

Y(©) =Cle"x(0) + [e7Bu(c)dr] + Du

4.Nghiém ciia phwong trinh trang thai cé tham s6 phu thudc thoi gian
5.Qua trinh cwdng birc va qua trinh ty do
-Qusi trinh cwdng bire 13 dap Gng ctia hé Gng véi tin hiéu dau vao U t va tai thoi diém kich thich

hé c6 trang thai bang 0 ung véi nghiém ciia phuong trinh ing véi trang thai dau x 0 =0
-Qua trinh tw do duoc biéu dién dap ng dau ra y(t) ciia hé khi khong bi kich thich nhung c6 trang
thai dau khac khong 0 tng véi nghiém cia phuong trinh véi tin hiéu vao u t =0

3.3 PHAN TiCH HE THONG

3.3.1 Nhiém vu co ban ciia cong viéc phin tich ) i
Céc nhiém vu co ban ctia cong viéc phan tich chat lugng dong hoc cua hé thong 1a xét tinh 6n dinh,
sai léch tinh, d§ qua diéu chinh, thoi gian qua dg, chat lugng bén viing ... Nhung & md hinh khong gian

d—_Ax+Bu

trang thai : { dt
y=Cx+Du

Ta can phai nghién ctru thém :

87



1)Hiéu biét vé sy phian bd cac diém cin bang ciia h¢ thong : d6 1a trang thai ma néu hé khong

chiu tdc dong tir bén ngoai thi nd dirng nguyén tai d6. Nhu vay néu X, la diem can bang hé thong thi no 1a
. , \ dx Y SR A or s 2:A A 1X \ A A

nghi¢m cua phuong trinh Py = Ax=0. Nhu vay doi voi hé tuyen tinh thi diém can bang la goc toa do.

2)Hiéu biét vé tinh 6n dinh Lyapunov cta hé théng. Mot hé thong 6n dinh Lyapunov 1 hé thong
c¢6 kha ning tu tré vé 1an cin diém cin bang X, ban dau khi bj nhiéu danh bat ra khéi vi tri cin béng H¢
khong nhirng ty tré vé 1dn can diém can bang x_ ban ddu ma con tién thang t6i x, thi duoc goi 1a 6n dinh
tiém can Lyapunov tai X, . d6i v6i hé tuyén tinh thi khai niém 6n dinh Lyapunov va 6n dinh BIBO (dau
vao chdn thi dau ra cling chin ) 14 hoan toan dong nhat.

3)Hieu biet ve tinh dieu khien dwgc ctua hé thong tai mot di€m ¢ trang thai cho trudc.

4)Hieéu biet ve tinh quan sat dwgc ctua hé thong tai mot di€m ¢ trang thai cho trudc.

3.3.2 Phan tich tinh 6n dinh

1.Phéan tich tinh 6n dinh BIBO

Tir mbi quan hé giita mo hinh trang thai v mé hinh HTD : G s =c' sl —A "b+d hé én dinh

BIBO khi va chi khi ma tran A co tat ca cac gia trj riéng ndm bén trai truc 0. Piéu nay tuong duong véi
nghiém cta da thic p s =det(sl — A) niam bén trai truc 4o.

Pé xét tinh 6n dinh BIBO dau tién ta phai xac dinh duoc da thic p s =det(sl —A) bing lénh
poly(A).

Vidu : cho ma tran A= [ 05 01} xac dinh da thic dac tinh :
a=[-0.5-1;1 0]
a=
-0.5000 -1.0000
1.0000 0
>>
ans =

1.0000 0.5000 1.0000
Pa thitc dac tinh: p s =s*+0.55+1

Sau do ta dung cac ti€u chuin Routh, Hurwitz, Michailov dé xét tinh én dinh. Ta c6 thé tinh nghiém
truc tiép ctia da thirc dé két luan tinh 6n dinh BIBO : ta dung 1énh roots(p):
p=[10.51]
p =
1.0000 0.5000 1.0000
>> roots(p)
ans =
-0.2500 + 0.9682i
-0.2500 - 0.9682i
N c6 2 nghiém c6 phﬁn thuc 4m ta két luan hé théng nay 6n dinhBIBO
2.Tiéu chuén 6n dinh Lyapunov-ham lyapunov
Xuét phat diém cua tiéu chuén la 6n dinh BIBO khi va chi khi n6 6n dinh tiém can Lyapunov tuc la
khi va chi khi cac quy dao trang thai tu do hudng vé gbc toa d va két thuc tai do.
Bén chét ctia phuong phap Lyapunov 1a gia sir bao quanh gbc 0 c6 cac ho duong cong v khép kin.
Cac duong cong nay c6 thé coi la bién ctia cic 1an can 0 va néu tt ca cac quy dao trang thai ty do cit tét
ca cac duong cong thudc ho v tir ngoai vao trong thi ta co thé két luan 14 cc quy dao trang thai nay tién
vé gbe 0 va két thuc tai d6. Tir 6 két luan tinh 6n dinh Lyapunov cua hé.

Nhu vay néu to tai ham v X thoa man cac diéu kién :

-Kha vi, x4c dinh duong

- % <0; % la dao ham cua v X doc theo quy dao trang thai tu do

Thi hé 6n dinh tiém c4n Lyapunov tai gbc 0 vaham v x [a ham Lyapunov
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dé st dung tiéu chudn Lyapunov ta phai thuc hién hai budc :
1)Xay dung ho duong cong v khép kin chira goc 0 bén trong
2)Kiém tra xem quy dao trang thai x(t) c6 cat moi dudng cong thudc v tir ngoai vao trong hay

khong.
Tir diy nguoi ta dua ra hé qua Lyapunov nhu sau :
~ A L1 4 L d— = AX + BU
Cho mot hé thong dugc mo ta 4 dt . Hé s& 6n dinh néu mot trong hai diéu kién sau thoa
y=Cx+Du
man :

a)Ton tai mot ma tran vudéng P xac dinh duong sao cho ma trin PA+A"P  xac dinh am, ttc
— PA+A"P xac dinh duong.

b)Ton tai mét ma tran dbi xang xac dinh dwong Q sao cho phuong tinh PA+A'P =-Q ¢

nghiém P ciing di xtng xac dinh duong. Piy la phuwong trinh Lyapunov
Dinh 1y Sylvester la cong cu dé xac dinh mdt ma tran vudng doi xirng xac dinh duong : cho ma tran

qll qu . qln
: Q — qu q22 : q2n ;qik — qki
qnl qn2 b qnn
Xéc dinh duong khi ma tran duong chéo cé dinh thirc duong :
% q Oy O O
Gy >0 de{ q“ q”} >0;det| G, Gy, O [>0
T Oy O O

3.3.3Phdn tich tinh diéu khién dwoc

1.Khai niém diéu khién dwogc va diéu khién dwoc hoan toan

Trong bai toan diéu khién gdm hai phan :

-X4c dinh nhitng tin hiéu diéu khién u(t) dé dua hé tir mot trang thai ban ddu khong mong mudn téi
mot diém trang thai mong mudn khac

-Xac dinh trong so cac tin hiéu u(t) d6 mét tin hiéu dé dua hé tir mot trang thai ban dau khong mong
mudn t6i mot diém trang thai mong mu6n khac véi mot chat lwvong chuyén d6i mong mudn.

Néu thuc hién dugc nhu thé thi goi la hé diéu khién duoc hoan toan.

Mt hé théng tuyén tinh lién tuc dwoe goi la diéu khién dwoc néu ton tai it nhat mot tin hiéu diéu
khién dua duoc hé tir mot diém trang thai ban dau X, tuy y vé gbc toa do 0 trong mot khoang thoi gian

htru han.

Mot hé théng tuyén tinh lién tuc dugc goi la diéu khién duogc hoan toan néu tdn tai it nhit mot tin
hiéu diéu khién dua duoc hé tir mot diém trang thai ban dau X, tuy y dén mot diém trang thai dich tuy y
X; trong mot khoang thoi gian hitu han.

2.Cac tiéu chuin xét tinh diéu khién dwoc cho hé tham s6 hiang

Theo dinh Iy Kalman diéu kién can va du dé hé co tinh diéu khién dugc 1a Rank(Co)=n

-Tinh ma tran diéu khién duoc Co=[B AB A’B...A"'B]

-Néu Co c6 hang day dii nhu ma tran hé thng (=n) thi hé diéu khién duoc hoan toan

-Dé tinh Co(controllability matrix) ta ding lénh

-bé kiém tra hang ma tran ta dung 1énh

3.3.4 phén tich tinh quan sdat dwoc

1.Khai niém quan sat duwgc va quan sat duwgc hoan toan

Mot hé théng cotinhiéuvao u t vatinhiéura y t dugc goila:

-Quan sat dwgc tai thoi diém to néu ton tai it nhat mot gia tri hitu han T>tg dé diém trang thai

X t =X, xac dinh mdt cach chinh xéc thong qua viéc quan sat cac tin hi€u vao, ra trong khoang thoi gian
[to-T]
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-Quan sat dugc hoan toan tai thoi diém to néu v6i moi gia tri hiru han T>ty dé diém trang thai
X t =X, xdc dinh mot cach chinh xéac thong qua viéc quan sat cac tin hiu vao, ra trong khoang thoi gian
T
2.M0t so ket luén chung . 7
Theo dinh Iy Kalman di€u ki¢n can va du d€ hé cé tinh quan sat dugc 1a Rank(Ob)=n
-Tinh ma trdn quan sat dugc Ob(observability matrix) = [C;CA; ... ; CA™]
-Néu ma trén Ob c6 hang day du(=n) nhu ma tran h¢ thong thi hé¢ quan sat dugc hoan toan
-Dé€ tinh ma trdn Ob (Observability matrix) ta dung lénh
-b¢ ki€ém tra hang ma tran ta dung I&nh
0 0 -2 0 1
g . dx 1 0 -1
vidu choh¢ —=|1 0 —4|x+|1 2|u;va;y= X
dt 01 1
01 -3 -1 1

xét tinh di€u khién dugc va quan sat duogc cua h¢ :

a=[00-2;10-4,01-3] b=[0 1;1 2;-1 1] c=[10-1;011] >> d=0

a= b= c= =
0O 0 -2 0 1 1 0 -1 0
1 0 4 1 2 0 1 1
0O 1 -3 101
>>
Co =
o 1 2 -2 -8 2
1 2 4 -3 -14 2
11 4 -1 -8 0
>>
ans =
3
>>
ob =
1 0 -1
0O 1 1
0o -1 1
1 1 -7
11 1
1 -7 15
>>
ans =3

Két luan : hé co tinh diéu khién duogc va quan sat dugc
3.3.5 Phdn tich tinh dong hoc khéng (Sinh vién ty nghién cau)

3.4 THIET KE BQ PIEU KHIEN

3.4.1 Bé diou khién phén hoi trang thdi gan diém cue

1.Bai toan
e LA A A T o . . %:Ax+Bu
Xét hé c6 mo hinh khong gian trang thai : 5 dt -7
y=Cx+Du

Chung ta théy rﬁng cac diém cuc cua da thirc dic tinh chinh 1a cac gia tri riéng cua ma trdn A. ma
Chét luong hé théng phu thudc nhiéu vao vi tri cac diém cuc, do d6 dé c6 duge chit luong hé théng mong
mudn nguoi ta thiét ké cac bd diéu khién can cr vao vi tri cac diém cuc cho trudce (coi nhu cho trudc yéu
cau chét luong hé thong). Phuong phép thiét ké by diéu khién nhu thé nguoi ta goi 1a phuong phap cho
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trude diém cyuc hay phuong phap gan diém cuc (pole placement). Vi phuong phap nay ta cé thé thiét ké
duogc véc to R (k) /ma tran R (k) phan hoi trang thai hoac phan héi tin hleu ra.

Ban chit cua phuong phap 1a chon cac tham sd ciia bo didu khién xuat phat tir mot dang dép tng
cho trude (yéu cau chét lwrgng diéu khién cho trudc).

d— AXx+Bu=Ax+B w—-RXx
-Néu dung bd phan hdi trang thai thi hé théng s& c6 md hinh { dt
y=Cx+Du
trong d6 R (k) 14 bo phan hoi trang thai c6 so dd nhu hinh v& :
u dx y
—=Ax+Bu
w a o L
y=Cx+Du
R ¢ X

-Néu dung b phan hdi tin hiéu ra thi hé thong s& c6 mo hinh :

%=A§+BQ=A§+B w—-Ry =Ax+B w—-RCx = A-BRC x+Bw
y=Cx+Du
vo1 D=0
y
u dx
w E_A5+Bu R
y=Cx+ Du
R [«

2.Phwong phap Ackermann

Phuong phap Ackerman 13 phuong phap thiét ké bo diéu khién phan hoi trang thai cho ddi tuong chi
c6 mot tin hiéu vao.

X 0 1 0 O X 0

.. L X, 0 0O 1 O X, 0
Doi tuong ¢6 mo hinh : = +| _|u

0 0 o o0 0O (|0 0

Xn _aO _a1 D _an—l Xn 1

Thi hé kin sé c6 A— BR mo6 hinh

VIEC TA TiM MA TRAN R (BQ BPIEU KHIEN PHAN HOI TRANG THAI R) DUA VAO CAC
PIEM CUC CHO TRUOC (GIA TRI RIENG CUA MA TRAN A — BR)

THUAT TOAN TIMBOR :

1.GIA SU TA CO BO PIEU KHIEN R

2.XAC PINH MO HINH KIN CUA HT CO BO R THAM GIA

3.THAY CAC GIA TRI RIENG CUA MA TRAN A-BR VAO MA TRAN HE THONG VUA XAC
PINH

4 PONG NHAT HOA CAC HE SO TA SE TIM PUGC MA TRAN R

dx

E=A§+BQ=A§+B w—RX
y=Cx+Du
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% 0 1 0 0 10 x ] [0
X 0o 0 1 0 |o x, | |0
’ :[ IR PYRErE ? ]+ w
0 0 0 O 0 0 (o
Xn _aO —a 0 —a,, 0 X, 1
0 1 0 0 0
0 0o 1 0 0
= X+ |w
0 00 I i
—(+1) —(&+rn) U —(a,,+r) 1
o [0 1] o
Viduy : cho hé SISO c6 md hinh: —~=| 0 0 1|x+|0|u.
12 3| |1

Tim véc to k dé hé c6 diém cuc s1=-3; s2=-4; s3=-5. Sir dung 1énh Matlab ta co :
a=[010;001;-123] |>>b=[0;0;1] |>>pl=-3 >> p2=-4 >>p3=-5
a= b= pl= p2 = p3 =
0 -3 -4 -5
0
1

= oo
N O
whkFk o

>> k=place(a,b,[p1 p2 p3]) : xdc dinh ma trin K phén hdi trang thai
k =

59.0000 49.0000 15.0000 ‘
M6 hinh h¢ thong kin khi c6 b phan hoi trang thai K :

>> [a]=(a-b*k) b=[0;0;1] | c=[100] >> d=0
a= b= c= =
0 1.0000 0 0 1 0 O 0
0 0 1.0000 0
-60.0000 -47.0000 -12.0000 1

>> [n,d]=ss2tf(a,b,c,d)
n =
0 -0.0000 -0.0000 1.0000
d=
1.0000 12.0000 47.0000 60.0000
>> sys=tf(n,d)
Transfer function:
-3.553e-015s"2 - 2.842e-014 s + 1
N3+ 122 +47s+60
>> step(a,b,c,d)
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Amplitude

0.018

0nig

0014

0oz

001 -

0.008

0.00&

0.004

0002

3.Phwong phap Roppenecker

Phuong phap nay giong phuong phap trén nhung manh hon ng dung cho ca hé¢ MIMO.

dé thiét ké ta ciing dung lénh

Step Response
T T

. 0 1 0 .
vi du : cho do61 tugng c6 mé hinh : % = [0 2}§+L}u voi1 cac diém cuc cho trude s1=-1; s2=-2.
tim bo diéu khién R.
a=[0 1,0 2] >>pb=[0;1] |>>c=[10] |>>d=[0] |>>pl=-1 >> p2=-2
a= = c= d= pl = p2 =
0 1 0 1 0 0 -1 -2
0 2 1

>> [k,prec,message]=place(a,b,[pl p2])

prec = dd chinh xac cua vi tri PCyc cua h¢ méi so véi vi tri Pcuc cho trude.

k =

2 5

15
>> a=(a-b*k)
a=

0 1

-2 -3

>> [n,d]=ss2tf(a,b,c,d)
n=
0 0.0000 1.0000

d=

1 3 2
>> sys=tf(n,d)
Transfer function:
8.882e-016s +1

SN2+3s+2
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Step Response
T

L L L L L
o 1 2 <l 4 5 G

Time (sec)

3.4.2 Diéu khién tich kénh 7 ‘
Diéu khién tach kénh 1a viéc can thiép so bd vao h¢ MIMO dé h¢ MIMO thanh nhiéu hé SISO. ¢
day ta gia thiét sb lugng tin hiéu vao va tin hiéu ra bang nhau va 1a m : U, U,,...,U_;va;y,, Y,,..., ¥,. dugc

o %:Ax+Bu
mo ta < dt -

y=Cx+Du

1.B) diéu khién phin hdi trang thai tach kénh Falb-Wolovich ‘
Nhiém vu thiét ké dat ra la phai xac dinh hai bo diéu khién tinh (véc to hodc ma tran hang) M va R
G s . 0

dé ma tran ham truyén dat thanh ma tran duong chéo : G s = . . . Vo1

b
G s = : r-1 r
a1.0+aiyls +...+ai’rl_1S' +S"

Thuat ‘goén xé4c dinh R va M duoc thé hién ¢ vi du sau :
Cho d6i duoc mo ta nhu sau :
-1 1 0 10

010
—=|1 -2 1 |x+|0 0Ojuyy= X
0 01

0 1 -3 01

H¢ nay c6 m=2 (hai vao hai ra)
1)X4ac dinh bac twong doi cia cac HTD thanh phan r1,r2 nhu sau :

i o {:0;khi;Osksr—2 X ) . s
Theo cong thuc ¢ Ab = . . Nhu vay ta ctr thay k =0 vao sau do bat dau tinh
#0;khi;k =r-1
c¢" A*b, khi ndo n6 khac 0 thi nhan gia tri k do va tinh bac r=k+1
Nhu trong vidy :
0
-matrin ¢ =|1 :>gT = 0,1,0
0
1 o]
Tatinhvéi k=0= ng A“B = ng B= 0,100 0|= 0,0 nén khong nhan gia tri nay
_O 1_
-1 1 011 O]
Vi k=1=¢'AB=0,1,0| 1 -2 1[0 0|= 11 #0 nénnhank=I do vay rl=k+1=2
0 1 -3||0 1
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0
-matrdn ¢, =| 0 :>Q,LT =0,0,1

1
10
Ta tinh véi k=0=>¢ AB=¢'B= 0,010 0|= 0,1 #0 nén nhan gia tri nay k=0 do vy
01
r2=k+1=1
¢'A"'B
-Ma tran E =|. trong vi du ta tinh
T AR

E_ GATB| |A"B| |¢'AB[1 1

- QZTArZ—lB - (_:ZTAl—lB - QzTB 01
—SE'= L
1o 1

2)Chon tuy y cac tham s :
-Chon a,;voi;i=12..m;k =0,1,..r, —1dé c6 :

1 k r-1 Lo
Aot +o TS+t ST +S" =

= S—S,; S—S, .. =S, .. S

i
Vi cac diém cuc S; « 1a dugc chon trude cho kénh thir i

-Chon b, = a,, dé kénh th i khong c6 sai 1éch tinh

Trong vi du ta co

m=2 nén i=1,2;

ri=2; r2=1
b :b;b, b,=a, =3
nén voi/i=1=a, :a,a,;(h=2=r-1=1) vatachon a, =1
voi/i=2=a, :a,;(r,=1=r1,-1=0) b=a,=2
3)Tinh ma tran F,L rdi tinh M,R
- i B}
oA+ A, A
k=0
-Tinh ma tran F : F =|. trong vi du
-1
(_:r:]—Arm +zamkgr:1—Ak
L ko i
i » ] -1 1 07 -1 1
G A +) a,c A" 04,01 -2 1| +a,010+a,010(1 -2 1
=0 0 1 -3 0 1 -3
F= = - z
- -1 1 0
CoA" +> 8, Al | 0,011 -2 1 |+a, 0,01
- e ol 0 1 -3 |
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=)
o o

0
. 2 0
Matran L=/ 0 b 0 |=
0 3
0 b

o

2 -3
T day ta tinh M = E‘lL:[O 3}

R_ElF_{_z 5 _4}

0 1 0
2.B¢ diéu khién tach kénh nho phép bién ddi Smith-McMillan

3.4.3 Diéu khién phdan héi trang thdi toi wu

1. Bai toan :
Day 1a bai toan tim bo diéu khién tinh (véc to hodc ma tran hang) dé hé kin c6 chat lugng 1a khi bi
nhieu danh bat khoi vi tri can bang dén mot trang thai nao do, b dicu khién s€ kéo h¢ vé goc toa do voi

t6n hao ning luong cta qua trinh quay tré lai : Q x,u =1 I X"Ex+u'Fu dt — min 1a nho nhat. Bai

toan nay goi la LQR (linear quadratic regulator). Ban chat cua phuong phap nay la ta chon cac tham sd
ctia bo diéu khién xuat phat tir qua trinh tim cuc tiéu cia mot ham chét lugng (ham muc tiéu) nao do.
Trong d6 E 14 ma tran trong lugng cla cac bién trang thai va F 1a ma tran trong luong cua cac bién
dau vao. Vi gia thiét E 1a ma tran dbi xting xac dinh khong 4m va F 1a ma tran ddi xtmg xac dinh duong.
Bai toan ndy c6 2 dang : phan hdi t6i wu trang thai dwong va phan hdi tdi wu trang thai 4m
2.Thiét ké b diéu khién LQR phan hodi dwong

dx
R —_Ax+Bu
Cho hé 1 dt
y=Cx+Du
C6 so dd chu trac :
u
W — = Ax+Bu y
y=Cx+Du g
R |+

Gia str ta c6 bo didu khién R thi luc d6 md hinh trang thai cia hé kin :

%:A5+B w+Rx = A+BR x+Bw
y =Cx+Du

Thuat toan tim R nhu sau :

1)Giai phuong trinh Ricati : KBF 'B'K + KA+ ATK = E dé tim dugc K

2)Tinh R=F'B'"K =>u t =F'B"Kx t :Ila luit diéu khién t6i wu

Vidu : cho hé o _ {O O}x{l}u;va;Q _L _f[xT t {5 o}yuz]dt
d (1 0 0 2; 0 4

Tim bd diéu khién phan hoi duong ti wu trang thai R :

a=[0 0;1 0] >> p=[1,0] >> e=[5 0;0 4] >> =1
a= b= e= =

0 O 1 5 0 1

1 0 0 0 4
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>> [k,s,e]=lqr(a,b,e,f) : trong d6 k 1a ma tran phan hdi;S 13 nghiém ciia phwong trinh Ricati; e Ia
vet cua (A-B*K)

k = (ludt diéu khién R)
3.0000 2.0000
s = (nghiém ricati)
3.0000 2.0000
2.0000 6.0000
e=
-2.0000
-1.0000
Vay bo diéu khién R = -3x, —2X,
3.Thiét ké bo diéu khién LQR phan hoi 4m

N %:Ax+Bu
Cho hé 1 dt - .
y=Cx+Du
W ! —=Ax+Bu y
y=Cx+ Du -
R |«

Gia sir ta co bo diéu khién R thi lac d6 md hinh trang thai ctia hé kin :
%=A§+B w—-Rx = A-BR x+Bw
y=Cx+Du
Thuét toan tim R nhu sau : R=F 'B'L
1)Giai phuong trinh Ricati : LBF 'B'L+ LA+ AL =E dé tim duoc L
2)Tinh R=F'B'L=>u t =F'B"Lx t :1a luat diéu khién t5i wu

0 2 0 iy 3 4
ax_ X+| |uva inj‘[gT t X +U?]dt
dt |1 0|7 [1 2 4 13

a=[0 2;1 0] >> b=[0 ;1] >>e=[3 4;4 13] >> f=1
a= b= e= f=

0 2 0 3 4 1

1 0 1 4 13

>> [R,L,e]=lgr(a,b,e,f)
R = lugt diéu khién
3.0000 5.0000
L = nghiém phuong trinh Ricati
3.0000 3.0000
3.0000 5.0000
[a]=[a-b*R]
a=
0 2.0000
-2.0000 -5.0000
>> step(a,b,c,d)
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Step Response
05 T

0451

04r

038

03

Arnplitude
o
o
@

0z

05k

01

00sk

L L L L L
0 1 2 g 4 5] [

Time (5&c)

3.4.4 Diéu khién bdm bang phdn hoi trang thdi (tracking control)
\e . . R e %=Ax+Bu
Bai toan : cho hé SISO dugc mo ta bdi mo hinh < dt -~
y =Cx

Ta phai thiét ké bo diéu khién R sao cho tin hi¢u ra y(t) ciia n6 ludn bam dugc theo tin hiéu mau
Ym(t) mong muon. B R ¢6 thé la b phan hoi trang thai hoac bo phan hoi tin hi€u ra. D€ giai quyet bai
toan nay ta phai thi€t ké bo di€u khién R c6 kha nang vira giai quyet nhiém trén dong thoi phai xac dinh
tin hi¢u dat um(t) (mau) thich img ¢ dau vao.

-So do cau trac hé thong nhu hinh 3.20 trang 343.

Trong d6 bd tao mau véi tin hi€u vao la mau tin hi€u ra 1a mau diéu khién va mau trang thai. Ma
A \ A A A 3 <\ A 1 A R A A 3 A T 1> A 5 A
tran S 1a ma tran quy chuan mo hinh tr mé hinh khong chuan vé mo6 hinh chuan. a' 1a bd phan hoi trang

thai va Re 13 bo diéu khién sai 1éch trang thai.

3.4.5 Diéu khién phin hoi trang thdi thich nghi

Bai toan : Trong diéu khién ta thuong gip nhirng bai toan ma ddi tugng c6 chira nhitng thanh phan
bat dinh. Ngudn goc cua nhitng thanh phan bat dinh nay c6 thé 1a sai 1éch mo6 hinh, hodc do tdc dong cua

dx
x e . , , —=Ax+BUu+G x d
nhiéu ngoai (disturbance). M6 hinh MIMO cutia ching nhu sau : < dt - - -
y=Cx

Trong d6 G(x) 1a ma tran ciia cac phan tir phy thudc vao trang thai x, d(t) 1 véc to nhidu (thanh
phan bat dinh). Bai toan niy con goi 1a bai toan diéu khién thich nghi khang nhiéu : thiét ké b diéu khién
phan hdi trang thai didu khién dbi tuong trén dé hé théng c6 chat lwrong nhu mong mudn khong phu thude
vao nhiéu.
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Hé théng c6 so dd cAu tric nhu 3.22b trang 347 :

W u X

|

»
>

- Trong

do6 W, U, X, @, €,X, : véc to tin hidu vao, tin hi¢u diéu khién, trang thai ctia hé thong, luat diéu khién thich

nghi khang nhiéu, sai léch giita m6 hinh mau va thyc, trang thai mé hinh mau.

3.4.6 Diéu khién phan héi tin hiéu ra

1.Bai toan
.. . ax = AX+Bu
Cho @61 tuong dugc mo ta : < dt -7
y=Cx

Ta phai thiét ké bo diéu khién R phan hdi tin hiéu ra sao cho hé kin thu duogc
%=(A—BRC)X+BW L e . . L , . e ..
dt ~ 7 ¢0 cac diem cuc la nhiing gia tri cho trudce. DE gidi quyét bai todn nay nguoi ta

y=Cx
thiét ké cac bd quan sat trang thai
2.Thiét ké by quan sat Luenberger

. ax_ Ax+Bu
Cho doitwong co mé hinh: /gt~ "= -

y=Cx+Du

Y tuéng chinh ctia phuong phép 1 dung khau c6 mo hinh :
%: AX+Bu+L(y—-y—Du)
a - - = ~ lam b quan sat nhu hinh 3.26 trang 354.

y=CX

v

Vén d& mau chdt 1a xac dinh duoc ma tran L . thuét toan tim L theo cac budce sau :

1)Chon n gia tri diém cuc twong tmg véi thoi gian quan sat T : cang xa truc 4o vé trai thi T cang
nho, sai s6 quan sat cang nhanh tién vé 0

2)Dung phuong phap thiét k& bo phan hoi trang thai bang gan cuc dé xac dinh L' véi n diém cuc

cho d6i tugng : {3—% =A"x+C'u

3)Xac dinh lai L ‘
4)Thong thuong bd quan sat trang thai bao gio cling di kém bd phan hoi trang thai R
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Noi cach khac bai toan xac dinh bd quan sat Luenberger chinh 13 bai toan thiét ké bo diéu khién cho
trudc diém cyc Ung voi hé doi ngau cua doi tugng da cho.Vi du : cho doi tugng dugc mo ta

100

SS =%—FT—— .Thiét ké bd quan sat.
s°+25+100
sys=ss(tf([100],[1 2 100]))
a= b= c= d=
x1 X2 ul x1l x2 ul
x1l -2 -3.125 x1l 2 yl 0 1.563 yl 0
x2 32 0 x2 0

> po=3*real(pole(sys))+imag(pole(sys))/3*i xac dinh cuwc ctia by quan sat
po = cuc cua bd quan sat

-3.0000 + 3.3166i

-3.0000 - 3.3166i
>> | =place(sys.a',sys.c',p0)' : xac dinh ma tran d¢ sai léch quan sat L
>> est=estim(sys,L) : xac dinh mé hinh by quan sat

a= b= c= d=

x1 x2 ul Xl X2 ul
x1 -2 -0.375 x1 -1.76 yl 0 1.563 yl 0
X2 32 -4 X2 2.56 y2 1 0 y2 0
y3 0 1 y3 0

re A y Ao 100 4 A A A « R

Vidu 2 : cho h¢ ¢6 d6ituwong : S s =——————_. Thi€t ké bg di€u khién
s +2s+100

1)xac dinh diém cwe ciia bd quan sat va ciia khiu diéu khién
sys=ss(tf([100],[1 2 100])

a= b= c= d=

x1 X2 ul x1 x2 ul
x1 -2 -3.125 x1l 2 yl 0 1.563 yl 0
x2 32 0 x2 0

>> po=10*real(pole(sys))+imag(pole(sys))/10*i : diém cuc cta bd quan sat
po =
-10.0000 + 0.9950i
-10.0000 - 0.9950i 9 ‘ q
>> pc=5*real(pole(sys))+imag(pole(sys))/5*i : di€ém cuc cua b dicu khién
pc =
2)Xac dinh ma tran sai léch quan sat va ma tran phan hoi trang thai
L=place(sys.a',sys.c',po).: xac dinh ma tran sai léch quan sat L
L=

-0.7002

11.5200 ‘ 7 ‘
>> k=place(sys.a,sys.b,pc) : x4c dinh ma tran di€u khién phan hoi trang thai
k= 4.0000 -1.1100 . .
3)xac dinh by quan sat va by di€u khién phan hoi trang thai
>> est=estim(sys,L) : xac dinh bd quan sat

a= b= c= d=
x1 X2 ul x1 X2 ul
x1 -2 -2.031 x1 -0.7002 yl 0 1.563 yl 0
x2 32 -18 x2 11.52 y2 1 0 y2 0
y3 0 1 y3 0

>> rsys=reg(sys,k,L) : x4c dinh md hinh b diéu khién khi c6 ca bd quan sat
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a= b= c= d=

x1 X2 ul x1 X2 ul
x1 -10 0.1891 x1 -0.7002 yl -4 111 yl 0
x2 32 -18 x2 11.52

Két qua ta thu dugc qua trinh qua do :

Step Response

Amplitude

L L L L
2 3 4 =1 &

Puong xanh 14 cay 1a dap tng cua ddi tuong. dudng xanh da troi 1a dap tng cta hé théng kin co bd
quan sat va diéu khién. Nhu vay vé dong hoc hé théng da duoc cai thién rat nhiéu, khong co6 qua diéu
chinh, thoi gian qua d6 ngan, nhung sai sé xac lap 16n.

Sai léch tinh 16n ¢6 thé 1a do sy thay ddi ham truyén dat cia mach kin. Dé khic phuc hién twong nay
thong thudng ngudi ta sit dung khau diéu khién trang thai c6 thém khau tich phan dau vao hoic bo tién sir
ly.

3.Thiét ké bd quan sat Kalman

dx
e , A 13 _=AZ+BQ+DX ,e \ X s ”
Cho doi tugng c¢6 mo hinh : 4 dt V01 ny, Ny 1a nhicu tac dong

y=Cx+Du+n,

dx - -

, —=AX+Bu+L(y-y-Du)

Y tudng chinh ctia phuong phap 1a dung khau ¢c6 mé hinh : < dt = lam bo
y=Cx

quan sat nhu hinh 3.28 trang 359.

v

Vén d& mau chdt 1a xac dinh duge ma tran L . Thuét toan tim L

1)Xac dinh hai ma tran Ny, Ny 1a hai ma trdn ham hd tuong quan ctia n, t ;n, t (phuong sai cta
tap am).

2)Thiét ké by diéu khién tdi wu phan hoi trang thai L' phan héi am cho dbi twggn dbi ngu

dx Lz : “ :
{d—zz A"X+C"u v6i phiém ham myc tiéu Q, =% I X"N x+u"N,u dt — min
0

3)Tim L thay vao ta cé by quan st Kalman

. . 1000 A 1A
Vi du cho h¢ thong c6 doi twgng dwge mo ta . S s =—; . Thiét ké bd quan sat
s +10s+1000

Kalman.
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sys=ss(tf([1000],[1 10 1000]))

a= b= c= d=0
X1 x2 ul x1 x2
x1 -10 -15.63 x1l 4 yl 0 3.906
x2 64 O x2 0
>> Qn=1 : phuong sai tap am
Qn=
1
>> Rn=1 : phuong sai tap am
Rn =
1
>> [kest,L,P]=kalman(sys,Qn,Rn)
a= b= c= d=
xl e x2e yl xl e x2_e yl
x1 e -10 -18.9 x1 e 0.8381 yl e 0 3.906 yle O
x2_e 64 -20.47 X2 e 524 x1e 1 O xl1e O
x2e 0 1 x2 e 0
L = ma tran khuyéch dai bé quan sat Kalman
0.8381
5.2403
P = ma tran phwong sai sai I¢ch tinh
0.4297 0.2145
0.2145 1.3415
>> Q=[3 4;412]
Q = ma tran trong lwong ciia cac bién trang thai
3 4
4 12
>> R=1
R = ma tran trong lwong ciia bién diu vao
1
>> [k]=lgr(sys.a,sys.b,Q,R) : ma tran phén hdi tdi wu trang thai
4.6639 1.3147
>> rlgg=Iqgreg(kest,k) : mé hinh b$ diéu khién dung loc Kalman
a= b=0 c= d=0
xle x2e xle Xx2e
x1 e -13.91 -20 yl -4.664 -1.315

X2_e 39.56 -27.36

4.K¢ét luin

e -Thiét ké bo diéu khién sir dung khau quan sat Luenberger x4c dinh theo nguyén tic cho
trudc diém cuc, tuc 1a dya vao dang dap tmg cho trudec.

e -Thiét ké bo diéu khién sir dung khau quan sat Kalman xdc dinh theo cyc tiéu phiém ham
muc tiéu.

e -Khau quan sat trang thai Luenberger va Kalman khong lam thay do1i vi tri cac diém cuc cii
cia det sSl—A+BR =0, nd chi dua thém vao hé cac diém cuc méi la nghiém cuia
det sl —A+LC =0. Diéu nay cho thiy & hé tuyén tinh, vi¢c thiét ké bo diéu khién phin
héi tin hiéu ra cé thé dwgc coi la hai bai toan riéng biét gdm bai toan thiét ké b phan
hoi trang thai va bai toan thiet ke b quan sat trang thai (nguyén ly tach).
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3.4.7 Logi bé sai léch tinh bing b tién sir Iy

Loai bo sai léch tinh 1a van dé ma ngudi thiét ké rat quan tim. Ta thiy ring sai 1éch tinh van c6 thé
ton tai ngay ca khi hé kin 6n dinh. Nhit 14 d6i voi nhirng hé diéu khién phan hoi trang thai. Dé loai bo sai
léch tinh, thong thuong tién hanh mdt trong hai giai phap :

1)Tao cho hé hé c6 thanh phin tich phan. Giai phap nay thudng duoc ap dung cho hé SISO. Giai
phap nay tuy don gian nhung ¢ nguy co lam thay d6i vi tri cuc ciia hé théng tic 1am thay dbi chat luong
h¢ thong.

2)Sir dung thém b tién sir ly. Giai phap nay thuong ap dung cho hé MIMO, n6 thé hién 6 wu viét
ctia minh d6i v&i hé diéu khién duoc thiét ké theo phuong phap gan diém cuc.

Ta co6 bai toan nhu sau :

dx
. ‘. . — = AX+Bu
Gia sur ta ¢ doi tuong duoc mo ta : 4 dt
y=Cx+Du

Déi tuong duoc didu khién bai hoi tiép trang thai hodc tin hiéu ra .
H¢ thong c6 so do khoi nhu sau :

u X,hoac, y

|
|
|

v

POI TUONG bK

A

R

Ta c6 dugc bo tién st 1y V(s) dé loai bo sai 1éc tinh nhu sau :
V=[C BR-A T} x
{v =[C BRC-A 'T* Y
Vi du cho hé c6 dbi tuong dugc mo ta :

a=[010;001;-123] b=[0;0;1] |c=[100] |d=0 |pl=-3 |p2=-4 |p3=-5
a= b= c=

01 0 0 1 0 0 |D= |pl= |p2= |p3=
0 0 1 0
1 2 3 1 0| -3 -4 5

>> k=place(a,b,[pl p2 p3])
k =
59.0000 49.0000 15.0000
>> [a]=(a-b*k)
a=

0 1.0000 0

0 0 1.0000
-60.0000 -47.0000 -12.0000
>> [aa]=(b*k-a)
aa=

0 -1.0000 0

0 0 -1.0000
119.0000 96.0000 27.0000
>> [aaa]=inv(aa)
aaa =
0.8067 0.2269 0.0084
-1.0000 0 0

0 -1.0000 0
>> [cc]=(c*aaa)
cc=
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0.8067 0.2269 0.0084
>> [ccc]=(cc*b)
cce =
0.0084
>> [v]=inv(ccce)
V=
119.0000

>> [a]=(a-b*k)
a=

0 1.0000 0

0 0 1.0000
-60.0000 -47.0000 -12.0000
>> [sys]=ss(a,b,c,d)

a= b= c= d=

x1l x2 %3 ul x1 X2 x3 ul
x1 01 0 x1 0 yl 1 00 yl 0
x2 0 0 1 x2 0

x3 -60 -47 -12 x3 1

>> step(v*sys); hold
>> step(sys)

Step Response
T T

____________________________________

Time (sec)

Nhin vao dap tmg h(t) ta thdy khi chua c6 bo tién st 1y, gia tri xac 1ap 1a 0,02 (ttrc sai 1éch tinh qua 16n).
Khi ¢6 b tién sit Iy V tham gia ta théy gia tri xac 1ap 1a 0.97, do chinh xac da cai thién vugt bac.
ChU ¥ : bo tién sir 1y chi cai thién do sai 1éch tinh, con chat lwong dong hoc hé théng do bd phan hdi trang
thai quyét dinh.

3.4.8 Sir dung Matlab thiét ké bé diéu khién (State space )

1. Mo hinh khong gian trang thai

M5 ta hé tuyén tinh bang mé hinh khong gian trang thai nhu sau :
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Trong d6 x 14 véc to mo ta trang thai ( thong thudng 14 vi tri va téc do trong hé co khi); u 1a ham vo
hudng tin hiéu vao (thuong la lyc hodc mé men), y 1a tin hiéu ra v6 hudng. Ma trdn A (nxn); B(nx1);
C(1xn) x4c dinh quan hé giita trang thai va bién vao /ra. M6 hinh ¢6 duoc nhd n phuong trinh vi phan mo
ta dong hoc cua hé. Thong thuong mo hinh khong gian trang thai dung moé ta h¢ MIMO, trong vi du ta
nghién ctru hé SISO.

Pé gidi thidu phuong phap thiét ké khong gian trang thai, ta nghién ctru hé gdm bi treo bang lyc dién tir
nhu hinh v€. Dong dién chay trong cudn day tao ra lyc dién tu, can béng voi1 trong lyc cua vién bi.
Phuong trinh vi phdn m6 ta h¢ nhu sau :

Trong d6 h 1a chiéu cao cua vién bi, i la dong dién chay trong cudn day, v la dién ap ngudn, M 1a khdi
luong Viéq bi, g 1a gia toc trong truong, L 1a d§ tu cam, R 1a dién trd, k 1a hé s6 xac dinh luc tac dgng lén
vién bi. Bé don gian ta chon M=0.05Kg, K = 0.0001; L=0.1H; R=1ohm; g=9,81m/s®. Hé s& can bang khi

+2

K .
h= M—I . Chung ta tuyén tinh héa phuogn trinh tai h=0.01m (dong dién khoang 7 A), ta c6 :
g

Af
A= AR
Trang thai ctua hé c6 ba bién : Al

U la tin hi¢u vao, y la tin hi¢u ra ta c6 cadc ma tran

A=[01 O
980 0 -2.8
0 0 -100];
B =0
0
100];
C=[1 0 0];

Pé tim duoc cuc cua hé théng ta st dung Ié€nh sau :

poles = eig(A)
Két qua ta dugc
poles =
31.3050
-31.3050
-100.0000

C6 mdt nghiém ndm bén phai mat phang nén hé ho khong on dinh
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t=0:0.01:2;

u = 0*t;

x0 =[0.005 0 0];

[y.x] = Isim(A,B,C,0,u,t,x0);

h=x(:,2); %Delta-h is the output of interest

plot(t,h)

2107 Open—loop response to non—zero condition

Ball Position {m)

Tirne {sec. )
Nhu vdy khoang cach giita vién bi va cudn day ngay cang tién ra vo cung
2. Thiét ké bé diéu khién bang gdn cuc (pole placement)

Hé thong day du, bo didu khién duogc thiét ké bang phuong phap gan cuc ¢6 so dd nhu sau

+ W
R PAREY |
- y=Cx
il
K —

Twr cong thuce

4

o, = —

n
Tt

Trong d6

o Wn=Natural frequency (rad/sec)
e zeta=Damping ratio

e Tr=Rise time

e Mp=Maximum overshoot
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http://www.engin.umich.edu/group/ctm/extras/lsim.html
http://www.engin.umich.edu/group/ctm/extras/plot.html

Vi yéu cau chat lrgng hé thdng : Ts<0.5s;qua diéu chinh <5%; ta xac dinh duoc hé s6 suy giam phai 16n
hon 0.7 va tan so tuwnhién 16n hon 10 rad/s; Dya vao rlocus nhu hinh vé ta x4c dinh dugc vung thiét ké
va c6 thé chon ba diém cuc -50 va -10+/-10i va tir d6 ta tim véc to phan hoi trang thai k nhu sau :

pl =-10 + 10i;
p2 =-10 - 10i;
p3 = -50;

K = place(A,B,[pl p2 p3]);
lsim(A-B*K,B,C,0,u, t,x0);
Ta c6 quy dao nghi€ém so6 cua h¢ nhu sau :

Root Locus
200

180

100 -

Imaginary Axis
[=]

100 | £ : 4

—1en LoT : i

—=00 L L L L L L
-180 =100 -80 a =l 100 180 200
Real Axis

bép ting cua hé co6 :

Linear Sinmulation Results

Eall Position {m)

1 0.5 1 1.5 2
Tirne {zec. )

Do qua diéu chinh qué lon, (co thé do zé& ro gdy ra) ta chon lai cac diém cuc dich xang trai :

pl =-20 + 20i;
p2 =-20 - 20i;
p3 =-100;

K = place(A,B,[pl p2 p3));
Isim(A-B*K,B,C,0,u,t,x0);
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Linear Simulation Fesults

Ball Position (m)

o 0.5 1 1.5 =2
Tire {sec. )

3. Xdc dinh véc to KP ciia bé tién sit Iy (Introducing the reference input)

Bay gio, ta xac dinh dap Gmg hé thong voi tin hidu vao budc nhay nho :
t=0:0.01:2;
u = 0.001*ones(size(t));
Isim(A-B*K,B,C,0,u,t)

= 10 Cwsithiout

—-1.5} m

Biall Fosition {m)
m

[n} .5 1 1.5 2
Time {sec.)

Nhu vay h¢ théng bam tin hi¢u vao khong duogc tdt, ma chung ta khong thé léy tin hiéu ra bu cho tin hiéu
vao duoc bdi ta di do tit ca cac trang thai ctia hé thdng phan hoi tré vé théng qua véc to K. day khong
phai 1 nguyén nhan dé hy vong K*x gidng tin hiéu ra mong mudn. Dé khir van dé nay ta tim véc to Nbar
sao cho Nbar*u cin bang v6i K*x & trang thai xac 1ap. So d6 hé thong nhu sau :

— + ¥ .
R_... M ¥=Ax+BY¥ _’V-..
- y=Cz
A1
K —

Nbar=rscale(A,B,C,0,K)

Khao sat ta c6 két qua : Hé thong bam dau vao hop 1y.
Isim(A-B*K,B*Nbar,C,0,u,t)
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= Linear Simulation Fesults
= 10 itk Mioar )

Biall Pasition {m}
oo B
EY m a

o
it}
T
I

o

1 1.5 =2

Tirne (sec. )

o
el
in

4. Thiét ké bg quan sdt trang thdi (observer design)

Khi chiing ta khong thé do duoc tat ca cac trang thai cia hé (thong thuong 1a khong do dugc hét), ta c6
thé xay dung bd quan sat (observer) dé ude lugng chiang, khi chi do duge y=cx. D61 véi vi du ta co so do
khdi sau

+ u )
R - %=Ax+Bu ( ‘Vp.
L

K .
il ., ~ ﬁ - ?
“we| ¥=A¥+Bu+L(y-¥) 'f.» -

B0 quan sat (observer) co ban gidng dbi twong diéu khién, n6 c6 cing dau vao, phuong trinh vi phan gan
giong va dac biét no so sanh tin hi€u ra thyc do duoc véi tin hiéura ¥ ude luong, do 1a co sé udc luong
trang thai x gan giong vdi trang thai thuc. Sai s6 dong hoc ciia b quan sat duoc xac dinh bdi cuc cia (A-
L*C).

Dau tién ta can chon véc to khuyéch dai bd quan sat L. Yéu cau dong hoc ctia bd quan sat phai nhanh hon
hé thdng, can thiét it nhat cuc ctia nd xa vé bén trai nim lan so véi cuc cta hé thong. Nhu trong vi du, thi
ta phai chon :

opl =-100;
op2 =-101,
op3 =-102;

L = place(A',C',[opl op2 op3])’;
Két hop cé hé thong va by quan sat ta c6 sai sO trang thdi e = x - x va phdn hoi trang thai vé diéu khién la
u=-Kx . bién doi dai s phuong trinh sai s6, phan hoi va by quan st ta dugc ma tran hé thong :

At=[A-B*K B*K
zeros(size(A)) A-L*C];

Bt=[ B*Nbar
zeros(size(B))];

Ct=[ C zeros(size(C))];
Str dung 1énh sau dé xac dinh dap yng h¢ théng voi diéu kién dau khac khong, dau vao béng khong, voi
gia thiét didu kién dau bd quan sat bang khong, nhu vy sai s6 ban du chinh 1a diéu kién dau cia trang
thai hé thong.
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Isim(At,Bt,Ct,0,zeros(size(t)),t,[x0 x0])

Ta c6 dap trng cua hé nhu sau :
s Linear Simulation Fesults
210 {with observer)
[ T T T

Ball Position {m

0.5 1 1.5 2
Time {5ec.)

Al states zoomed in

1 1 1
1] 005 01 015 0z 025
Tirne {5ec.y

Puong xanh 14 cay lién 1a vi tri cua vién bi ah;
4 . r 9 A . J4 9. . A 7 .
Puong xanh 14 cay cham la vi tri cia vién bi dugc wdc lugng boi by quan sat ah
Puong xanh da troi lién ta toc do cua vién bi Ah
Ea

Duong xanh da trdi cham 14 toc do cua vién bi dugce uéc lugng bdi bd quan sat ah;

y Cn .
Duong dé va cham do 1a dong dién ai va ai .
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CAU HOI ON TAP VA BAI TAP CHUONG 3

a. Cau hoi on tap

Cau hoi 1: Ma tran va ing dung trong viéc xay dung mo hinh toan hoc trong khong gian trang thai.

Cau hoi 2: M6 ta viéc thiét 1ap mo hinh khong gian trang thai tir phwong trinh trang thai hé thong

Cau hoi 3: Méi quan hé giita md hinh ham truyén dat va mo hinh khong gian trang thai
Cau hoi 4: Mo ta dong hoc hé thong thong qua Quy dao trang thai

Cau hoi 5: Trinh bay nhiém vy co ban ciia bai toan phan tich hé¢ théng st dung mé hinh khong gian

trang thai

Cau hoi 6: Trinh bay bai toan phan tich tinh on dinh hé théng qua mo hinh khong gian trang thai

Cau hoi 7: Str dung md hinh khong gian trang thai phan tich tinh diéu khién duoc va quan sat dugc

ctia hé thong.

Cau hoi 8: Trinh bay bai toan thiét ké b dicu khién phan hoi trang thai bang huong phap gan diém

Cau hoi 12: Trinh bay bai toan diéu khién phan hdi tin hiéu ra bang bd quan sat LUENBERGER

Bai tap 1: Phan tich tinh diéu khién dugc va quan sat duoc cta hé c6 mo hinh khong gian trang thai

56
-9

cuc
Cau hoi 9: Trinh bay bai toan diéu khién tach kénh
Cau hoi 10: Trinh bay bai toan diéu khién phan hdi trang thai tdi uu.
Cau hoi 11: Trinh bay bai toan diéu khién bam bang phan hoi trang thai.
Cau hoi 13: Trinh bay bai toan diéu khién phan hdi tin hiéu ra bang bd quan sat KALMAN
Cau hoi 14: Trinh bay bai toan diéu khién ¢ sir dung b tién sir 1y loai bo sai 1éch tinh.
b. Bai tap
Ssau:
; 20 -25 0 0
a)d—i—(z 16 20 O(x+| 3 ju;va;y=0 3 -1x
3 4 1 -1
bap so
co = ob =
0 -75 0 0
3 60 0 45
1 13 28 -7
; 0 0 -2 0 1 Lo -1
b)—)—(= 1 0 —4(x+|1 2juvay= X
dt - 01 1]
01 -3 -1 1
Dap sb:
Cco = ob =
1
0 1 2 -2 -8 2 0
1 2 4 -3-14 2 0
-1 1 4 -1 -8 0 1
-1
1

Bai tap 2: Cho hé mo ta boi:
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0O 1 0 O 0
dx |0 0 1 O 0
— = X+| |u;va;y=1 10 10 O x+u
dt 0O 0 o0 1 0
-6 -k -11 -5 1
V61 k=40 hé c6 quan sat duoc hay khong
bép so:
ob = rank(ob)
1 10 10 0
0 1 10 10 ans =4
-60 -400 -109 -40
240 1540 40 91

Bai tip 3: Cho ddi tugng c6 mo hinh khong gian trang théi :

dx |0 1 0
== X+| |uva;y=0 1Xx
dt |4 O 1

a)Thiét ké bo phan hdi trang thai sao cho hé thong kin c6 hai diém cuc s, = -1;s, = -2
Papsé: k=6 3

b)Thiét ké bo quan sit LUENBERGER véi hai diém cuc cho trude 4, =—4; 4 ,=-5.
Dap s6: mo hinh by quan sat :

L= a= b= c= d=
6.0000 x1 x2 ul x1 x2 ul
9.0000 xl 0 -5 x1l 6 yl 0 1 yl 0
x2 4 -9 x2 9 y2 0
y3 0
Mo hinh bo diéu khién
a= b= c= d=
x1l x2 ul x1 x2 ul
x1 0 -5 x1 6 yl -6 -3 yl 0

X2 -2 -12 X2 9

c)Xay dung so do cau trac cua hé vdi hai bd dieu khién trén. Khao sat qua trinh qua do cua hé tiing

v6i hai bo diéu khién.
Bai tip 4: Cho d6i tugng c6 mo hinh:
dx |0 2 0
—== X+| |u
d |1 0| |1
Thiét ké bd diéu khién LQR sao cho hé thoa man phiém ham muc tiéu :

“ 2 1
Q:j X >_<+1u2 dt — min
; 3 5|7 4
Pap s6: k = [- 3.2361 -5.7397]
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CHUONG 4: PIEU KHIEN HE KHONG LIEN TUC

4.1 CONG CU TOAN HOQC
4.1.1 Day va chudi sé
1.Day 50
e -Dinh nghia : Mot tap con dém dugc gdm cac phan tir X, ;k =1,2... thuoc khong gian X, dugc

xap xép theo mot thr ty nhat dinh dwoc goi 14 day s6 va ky hiéu X,
e -Dé biéu dién day s ngudi ta c6 hai cach
e Sirdung anh xa K va c6 thé viét X, =1k
e Viét dudi dang diy cong : X, =X, +a véia la hang sb
e Viét dudi dang day nhan : x, =ax,,
2.Chuédi s6
e -Dinh nghia : Cho ddy s6 X, , chudi duoc hiéu 1a > X, . Va chudi ciing duoc hiéu la day
k=1
~ b n
s, voi mdiphdnti s, =Y X,
k=1
4.1.2 Todn tir Fourier khong kién tuc

Cho tin hidu x(t) va ddy X, ,k=0,1,2..N—-1véi moi phan tir X, =X KT, ;T :1a chu ky cit mau.

Thi anh Fourier cia x(t) la X jo = _[x t e )dt vaanhcua x, DFT (discrete Fourier transformation)

—00

N-1 )
dugc dinh nghianhusau: X jo ~ X, jo :Taz X, 8 1T
k=0

Ham X, jo duoc goi la anh Fourier khong lién tuc cia tin hiu x(t). gitta X jo & X, jo cb sy
sai 1éch anh. o

4.1.3 Phép bién doi Z thudn

1.Dinh nghia :

Tacoday xung X, .GoiX*(s)laanhLcua x,  thi:

X*(s)=> %" =) x27"=X(z)
par P

C6 anh X(z) voi z=e"" . Nhu vidy mdi phin tir x, 13 hé s6 anh cta X(z) véi mot bude tré tuong
ung.
2.Tinh chét : ¢6 13 tinh chat trang 377-378
e -Tinh tuyén tinh
e -phép dich trai : phép bién ddi z cuia mot chudi tré n budc
e -Phép dich phai : bién d6i z cua mdt chudi vuot trude n bude
e -anh cua tin hiéu tién
e -anh cua tin hiéu hui
4.1.4 Phép bién dbi Z nguoc
Dé thuc hién phép bién doi nguoc, ta co thé sir dung nhiéu cach, don gian nhat 1a ta dung phwong
phap bién d6i ngwgc ham hiru ty :
e -Phan tich ham thanh tong cac phan thirc ti gian
e -Tra bang anh dich vé thanh tong cac ham gbc co ban
e -Tinh téng cac ham gdc da tim duoc
Hoiic ta ding phwong phap phan tich chudi

Vidu: X(s)= 35_12= 3 + 2 > tra bang ta dugc ham anh
(s-2)° s-2 (s-2)
2_
X(z):3z 3,4222
(z-1,22)
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4.1.5 Quan hé giita todan tir Z va Laplace : trang 384-386

4.2 XAY DUNG MO HINH TOAN HQC

4.2.1 Khai niém hé khong lién tuc

1.Khdi niém hé khong lién tuc i
H¢ lién tuc kin co ban duogc thé hién nhu hinh v€. hau nhu tat ca cac bo dicu khién c6 thé st dung linh
kién ban dan tuong tu.

Continuous Controller

riy, o+ ugt) ¥t
— - — - D (s} i Plhnt

Y

Bo diéu khién lién tuc D(s) ¢ thé duoc thay thé bang bo diéu khién sb, nhu hinh duéi, chirc ning tuong
tu nhu bd di€u khién lién tuc. Sy khac nhau co ban ctia hai by diéu khién la hé thong sé lam vi¢c vdi tin
hi€u roi rac nhiéu hon tin hiu lién tuc.

Digital  ontroller
r--—---—-—-—-—-—-—- - - - - = = |
| |
® : + — uk) I ut) - ¥it)
r elk) . u ¥
——® AD —;{;.—p— ﬁtﬁﬂl - ﬂi‘lﬂﬁd L me|  Plant -
| B L
| * |
I Clock I
| ¥ilk) l |
I I .
| | Fit)
AD |-
| |
| |

Gidn do6 cua céac dang tin hi¢u trén thé hién nhu hinh vé

ﬁFL'_‘—LL ﬁTﬂ/ T
™ s

Fik) el k)

Muc dich ciia phin nay cho ta biét ham truyén dat, khong gian trang thai cta hé roi rac va thiét ké hé
thong so

2.Bé bién doi A/D (Analog-Digital)
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Bo A/D 14 bo chuyén ddi tin hiéu twong tu thanh tin hiéu sd. Vi du nhu tin hiéu vao dién ap dugc chuyén
thanh tin hiéu ra 1a so.

Bo A/D thyc hién ba chirc ning : ldy mau (luong tir hoa theo thoi gian), lwong tir hda theo mirc va ma hoa
thanh nhi phan.

3.Bo vi sie ly (G(7))

Bo vi sir 1y thyuc hién cac thuat toan nhu dich chuyén, cong, nhan, luu giir ... tao nén mot tin hiéu diéu
khi€n u, =au, , +a,u, , +..+a U, +be +be , +..+be _  voicic hé so a,b; cho ta dap tmg cua h¢
thong co6 chat lugng nhu mong muodn.

Chu ¥ thoi gian 14y mAu phai da 10n so voi thoi gian tinh u kt  (khoang 20 1an). Néu thoi gian 1dy mau

T qua 16n 1am hé mét on dinh, néu T qua bé thi thanh hé lién tuc

4.B6 chuyén doi D/A (Digital - analoq)

Bo chuyén doi sé - twong tu bién d6i chudi sé u(kT) thanh tin hiéu lién tuc u(t) dé diéu khién hé théng.

Pay chhinh 13 bo lru gitr bac khong, tin hiéu vao 1a chudi xung u(kT), tin hiéu ra 1a l](t)

5. BO luu git bac khong

Trong gian d6 ctia hé thong sb trén, ta thiy hé thong bao gdm ca rodi rac va mot phan lién tuc. Khi chung
ta thiét ké hé thong s0, ta can phai chuyén phan li€n tuc xang ro1 rac va phai danh gia dang vai tro cua nd
so vO1 phan roi rac cua h¢ thong. VE k¥ thuat, ching ta s€ xem xét h¢ thong va dugc bo tri nhu sau :

r- - - - - - - - - - = 1
| |
N GizZ) lLﬂ{) His) ﬂ|{ )
rit) el . I¥A and | wit) ¥it
— ™ aD _; @ | cpoion : ™ ol Flant :
RRLUNY | F
L
-4 |
I Clock
ydi)l i I
I
|
it |
I AD |- ¥it) |
|

Hzohiz)
r—-—- - - - - - - - - - - - - - = —
| . B |
udsy | ucy ALY I ¥k
I - v amdl — H2is) - AD —|—--I
I A A I
| |
! Clock !
| |

Pong ho duge ndi dén bo bién d6i D/A va A/D cung cap xung sau mdi thoi gian T, cac b A/D va D/A
gui tin hiéu khi xuat hi¢n xung. Muc dich 1a bd Hzenchi cho tin hi€u ra y(k) khi c6 tin hi¢u vao u(k), nhu
vay Hzon thuc su 1a mot ham roi rac

Chung ta can tim mot ham rdi rac Hzon(z) 1am viée vai tin hiéu uhat(t) va giit nguyén tin hiéu u(k) khi
chuyén tir KT xang (k+1)T thi Hzon(z) duoc goi 1a b luu gilr bac khong
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Samples ulk) and zero-order held signal uhat(t)

ca

T

R uhat(t)

amplitude
1
|
f
=

IR0 3

2 3
[T seC

B0 Iuu gilr bac khong Hzon(z) khi tin hi¢u uhat(t) di qua H2(s) cho tin hi¢u ra y(k) nhu u(t) qua H(s) cho

ra y(t)

- . &
H{Dk}l:n o 0 mjll_'_._‘ J"% 4 :'; "o
u} u]
P Dl el H2(s) ——~ A/D B
()

c — . ﬂ

V61 Hzoh(z), h¢ thé)ng duoc v€ lai nhu sau :

rik) e(k) uik) yik)

- - G(zZ) —w=| Hzohi{z) o

¥ik)

6.Cdc khai niém khdc

1.Luong tr hoa : la qué trinh bién d6i tin hiéu tir lién tuc thanh gian doan (continuous —
discrete)

2.Luong tir hoa theo thoi gian : 1 phuong phép lay tin hi¢u tai cac thoi diém nhat dinh.
Thong thudng cach nhau mot khoang thoi gian 1a chu ky cat mau.

3.Luong tir hoa theo muc : 1a phuong phép lay tin hidu ¢ cac mirc ma tin hiéu dat duoc.
Thong thuong cach nhau mét dai lugng q

4.H¢ xung s6 1a hé 1am viéc voi tin hidu xung )

5.Tin hi€u xung s6 : 1a tin hiéu duoc luong tir hoa ca theo murce va thoi gian.

6.Phan loai h¢ roi rac : tuy thudc vao dang lugng tir hoda ma h¢ roi rac dugce phan lam ba loai

-Hé xung : it nhit mot trong cac dai lugng dic trung cho trang thai cia hé dugc lugng tir hoa theo
thoi gian

-Hé ro le : it nhit c6 lam viéc véi tin hiéu duoc lrong tir hoa theo mirc

-H¢ xung s6 : Hé lam viéc véi tin hiéu dugc luong tir hod theo hon hop
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4.2.2 Mé hinh trong mién phirc

1.Day trong luwgng
Mot hé théng co6 tin hi¢u vao varala u, & y, voi T, 1a chu ky trich mau thi ta c6 thé viét :

K
Yy = Z O,_nU,; 0, :laday trong lwgng thu duoc bang cach trich mau g(t)
m=0

G s =gt)=e"' -

- 1+2s 1+s
vi du cho

k k
Tk 05T,k _ _ T, (k=m)  —0.5T, (k-m
=0, =¢€ —e =Y, = E gk—mum_z [e ( )_e ( ):'um
m=0 m=0

2.M6 hinh ham truyén dat TF (transfer function)
1.M6 hinh ham truyén dat dwec xay dung theo dinh nghia :

e Theo dinh nghia, mot diy xung {xx} c6 anh laplace : X*(s) = z X, e

e Ham truyén dat cta hé roi rac mé ta theo toan tir laplace : G*(s) = Y*(s)/U*(s)
e Nhu vay mudn tim dugc G* ta phai tim duoc anh Y* cua diy xung {yk} va X* clia {xy}
e Va dé xay dung duoc md hinh nay ta phai biét truéc duge tin hiéu vao va dap Gmg ra cia hé
thong
e Sir dung cong thire z=¢*¥" thay vao G*(s) = Y*(s)/U*(s) ta c6 G(2)=Y(2)/U(2)
viy Ham truyén dat G(2)=Y(z)/U(z) : la ty sé dnh z ciia tin hi¢u ra {y\} va tin hiéu vio {ui}
2. HTD xiy dung tir phuwong trinh sai phan
Ttr phuong trinh sai phan : sir dung phép dich ctia phép bién doi z
Yk ¢6 anh Y(z) thi yk.1 c6 anh z1Y(z)
Yinco anh z"Y(z) twong tu ta s& c6 ham truyén khong lién tuc
G(@) =[bo + b1zt +... + bnz™/[a0 + @17t + ...+ 2z
3-Xdc dinh HTD khi biét trwgc HTD lién tuc G(s) :
phan tich G(s) thanh téng tuyén tinh ctia nhitng thanh phan don gian

G(s) = >.a,G,(9)

Tra bang anh dé c6 aiGi(z) tir d6 tinh dugc G(z)

4-Xac dinh ham truyén dat ciia hé cé bd lwu giir bic 0 ZOH:

Hé xung s6 thuong lam viéc v6i may tinh nén phai co6 bd luu gitr bic khong ZOH (zero order
holding) boi trong khoang thoi gian cta chu ky cat miu Ts mdy tinh lam viéc véi tin hiéu khong ddi. Ta
¢6 so d6 nhu sau :

—— G0 {660 —"—>

u(t) {Ud u(t) y(t) Yk

u(t) : tin hiéu vao
{Ux} : tin hiéu khong lién tuc dugc hugng tur hoa
U(t) : tin hi€u lién tuc roi rac
Y(t) tin hi¢u ra lién tuc
{Y} tin hiéu ra roi rac
Gzon(S)=[1- €™)/s do @6 HTD lién tyc 1a G*(s)=[1- €°"°] G(s)/s
HTD roi rac G(z) = [1-2'] Z[ G(5)/s]

e Ngoaira ta con thu dugc cdc mo hinh roi rac khac do dang xung
5.Céc dang biéu dién ciia mé hinh

e 1).md hinh TF (transfer function) :

e 2).M6b hinh ZPK (zero pole gain)

e 3).M06 hinh DSP(digital signal processing)
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oo 2t _ 1 9

= _
vi du 4.14 : cho hé c6 S+3s+2 s+2 5+12
L 9z 272 -0.9

= —+ =

z-08 z-09 2?°-17z+0.72
3.Dai s0 so do khoi h¢ khong lién tuc
1.Hai khoi ndi ti€p

N G1(s) L, G2(s) -, ] Gl1(s) | G2(s) -

A

u(t) Uk X(t) X« yit) W ult)  uk X(t)
y) W
o G(2)=L{G1(s)} L{G2(s)} G(2)=L{G1(s)G2(s)}
2.Hai khoi méic song song
R G1(s)
J_ _>
R G2(s)
G(2)= G1(z) + G2(2)
3.H¢ hoi tiép
SN Gl1(s) - ) G1(s) -
G2s) |, G2(s)
G(2)=[L{G1())/[1+L{G1(s)}L{G2(s)}] G(@2)=[L{G1(s))/[1+L{G1(s)G2(s)}]

4.2.3Mb hinh trong mién thoi gian

1.Phwong trinh sai phan
Mot hé thong duge mo ta boi
e -Déy xung {yx}la ddy xung tin hi¢u ra
o -{ux} 1a diy xung tin hiéu vao véi t=kT, ta c6 phuong trinh mé ta dong hoc ciia hé théng
nhu sau :
Yic+ a1 Y1 T ...t @n Yien = Do Uk + D1 Uia +... + b Uien
Do 1a phuong trinh sai phan. phuong trinh nay dung dé moé ta hé xung s6 . N6 cho phép ta xac dinh

n
duoc gia tri y, tai thoi diém t =T,k theo cong thirc truy hdi sau : y, =byu, + Z:(b,uk_i -a,y,;) tuntl gia
i=1
tri vao va n gia tri ra trudc nod
2.Mé hinh trang théi
Xét mot hé théng MIMO c6 dang tin hi€u vao dang lién tuc roi rac nhu hinh 4.14 va tin hi¢u ra dang
khong lién tuc. HE théng nay co thé duoc md ta boi mod hinh lién tuc hodc mo hinh khong lién tuc nhu
hinh 4.15 trang 398

dx ~
. —=AX+BO " ..
-M6 hinh lién tuc : < dt ;VOI; U (t) : 1a tin hi€éu vao dang lién tuc roi rac

y=Cx+Dd
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X, = Ax, +Bu
-M& hinh khéng lién tuc : { " 7 7

y =Cx + Dy,
Mb hinh nay ta c6 thé trién khai thanh dang chinh tic vé6i diéu khién nhu sau :
Dé don gian ta chon by =1b =b, =b, =..b =0

X, K =y Kk

s .. X, K =y k+1 =x k+1 =x, k
Va bién trang thai ta chon :

X, k+1 =y k+n-1 =x,, k+1 =x, k

Tur day ta c6 thé xac dinh dugc cac ma trdn cua mo hinh dudi dang chinh tac doi véi dicu khién :

[0 1 . 0
0 0O . O
A=
__an _an—l _ai
0
0
@ —
11
€=10 .0
B=0
Trién khai dudi dang so dd khdi nhu sau :
UK)  Xn(k+l) Xn(k) Xn-1(K) Xa(K) Xa(k)
T : T ........... > T : T :
A
A 4 A 4 A 4 A 4
a, A, Ay a,

)

A

-Céac phuong phép tinh cac ma tran ctia mo hinh khong lién tuc tir m6 hinh lién tuc :
Ta

+Theo dinh nghia : A=e":B = .[eAtht
0

+Theo mé hinh xap xi :

1)M6 hinh loai 1 : thay ax ~ Xk*fl__ % ;S= Z_I__l vao mod hinh lién tuc dé tinh mé hinh khong lién tuc
trong Matlab dung 1énh a )
2)MO6 hinh loai 2: thay % ~ & __I_Xk‘l ;S = %I'_Z vao mo hinh lién tyc dé tinh mé hinh khong lién tuc
trong Matlab dung 1énh ) )
2(z-1)

3)M0 hinh Tustin thay s=
T.(z+))

Matlab dung Iénh

vao md hinh lién tyc dé tinh mé hinh khong lién tyc. trong
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-Khai béo trong Matlab : sys=ss(A,B,C,D,T)

-1 0 1
Vidu : cho mo hinh lién tuc X = X+ |at);y=1 1 x.
d |0 -2 1

Tinh m6 hinh khong lién tuc :

a=[-10:0 -2] >> b=[1:1] >> ¢=[11] >> d=0
a= b= c= =

-1 0 1 1 1 0

0 -2 1

>> [A,B,C,D]=c2dm(a,b,c,d,0.1)

A= B= C= D
0.9048 0 0.0952 1 1
0 0.8187 0.0906

o |

4.2.4 Chuyén doi mé hinh khong lién tuc ciia hé SISO
1.Chuyeén tir mé hinh trang thai sang HTD

Xk+l = AXk +Duk

Muén chuyén mé hinh tir dang { xang md hinh ham truyén dat duoc lién hé boi

y=c"% +du,
Y z ~ -1 ~
cong thirc sau: G z =U =c z1-A b+d
z

2.Chuyén tir mé hinh HTD sang md hinh trang thai i
Dung cong thirc ha bac dé tinh mo hinh trang thai dang chuan quan sat

4.3 PHAN TIiCH HE KHONG LIEN TUC

4.3.1 Phén tich tinh én dinh

Dé danh gia tinh 6n dinh cua hé ta c6 rat nhiéu cac tiéu chudn vé tan sb ciing nhu dai s6. Trong gidi
han chuong trinh ta chi xét hai tiéu chuén dai s6 : d6 1a lap ban dd phan bd nghiém cua da thirc dac trung,
sau do xét vi tri nghiém va chuyén tir mién anh Z cta hé gian doan xang mién anh P cta hé lién tuc sau d6
dung céc ti€u chuén cta hé lién tuc dé xét.

1. Phan tich nghiém cia da thirc diic trung trén mit phing Z va dung quy dao nghiém sé danh
gia tinh 6n dinh ctia hé thong

+H¢ MIMO c6 tin hi€u vao lién tuc roi rac va tin hi€u ra dang roi rac véi md hinh khdng gian trang
thai. Hé s& 6n dinh khi tt ca cAc gia tri riéng ctia ma tran A nam bén trong dudng tron don vi. Co nghia la
det(zl-A) =0 c6 nghiém nam trong dudng tron don vi

+H¢ SISO c6 tin hiéu vao ra khong lién tuc véi ham tmyén G(z). hé¢ sé on dinh khi tit ca cac diém
cuc nam bén trong duong tron don vi

+Dung Matlab dé xét nghiém :

-Mb ta hé thong

-Tim nghiém bang 1énh Root(sys)

+Dung Matlab xay dung quy dao nghiém sé dé phan tich tinh 6n dinh ctia hé nhur hé lién tuc

2.SWr dung céc tiéu chuén on dinh ciia hé lién tuc :

Chuyén tir anh Z xang P : Z=(p+1)/(p-1) : phép chuyén doi tir mot diém Z nam trong dudng tron
doin vi thanh mot diém P nam bén trai truc 40. A(z)=ag + a1z +...+ anz c6 nghiém trong dudng tron don
vi khi

(p-1)"A*(p)= a0 (p-1)" +az(p-1)"* (p+1) +az(p-1)"? (p+1)*+...+an(p+1)" c6 nghiém nim bén trai mat
phing phirc. Ding cac 1énh Matlab nhu sau :

-Nhap da thuc A(z)

-Thay bién z bang bién p : subs(A, {z},{p})
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-B1en d6i bang expand
-Lay tir va mau : numden(k)
-Dung tiéu chudn routh xét on dinh ddi véi tir s6
4.3.2 Tinh diéu khién dwoc va quan sat duoc
1.Phén tich tinh di€u khién dugc
. e X = AXHBU N -
Cho hé dugc mo ta : véi tin hi€u vao dang lién tuc roirac G(t) . HE dugc goi la :
y =Cx, +Du,

-Piéu khién dwore : néu Gng véi moi diém trang thai dau cho trude ta cling tim dugc diy gom N gid
tri tin hiu [uo ... Un.1] tin hi€u vao dé dua hé tir X vé goc toa do

-Pat téi dwoc : néu ing v4i moi diém trang thai cuol Xn cho trude bao gid ta ciing timdugc diy gdm
N gié tri tin hi¢u [up ... U] tin hi¢u vao dé dua hé tu goc toa do to1 duogc xp

-Piéu khién dwoc hoan toan : néu ung vo1 moi diém trang thai dau va moi diém trang thai cudi xp
cho trude ta ciing tim duoc diy gdm N gid tri tin hiéu [up ... U] tin hiéu vao dé dwa hé tir Xo vé toi xp. €O
nghia rang hé phai c6 tinh diéu khién duoc va dat toi duge

-Ma trén diéu khién dwgc (controllabiliti matrix) ctia hé ¢ n trang thai :

Co=[BABAB .. A™B]

dé tinh duoc Co ta dung 1énh Co = ctrb(A,B) hodc Co = ctrb(sys) . néu Co ¢ hang day di nhu ma
tran hé thong thi hé diéu khién duoc hoan toan.

-kiém tra diéu kién tinh diéu khién duoc hoan toan 13 hang ctia Co ¢ bang n hay khong. néu bang
thi hé diéu khién duoc hoan toan. thuc hién nho 1énh rank(Co)=n

2.Phan tich tinh quan sat dwgc

-Gia sir tai thoi diém k=0 hé dang ¢ trang thai xo ndo d6. Néu thong qua viéc quan sat(do) céac tin
hiéu vao ra trong mot khoang thoi gian hiru han ta xac dinh dugc trang thai xo thi hé dugc goi la quan sat
duoc

-DN: H¢ v6i bac n duoc goi 1a uan sat dugc néu diém trang thai x, cua no cos thé xac dinh mot cach
chinh xac thong qua hiru han cac gia ttri tin hi€u vao ra [ug ... Una] , [Yo ... Yn-1]

-Ma tran quan sat dugc ctuia hé bac n (observabiliti matrix) Ob = [C;CA; ... ; CA”'l]

-Néu ma tran Ob c6 hang dy di(=n) nhu ma trdn hé thong thi hé quan sat duoc hoan toan

-Dé tinh ma tran Ob (Observability matrix) ta dung 1énh Ob=obsv(A,C)

-Dé kiém tra hang ma tran ta dung 1énh Rank(Ob)

4.3.3 Phén tich chit lwong hé thong trong qud trinh qud d

1.Ché dd xac lap

Viéc danh gia sai s6 x4c 1ap cta hé xung tuy thudc vao vi tri cta cac bo ldy mau. O day ta giéi han
viéc khao sat v&i co cu léy mau dat trude khau so sanh.

Ta c6 so d6 nhu sau :

—+
[

=
[¢»]

=
)
—+

RANZERG

Lc
I T

()

-

w

v

(@)

»

u t :tin hiéu vao

e, = U, — Y, :tin hiéu khong lién tuc duoc lugng tir hoa
G t :tin hi€u lién tuc roi rac

y t :tin hiéu ra li€n tuc

Y, :tin hiéu ra roirac
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1_ —Ts ) . 1_ —Ts
Gy S = ® _ do d6 ta co HTD lién tuce G s = ©
S S

P Gs
Gz =1- O
s

Chudi uk c6 anh U(z), yk ¢6 anh Y(z) chuyén qua mién z ta c6 so d6 khoi nhu sau :

G s vay HTD dang roi rac :

v

G(z)

Chung ta co thé tinh toan sai s6 ¢ trang thai xac 1ap nho sir dung dinh 1y gia tri cudi ( dinh 1y chi ing dung
cho mau s6 khdng c6 cuc ¢ bén phai mat phang phtrc). :

e lim 1-z* Uz
0 = -
Im 14G 2
Vi cac dang tin hi¢u dau vao khac nhau ta co cong thuc tinh :

e Step Input R(t)=1(t) (R(s) = 1/s):

e o =|jm1-z" U 2 =i L = ! _ L
!H‘ 1+G z !m 1+G z 1+]imG z 1+k,

z—>1

e Ramp Input R(t)=t ; (R(s) = 1/s"2):

1+G z 7051 1+G z T 201

z—>1

Tz
N . U z . /z—l2 .
e" o =|im 1-z" ( J=||m 1-zv | £4—— =i||m 1-z2 G z

e Parabolic Input R(t)=t"2/2 (R(s) = 1/s"3):

T?z z+1 .z
5> 5173 Ta co ket
1

e” =|!£p 1—z71 [15622 J:Um 1—z 16 3 T2 |!£p z-1°G z
qua sau :
Kp=limG(z) Kv=(L/T)lim(z-1)G(2)|Kv=(1/T?)lim(z-1)* G(2)
x(t)=1(t) 1/(1+kp) 0 0
X(t)=t VC 1/kv 0
X(t)=t’/2 Ve Ve 1/ka

Phan tinh sai s6 c6 chuong trinh tinh sau

2.Qua trinh qua d¢

Céc tiéu chuan danh gla chat luong cua hé & qué trinh qua do giébng nhur hé lién tyc.

Qua trinh qua d9 1a giai doan hé thong dang chuyén doi tir trang thai cii xang mdt trang thai méi

mong muon.
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Ché dd xac 1ap 1a ché d6 ma hé thng d3 dat dugc trang thai méi mong mudn.

Thong s6 (chi tiéu) ciia qué trinh qua d6 duogc thé hién rd nét qua hai ddc tinh : ham qua d¢ h(t) va
ham trong lwgng g(t). Dua vao hai dic tinh nay ta tim céc chi ti€u chat luforng nhu :
 Thoi gian gitr chdm Tq : dugc dinh nghla la tir thoi diém hé thng bi kich thich dén thoi diém

hé thong dat 50% gia tri trang thai mGi mong mudn

 Thoi gian tang T; : duoc dinh nghia 1a tir thoi diém hé thong dat 10% dén thoi diém hé théng

dat 90% gia tri trang thai méi mong muon.

e Do quéa diéu chinh denta 5% = LI h —h, —X_——=100%

o0

e Thoi gian qua do Ts : duoc dinh nghia 14 tir thoi diém hé thong nam trong khoang + 5% gié

tri xac lap
e Va h¢ thong khi bi xung né tro vé trang thai dau hay khong.

Step Response

denta h
+5%
1 “, o

Apnplitude

| Td

Trnze

i} : | [ H 1 | 1

o 0.z 0.4 0.6 0.5 1
Time (sec)

4.4 THIET KE BO PIEU KHIEN

4.4.1 Chon tham §5’ cho bo PID gé'
1.CAu tric bd diéu khién PID sb

Pé xic dinh cau tric bd PID s6 ta cin c tr phuong

' de t .
ut)=k,jet + 1 Ie T dr+T, T} ta su dung mdt trong ba loai m6 hinh xap xi ta thu dugc mé hinh

i0
ctia bd PID s6 :
—€
1)Loail : u, = ek+—Ze + T -
| i=0

a

[dencz,numcz]:Cde([l 0],[Kd Kp K|],Ts,'zoh');

st dung 1énh Matlab

2)Loai2: u, =|e +2 Z e + T 2% L 1 s dung 1énh Matlab
| i=1

a

[dencz,numcz]:Cde([l 0],[Kd Kp K|],Ts, foh");

: ke & —¢€
3)Loai3:u =|e + Z C - X
||l T

a

[dencz,numcz]=c2dm([1 0],[Kd Kp Ki], Ts,'tustin’);

st dung 1énh Matlab
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Mubn st dung cac 1énh ndy ta phai chuyén R s = K, {1+% +TDSJ thanh
|
1
K, +&+KDS=—K]§ B+ By
5 5

Vi ki=kp/Ti; kD=kp*TD

2.X4c dinh tham s6 bd PID

Tuong tu nhu lién tuc ta c6 thé xac dinh cac tham sb cua bd diéu khién tir dudng cong qua do hoic
tur gia tri to1 han.

+X4c dinh tir duong cong qua do h(t). gia st dbi tuong diéu khién c6 ham qua do nhu hinh 4.20
trang 421

-Xac dinh tir L néu T/L<12 thi L/5<T, <L/2

Xéc dinh t T T, <
10

. T 0 T 0 7 A 3 ~ 3 7 A A A
-Xac dinh tor Ty, :;—50/° <T, < % Noi chung néu thoa mén T, <2L thi c6 thé chon tham s6 b
PID nhu sau

4.4.2 Thiét ké bo diéu khién trong khong gian trang thai

4.4.2.1 Bé didu khién phdn héi trang thdi gin diém cuc
1.Bai toan :

Xk =Fx k-1 +G¢, k-1

y k-1 =Hx k-1 +J¢5, k-1

Yéu cau thiét ké bo diéu khién c6 chét lugng cho trudce thoa man cé cac vi tri cuc cho trudc. Diéu
Xl

nay c6 nghia ta phai tim dwgc mot luat diéu khién : u=-KX =— KK,.. | X, dé hé thdéng c6 cac diém

Cho hé ¢6 m6 hinh : {

cuc trung voi cac di€m cuc cho trudc (chat lugng hé thong théa man yéu cau).

R+ % | xK)=Fx(k-D+Gék-1) Y

] _ yik-1)=Hx(k-1)+ J&4k-1)

xk-1)

K |[{—|

Dé giai quyét bai toan trén, trudc hét ta co so dd nhu hinh v&

_ ) X(K)=FX(k-1)+G(5, k-1 —KX(k-1))
Phén tich theo sai phan Iui ta c6
X(k)=(F-KG)X(k-1)+Go, k-1

Tur day ta xdc dinh dugc phuong trinh dic trung cua hé da c6 véc to K 1a : det|zl — F +Gk|=0 phai

c¢6 nghiém tring véi diém cuc cho trudc.

Nhu vay bai toan dua vé viée xac dinh k, dé co nghiém z, mong mudn.

Viée thém véc to K vao mach hoi tiép lam thay ddi dai luong ri€éng ctia ma tran F bﬁng cac dai
luong riéng cua ma tran F-GK

2.Giai bai toan

Ta c6 thé sir dung phuong phap Ackerman dé thiét ké bo diéu khién. Phuong phap giai quyét bai
toan thong qua vi du sau :
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Cho hé lién tuc dugc mo ta nhu sau :

Sau khi chuyén qua gian doan ta c6 :

X, Kk
k =1
=iy

Véi T=01.s, sir dung céac 1énh Matlab ta c6 két qua nhu sau :
>> f=[10.1;0 1]
f=

1.0000 0.1000
0 1.0000

>> =[0.172/2;0.1]
g =

0.0050
0.1000

>> 71=0.8+j*0.25
z1=
0.8000 + 0.2500i
>> 72=0.8-j*0.25
72 =
0.8000 - 0.2500i
>> k=place(f,g,[z1 z2])
k=

10.2500 3.4875
k
u=-10 35 {Xl }
X, Kk

4.4.2.2 Bb diéu khién cé bo quan sdt trang thdi

Dé tong hop duge bd diéu khién phan hoi trang thai nhur bai toan trén, ta phai hiéu rd d6i tugng didu
khién, co nghia phai xéc dinh dugc tit ca cac trang thai ctia hé. Trong truong hop ¢ nhitng trang thai ta
khong do duoc thi ta sir dung phuwong phap udc lwong toan bo trang thai theo dai lugng do dugc dbi véi
mot trong cac thanh phan trang thai.

Bo quan sat kinh dién 1 str dung mot mo hinh twong duong véi dbi tugng didu khién va mot ma
tran L phan hdi sai léch gitra tin hi¢u ra that ctia hé théng va tin hi€u ra quan sat, ma tran L ndy c6 nhiém
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vu hiéu chinh dic tinh ciia mé hinh twong duong phu hop voi dic tinh cia dbi twong that. c6 nghia 13 phai
lam sao giam sai 1¢ch quan sat.

Uy

1.Bai toan :
Cho hé théng dugc mo ta nhu hinh vé. Ta phai thiét ké bo quan sat co diém cuc cua hé théng cho
trudc
2.Giai bai toan i )
Tu so do khoi ta c6 thé viét phuong trinh trang thdi cua by quan sit nhu sau
{% k =Fx k-1 +Gu k-1 +Le k-1

y k=1 =Hx k-1 +Ju k-1
Vi sai lach quan sat : e=y—y=H [x—ﬂ
Ta c6 phuong trinh trang thai mdi ctiia bo quan sat

~ N u k-1
Xk =(F-LH)x k-1 + G-LJ L[ }

y k-1
S k1 hodc mo hinh ctia bd quan sat dugc mo ta dudi dang :
- HI
¥ =‘ x k-1
x k=1 |1
Xk =Fx k=1 +L y k-1 —Hx k-1
y k=1| [H|~
)A/ =‘ X k-1
x k=1 |1

Pé giai quyét bai toan ta dung phuong phap Ackerman dé thiét ké bo quan sat tire xac dinh ma
tran quan sat L.

Phuwong phap thong qua vi du sau :
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&Hﬁ{i}}{:ﬂ{ﬂu
S

yk =1 O{Xik}
X, K

Véi T=01.s, sir dung céac 1énh Matlab ta c6 két qua nhu sau :
sys=ss([1 0.1;0 1],[0.1"2/2;0.1],[1 0],0,0.1)
a=
x1l x2
x1 101
x2 0 1
b=
ul
x1 0.005
x2 0.1
c=
x1 x2
yl 10

Cho hé lién tuc dugc mo ta nhu sau :

Sau khi chuyén qua gian doan ta c6 :

d=
ul

yl 0
>>71=0.8+j*0.25
z1=

0.8000 + 0.2500i
>> 72=0.8-j*0.25
22 =

0.8000 - 0.2500i
>> pol=3*real(z1l)+imag(z1)/3*i
pol =

2.4000 + 0.0833i
>> po2=3*real(z2)+imag(z2)/3*i
po2 =

2.4000 - 0.0833i
>> |=place(sys.a',sys.c',[pol po2])'
L=

-2.8000

19.6694
Tir day ta tinh md hinh by quan sat bang Iénh estim nhu sau :
est=estim(sys,L.)
a=

x1 X2

x1 38 0.1

x2 -19.67 1
b=

ul
x1l -2.8
x2 19.67
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4.4.3 Sir dung Matlab thiét ké bé diéu khién

1. Chuyén doi ham truyén dat ti lién tuc sang roi rac
Gia sur ta co ham truyén dat hé lién tuc nhu sau :

X(s) 1
Fis) Ms® +bs+k

e M=1kg
e b=10N.s/m
e k=20N/m
e F(5)=1

Gia str tan sb giai thong hé kin 16n hon 1 rad/s, chon thoi gian cit mau T =1/100s ta tao file trong Matlab
nhu sau :

M=1,
b=10;
k=20;
num=[1];
den=[M b k];
Ts=1/100;
[numDz,denDz]=c2dm(num,den, Ts,'zoh’)
Chay chuong trinh, ta c6 ham truyén dat ro1 rac cia hé nhu sau :
numDz =
1.0e-04 *
0 0.4837 0.4678
denDz =
1.0000 -1.9029 0.9048

X(z) 0.0001(0.4837z +0.4678)
Fiz) 22 _1.9029z +0.9048

2. Chuyén déi mé hinh khong gian trang thdi

Ta c6 mo hinh khong gian trang thai hé lién tuc nhu sau :
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L o
y -1 D]H+[DIF]

Tao file trong Matlab nhu sau :

M=1;
b=10;
k=20;
A=[0 1;
-k/IM  -b/M];
B=[ 0;
1/MJ;
C=[10];
D=[0];
Ts=1/100;
[F,G,H,J] =c2dm (A,B,C,D,Ts,'zoh)
F=
0.9990 0.0095
-0.1903 0.9039
G=
0.0000
0.0095
H=10
J=0

M6 hinh khéng gian trang thadi rdi rac cua hé

x(k)] [0.9990 0.0095[x(k—-1) 0
ol o)l nshe
vik)| |-0.1903 0.9039 || vik-1)| [0.0005

]+[uIF(k-1)]

x(k-1)

kK-1)=|1 0
o - ]L(k—l]

3.Ding ban dé cwcPhin tich chit lwong hé thong

Déi v6i hé lién tuc, vi tri cuc trén mat phéng S cho ta biét hanh vi cia hé théng. dbi v6i hé roi rac ta cling
biét chat lugng h¢ thong thong qua vi tri cuc trén mat phang Z. Mat phing Z c6 thé thay thé mat phang S
thong qua biéu thirc

T
z=¢'

e T = thdi gian cit mAu (sec/sample)
e s =vitri trong mdt phang s

e z=vitritrong mat phang z

Hinh dudi thé hién ban d6 hé s suy giam zeta va tin sb ty nhién Wn trén mat phang Z
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Matural frequency and damping loci in 2-plane

W= . .::. .

Trén mat phang Z hé ¢ bién gidi 6n dinh néu c6 mdt di€m cuc nam trén dudng tron don vi, 6n dinh néu
tat ca nam trong duong tron, khong 6n dinh néu c6 mdt nghi¢ém ndm ngoai duong tron don vi.

Phén tich tinh khéng nhay bac cua dap Gng tir vi tri cuc trén mét phang Z , ta ¢6 thé ap dung ba cong thirc
tinh cua h¢ lién tuc nhu sau :

Trong do6 :

e zeta=hé sb suy gidm

e Wn=tan sb tu nhién (rad/sec)
e Ts=thoi gian qua do

e Tr=thoi gian tang

e Mp = d6 qué diéu chinh max

Gia st ta c6 ham truyén dat

Y(z) 1
Fiz) 2z°-0.3z+0.5

Tao file va chay chuong trinh, ta ¢6 hé s suy gidm va tan so tu nhién :

numDz=[1];
denDz=[1 -0.3 0.5];
pzmap(numDz,denDz)
axis([-11-11))

zgrid
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Pole locations in z-plane

Imag &xis (z)
[}

Real &xis (z)

Tir ban d6 ta thay vi tri diém cuc xdp xi & tan s6 9pi/20T (rad/sample) va hé sb suy giam 0.25. Gia sir ta
c6 thoi gian cit mau 1/20s (diéu d6 dan toi Wn=28.2rad/s), str dung cong thic trén ta xac dinh Tr=0.6s;
Ts=0.65s va qua diéu chinh Max = 45%. Diéu niy ta c6 thé kiém tra lai nho dép tmg qua do ciia hé thong
qua doan lénh sau :

[X] = dstep (numDz,denDz,51);
t =0:0.05:2.5;
stairs (t,x)

Stairstep Response
14 . .

—_
ra
T

—_
T

Amplitude
[} [} [}
= fas i

=
ra

|:| 1 1 1
0 0.5 1 1.3 2 2.3
Titne (sec)

Nhu vay, ta co thé st dung ban dd vi tri cac diém cuc va ba cong thuic trén dé phan tich chét luong hé &
ché do qua do

Ding quy dao nghiém sb roi rac xac dinh hé s6 Kb

Quy dao nghiém sb 1a quy tich cac diém nghiém cua phuong trinh dic tinh khi c6 mot hé s6 khuyéch dai
dugc thay doi tr khong ra vo cung. Phuong trinh ddc tinh cua hé kin nhu sau :

1+ KG(2)Hzoh(z) =0

G(z) 12 bd bu ctia bd didu khién Hzoh(z) 1a ham truyén cia di tugng diéu khién
Gia str ta c6 hé thong:
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Yiz) z-0.3
Fiz) 2°-16z+0.7

Yéu cau x4c dinh hé sb khuyéch dai K sao cho hé ¢ chit luong 1a hé $6 suy giam 16n hon 0.6; tan sb tu
nhién 16n hon 0.4 rad/sample (tir day a c6 thé sir dung cac cong thurc trén d€ xac dinh thoi gian cat mau ).
Vit trong Matlab nhu sau :

numDz=[1 -0.3];
denDz=[1-1.6 0.7];
rlocus (numDz,denDz)
axis ([-11-11])
zeta=0.4;

Wn=0.3;

zgrid (zeta,Wn)

Discrete Root-Locus with zgrid {zeta,Wh)

Constant £ = 0.4-—-3

I:::unstant W =10, 3——~>

Irnagy Axis

Feal Axis

Dua vao hinh v&, ta c¢6 thé thay rd hé thong on dinh vi tit ca cac diém cuc déu nim phia trong duong tron
don vi. hai duong nét chim 1a duong h¢ sO suy giam va tén sd tu nhién. Tan sé ty nhién 16n hon 0.3 nim
ngoai duong cham vung c6 h¢ s6 suy giam 16n hon 0.4 nam trong duong chdm. trong vi du ta c6 dudng
quy dao nghiém nam trong ving thiét ké. Do vay ta c6 thé chon K tir mot trong cic quy tich trén déu thoa
mén yéu cau thiét ké.
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CAU HOI ON TAP VA BAI TAP CHUONG 4

a. Cau hdi on tap

Cau hoi 1: Khai niém vé hé théng khong lién tuc va ciu trac chung cia né

Cau hoi 2: Trinh by phuong phap md ta khong lién tuc mot hé thdng diéu khién bang diy trong
luong

Cau hoi 3: M0 ta todn hoc hé khong lién tuc & dang phuong trinh sai phén

Cau hoi 4: M6 hinh khong gian trang thai cia hé khong lién tuc, cho vi du

Cau hoi 5: Khai niém vé phép bién doi Z va ung dung trong viéc md ta va phan tich hé thong
khong lién tuc

Cau hoi 6: Néu cac tinh chat cua phép bién d6i Z

Cau hoi 7: Trinh bay vé mé hinh ham truyén dat ctia hé khong lién tuc

Cau hoi 8: Pai s6 so d6 khdi hé khong lién tuc

Cau hoi 9: Trinh bay mbi quan hé giita viéc mo ta lién tuc va mo ta khong lién tuc mot hé thong
diéu khién

Cau hoi 10: Trinh bay phwong phap Tustin chuyén doi ham truyén lién tuc sang ham truyén sb

Cau hoi 11: Phan tich tinh 6n dinh va diéu kién 6n dinh caa hé khong lién tuc

Cau hoi 12: Tiéu chuan 6n dinh dai sé &p dung cho hé khdng lién tuc, cho vi du

Cau hoi 13: Phén tich chat lwong diéu khién trong qua trinh qua do ciing nhu xac ldp ciia mot hé
khong lién tuc bang mo hinh khong lién tuc ctia no.

Cau hoi 14: Phan tich tinh diéu khién dugc va quan sat duoc ctia hé khong lién tuc

Cau hoi 15: Trinh bay cac phuong phap xac dinh tham sé ctia mot bo PID sb.

Cau hoi 16: Trinh bay bai toan thiét ké b diéu khién sé bang phuwong phap gan diém cuc

Cau hoi 17: Thiét ké bo diéu khién sd co bd quan st trang thai.

b. Bai tap

Bai tap 1: Xac dinh ham truyén dat khong lién tuc ctia hé c6 so dd khdi sau:

uit) Ta Gzoh(s) ¥
Tal
Vi d6i tugng S(s)
S s = 1 S _ 1+2s S s - 2l+s
0.2s 1+s 1+3s 1+5s 1+3s 25°+3s+4

Goi y: tinh ham truyén dat lién tuc dbi voi bo luu giir bac khong va ddi tugng sau d6 chuyén
qua mo ta roi rac ta ¢c6 ham can tim.

Bai tap 2: X4c dinh ham truyén dat khong lién tuc cho cac hé co so dd khéi sau:
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- g - 1M Outf
u r'y M3
» 5+1 M2 T
Il T ;

F Y

5+1
T4 Th E
L e L e
5+ B 5+ C——
a) M4

T, z
1+Z(T, s T, s)
lién tuc sau d6 duoc roi rac; T1 va khdi tuong duong 1 ro1rac doc lap.

Goi y: mbi quan hé¢ T2 va T3 st dung cong thirc G z = ; T4 va T5 ndi tiép

b)
52 .
B H\o—b dufdt >@—> du/dt f—p—o )
l1J &) hrﬂ G1 G3 > :,

-
GE G du/dt

dufdt [l dudt

Goi y: tuong tu bai trén
M1

re\o—bd {dt —»—0 1
. 3 e L o

5+1 L
b2 Gzoh 5(s)

(G r—»()

Bai tap 3: Cho hé diéu khién roi rac dugc miéu ta bang phuong trinh sai phan sau:
ay(I+3)+ay(i+2)+a,y(i+1)+azy(i) =u(i)
trong d6 u(i) - tin hi€u roi rac vao, Y(i)- tin hi¢u roi rac ra ciia hé. Xac dinh mé hinh trang thai ctua hé.
Huéng dan giai:
- Pat cac bién trang thai cho hé roi rac bac 3, chang han:
X (1) =y@); x@)=y(+1); x3()=y(i+2).
- Str dyng phuong trinh sai phan ban dau, bién dbi dé viét ra hé gdm 3 phuong trinh trang théi cho
3 bién trang thai trén, sau d6 chuyén sang viét & dang chinh tic theo phép toan ma tran.
- B6i voi dau ra cia hé, tir cach dat bién trang théi thir nhat chuyén sang viét ¢ dang ma tran s& thu
duogc phuong trinh dau ra ciia md hinh trang thai.
Bdp s6:
M6 hinh trang thai cta hé roi rac ¢ dang sau:
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X (1+1) 0 1 0 X (1) 0

Xo(1+1) |= 0 0 1 Xo() [+| 0 |u(i)
X3(1+1) —azlay —aylag —ajlag || x3(i) | |-1/ag
Xq ()
y(@) =10 0} @)+ Bua
X3(i)

Bai tap 4: Cho hé diéu khién lién tuc c6 md hinh trang thai sau:

] [0 1Tu®],[ 0 uo
%) | |0 —0.1] x,(t)| |0.01

yo =1 OJEXN)}

X2 (t)
Chuyén doi hé da cho sang hé roi rac tuong tmg.
Huong dan giai:
- Ap dung phuong phép tinh dao ham gan ding bang cach thay thé:
(1) ~ X(i +1) — x(i)

- T

trong d6 T - budc cat mau.

- Bién d6i m6 hinh trang thai ban dau sir dung phép thay thé trén thu duoc cong thirc tong quét caa
md hinh trang thai hé roi rac nhu sau:

X(1+1) = (TA+1)x(i) + TBu(i)
y(i) = Cx(i) + Du(i)

trong d6 A, B, C, D — C4c ma tran hé s6 ciia mé hinh trang théi ban dau.

- Chon budc cit mau cu thé dé tinh ra cAc ma tran hé s6 caa md hinh trang thai roi rac.

Pap s6:

Véi bude cit mau T=0.5 (s) thu duoc md hinh trang thai roi rac nhu sau:

X (i+1) | |1 05 | x(i) N 0 u(i)
X, (i+1)| |0 0.95| x,(i)| |0.005

N % (1)
y(i)=1{ O]Exz(i)}

Bai tip 5: Cho hé diéu khién lién tuc c6 ham truyén dat nhu sau:
k
2
s“+as+k
Tim ham truyén dat va phuong trinh sai phan ciia hé roi rac twong tng.
Huéng dan gidi:

G(s)=

- Ap dung phuong phép Tustin thay toan tir Laplace s :$% vao biéu thuac cia ham truyén
+

lién tuc da cho
- Bién di va dua vé dang chinh tic caa ham truyén roi rac W (Z)
- Tir ham truyén dat W (Z) chuyén d6i ra phuong trinh sai phan caa hé roi rac
Padp s6:
AZ?+2AZ + Ak
BZ?+CZ+D

A=KT%: B=4-2aT+kT? C=2kT?-8 D=KkT?-4+2aT.

Ham truyén roi rac: W(Z) =

, trong do:
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Phuong trinh sai phan: By(i +2) +Cy(i +1)+ Dy(i) = Au(i +2) +2Au(i +1) + Au(i) , trong do:
u(i) - tin hi¢u roi rac vao, y(i)- tin hiéu roi rac ra cua hé.
Bai tap 6: Cho hé diéu khién roi rac c6 ham truyén dat:
W(Z) = —22 +l

3Z°-Z+1

Xéc dinh tinh 6n dinh cua hé.

Huéng dan gidi:

- Pua ra phuong trinh dic tinh caa hé roi rac tir da thie mau s cua ham truyén Z

- Giai phuong trinh dac tinh bac 2

- Xét cac nghiém cua phuong trinh dic tinh so véi vong tron don vi trén mat phang phirc dé két
luan vé tinh 6n dinh ctia hé

Pap s6:
1+ jV11

6

Hai nghiém cua phuong trinh dac tinh: Z,, = co ‘21,2‘ <1, ca 2 nghiém déu nam bén

trong vong tron don vi. Nhu vay hé roi rac da cho on dinh.

Bai tip 7: Xét tinh diéu khién dugc va quan sat dugc ciia hé khong lién tuc c6 md hinh khong
gian trang thai sau:

05 1 1 0
AXa=| 0 1 21X+ 0 [u;va;y,=1 0 0 x,
0 0O 0.5
Diép sb :
co = ob=
0 0.5000 1.2500 1.0000 0 0
0 1.0000 1.0000 0.5000 1.0000 1.0000
0.5000 0 0 0.2500 1.5000 2.5000
1/3 1 0 0
b) X,=| 0 0 1ix,+/0ju;va;y,=1 0 0 x
0 01 1
Dap s6 :
co= ob=
0 0 1 1.0000 0 0
0 1 1 0.3333 1.0000 0
1 1 1 0.1111 0.3333 1.0000
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Bai tap 8: Xac dinh tham sb cta bd didu khién PID s6 d6i voi hé thdng c6 so dd khéi nhu sau:

uit)
du/dt —» 171
s
Gzioh S(s) ¥t
Vi cac ddi tuong sau:
3 2
)S(s) 1+1,55 1+3s )S(s) 1+2s 1+6s

Goiy:

1.Chon m6 hinh roi rac loai ‘zoh’;’foh’ hay ‘tustin’

2.Xay dung ham qua do cua ddi tuong didu khién

3.Sir dung cac cong thire trang 421 xac dinh tham sb bo PID

Vi du: sir dung Matlab ta xac dinh dugc L=0.5; T=6 dbi véi ddi tuong thir nhét

Step Response

1.8

Amplitude

02} L=0.5 T=6

Time (sec)
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Phan 2: LY THUYET DIEU KHIEN PHI TUYEN

CHUONG 5: HE PHI TUYEN
5.1 MO HINH TOAN CUA HE PHI TUYEN

5.1.1 Tinh khéong thoa min nguyén ly xép chéng

u, t
Cho mot hé thong c6 véc to tin hiéu vao rphantir: u t =
u t
y t x t
coOstinhigura: y t =| . va co n bién trang thai X t =
y, t X, t

So d6 khdi nhu sau :

—” Héthéngky [~

r tin hiéu vao thuét co n tin s tin hiéu ra
4| hiéutrangthai |

e Dbi v6i hé phi tuyén, mé hinh toan hoc mé ta quan hé giita véc to tin hidu vao U t va véc
totinhiéura y t duoc viét nhu sau : yt =T ut .Trongdd T duogc goila anh xa (toan
tlr : operator)

e Hg¢ thong phi tuyén 1a hé thong khong thoa man tinh xép chong, nghia la néu dau vao c6 hai
vécto U t ,u, t dditugng cho hai véc to tin hi¢u ra twong tmg : y, t ,y, t . Nhung khi
dau vao 1a mot véc to au, t +bu, t thiin hiéura khac ay, t +by, t . Phan lon d6i tuong

diéu khién trong tu nhién 1a phi tuyén.
e Hé thong phi tuyén thong thuong chira mot hay nhidu cac khau phi tuyén co ban.

5.1.2 Cac khau phi tuyén co béan

Trong k¥ thudt ta thudng gip mot sd thanh phan phi tuyén dic trung phd bién, ching dugc xép vao
thanh céac khau co bén :

1.Khau hai vi tri

Thuc cht 13 mot khau ro le. N6 duge mé ta nhu sau :

Dic tinh vao ra biéu dién nhu sau:

y= < y=asgn u

v

{a,khi,u >0

u —a,khi,u<0
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Trong thyc té khau hai vi tri dugc dung rat nhiéu vi du nhu bo diéu khién nhiét, bo diéu khién tdi uu
tac dong nhanh

2.Khau khuyéch dai bio hoa
La khau SISO phi tuyén tinh, c6 dic tinh vao ra nhu hinh v&.

A

y

a a.sgn u ,khilu/>b

24, khilu|<b
b

v
<

Trong khoang +b, dép tng cta khau 1a tuyén tinh. Ngoai khoang nay, dap tmg bang + a khong doi.
Nhu vy néu |b| rat nho thi khau khuéch dai bdo hoa tré thanh khéu ro le.

3.Khau ba vi tri
bac tinh vao ra nhu hinh vé

. _|asgn u khilu|>b
— | Okhiju[<b

v
c

Vi nhitng hé str dung bo diéu khién hai vi tri c6 nhiéu nho, ngudi ta thuong dung khau ba vj tri
thay cho khau hai vi tri d€ loai nhi€u.

4.Khéu khuyéch dai ¢6 mién chét

Thuc chit day 1a khau khuyéch dai c6 ving khong nhay. Piac tinh nhu hinh v&, mé hinh toan nhu

Sau .
A

[
»

b a tan a u-h.sgn u ,khiu/>b
y=
" 0, khilu| <b

139



5.Khau c6 hai vi tri cé tré
Day 1a bo didu khién ro le thuc té, thé hién tinh quan tinh cia thiét bi. M6 hinh toan mé ta nhu sau :

A

y
a.sgn u ,khilu|>b

V= —asgn((:lj ) khi|u| <b

u
b < y=a.sgn (u—b.sgn (?j_ltjjj

v

6.Khau khuyéch dai bao hoa c6 tré

Quan h¢ vao ra cua khau nhu hinh v€. N6 dugc mo ta nhu sau :

A
a.sgn u ,khiju|>b
y _
Fu-= a .
—u,kh||u|£b
b
& | d
_du
-b F u-b ,khi—>0
- B dt
> u y= du
b F u+b ,khi—<0
o . dt

7.Khéu ba vi tri c6 tré

A
y
. q
a.sgn u ,kh||u| ~—p
& | __ — F u —
-b 0, kh||u|< q
\ 4 »
A > U 1 du
! b F(u——qu khi <> 0
. . 2 dt
/= 1- du
F(u qu khi 2 <0
2 dt

5.1.3 M6 hinh trang thai va quy dao trang thai

a.Mo hinh trang thai :
Giong nhu mo hinh trang thai ctia h¢ tuyén tinh , né 1a h¢ phuong trinh bao gém véc to dau vao, ra

va cac bién trang thai cia h¢ :

%z f xu,t
dt
y=g Xxu,t
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Trong d6 vécto u t =| . [latin hi¢u vao;
u, t
y t
yt=| . la véc to tin hi¢u ra
y, t
X t
vaxts= . 14 véc to trang thai ctia hé thong.
Xt

Tt day ta c6 cac khai ni¢m :

. —=1f x,u
e Néu hé mo ta dugc ¢ dang nhu sau 4 dt
y=9g Xu
o thi goila mé hinh trang thdi twong minh autéonom
. %= f xu,t
e Néu hé mo ta dugc ¢ dang nhu sau
y=g Xu,t
e thi goila mé hinh trang thdi twong minh khong autbnom
. f(dx XU, tj 0
e Neéu hé mo ta dugc ¢ dang nhu sau dt
g x,u,y,t =0

o thi goila mo hinh trang thdi khong twong minh khong auténom
b,Quy dao trang thai

V&1 mot hé théng, khi c6 mot tin hi¢u vao u t cho trudc, védi mot diém trang thai ban dau cho
trudc X, = X 0 , theo thoi gian trang thai hé thong thay dbi dudi sy kich thich cia tin hiéu dau vao. Su

thay d6i nay vach | trong khong gian mot duong cong : quy dao trang thai.
Nhu vdy moi trang thai dau ta c6 mot duong cong, tat ca cac trang thai dau dudi tic dong mot tin
hiéu vao ta s& c6 nhiéu dudng cong : ho cac quy dao trang thai

c. Khong gian trang thai .
Néu hé thong c6 trang thai la véc to n chi€u thi khong gian dugc xac dinh bdi n truc tuong duong n
bién trang thai goi 1a khong gian trang thai

d. Quy dao pha va cach xiy dung )
_ Do dang quy dao trang thai (khong gian trang thai c6 hai truc goi la khong gian pha) noi 1én rat
nhiéu tinh chat dong hoc ctia h¢ thong nén ta phdi tim cach xay dung ho cac quy dao trang thai cia h¢ ung
véi tin hi¢u vao U t =0. Chi dua vao dang quy dao ta co6 thé biét :
e Diém cin bang X, s& 1 diém ma tai d6 téc do ciia cac quy dao trang thai bang 0
e Hé o6ndinhtai x, néu tit ca cac quy dao trang thai déu hudng vé x, va két thic tai do.
& H¢ c6 dao dong Autonom néu tép tai mot dang quy dao khép kin.... ]
bé xay dung quy dao pha ta c6 rat nhiéu phuong phap nhu phuong phap duong dang ta, phuong
phép tach bién.
5.2 PHAN TiCH HE PHI TUYEN
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5.2.1 Piém cin bang va diém dirng ciia h¢ thong

a.Pinh nghia diém cin bing : Mot diém trang thai x, dugc goi 1a diém can bang néu hé dang & x,

va khong c6 mot tac dong ndo tir ngoai vao thi hé nim nguyén tai d6. Nhu viy X X, s€ la nghiém cua
dx

phuong trinh : i =f xu,t =0

Mot hé phi tuyén c6 thé c6 nhiéu diém can bang hodc khong c6 khac v6i hé tuyén tinh bao gio ciing
can bang tai goc toa do.

b.Pinh nghia diém dirng : Mot diém trang thai dugc goi la diém ding x, néu hé dang & X, , véi
tac dong dau vao U t =u, khong doi thi hé nim nguyén tai x,. Nhu vdy x, s& la nghiém ctia phuong

N

trinh : %zf X,u,t =0
dt

U=y

5.2.2 Tinh 6n dinh tai mét diém cin bang

Mot hé théng duge goi la 6n dinh (tiém can) tai diém cin bang x, néu nhu c6 mot tac dong tirc thoi
nhu nhidu chiang han danh bat hé ra khoi X, va dua to1 dlem lan can cua X, thisau do h¢ c6 kha ning
ty quay trd vé diém can bang Xe

Chu y : tinh 6n dinh ctia hé phi tuyén chi cé y nghia khi di cting v&i diém can bang x, . C6 thé hé 6n
dinh v6i diém can bang nay ma khong 6n dinh v6i diém can béng khac. Hé mudn 6n dinh tai diém cén
bang x, thi moi duong quy dao trang thai thi Xuét phat tur x, déu két thuc tai X,

5.2.3 Tinh diéu khién dwoc tai mét diém trang thai

dx
. . —=1f xut . .
Cho céc diém trang thai x, & X;. Hé thong : < dt 7 duogc goi la diéu khién dugc hoan
y=90 Xxut

toan tai diém trang thai X, : Néu v6i diém dich x; bat ky cho trudc, ton tai mot tin hiéu u t dé c6 duong

quy dao trang thai X t twong Gng xuit phat tir x, két thuc tai X; trong mot khoang thoi gian hiru han.

-0

5.2.4 Tinh quan sat dwoc tai mdt thoi diém

dx
. —=1f xu,t , .
Cho hé thong < dt ~ 7 dugc goi la Quan sat dugc hoan toan tai thoi diém t, : Néu vo1 moi

y=9g Xxut
gia tri thoi gian T>t, diém trang thdi X, ludn xac dinh dugc mdt cach chinh xac tlr viéc quan sat véc to

cac tin hiéu vao U t vavéctotinhi¢ura y t trong khoang thoi gian hitu han [T-t,].

5.2.5 Dao dong di¢u hoa heteronom va autonom

Dao dong diéu hoa he te ro nom: 1a dao dong diéu hoa cudng birc co nghia 1a hé dao dong diéu
hoa khi c6 tin hiéu tac dong dau vao.

Dao dong diéu hoa au to nom la hé c6 kha nang tu dao dong diéu hoa khi tin hiéu vao béng 0

Nhu vdy quy dao trang thai cia hé dao dong diéu hoa 1a dudong cong kin. Dao dong diéu hoa
(Heteronom hodc Autonom) dugc goi 1a 6n dinh néu bi tac dong tic thoi danh bat ra khoi ché d6 dao
dong dua téi vung 1an can nao do6 cia quy dao thi néd ty quay duoc trd vé ché d6 dao dong diéu hoa nay.

5.2.6 Tap gi6i han va hién twgng hén loan (Sinh vién ty nghién ctu tai liu)
5.2.7 H¢ phan nhanh (Sinh vién ty nghién ctu tai liéu)
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Tir md hinh mo ta hé thong, ta phai phén tich rat ra mot s6 két luan co ban vé tinh chat dong hoc cua
hé thonng. Tét nhlen khong phal 14 tat ca, ta thong nhét can hiéu biét hé théng nhitng diém nhu sau

a. Hiéu biét ve sw phén bé cdc diém cin bang ciia h¢ thong

b. Hiéu biét vé tinh on dinh ciia hé thong tai diém cin bang cho trudc

C. Hiéu biét vé tinh diéu khién dwoc ciia hé thong tai mét diém trang thdi cho trudc.

d. Hiéu biét vé tinh quan st dwoc ciia hé théng tai mot thoi diém

e. Hiéu biét vé khd ndng ton tai dao dong heteronom hodc autonom trong hé

f. Hiéu biét vé khd ning cé hay khong hién twong hon loan (chao) trong hé

0. Hiéu biét vé khd néing phén nhdnh trong hé

5.2.8 Tiéu chuan 6n dinh Lyapunov

Ban chat ciia phuong phap Lyapunov 1a gia sir bao quanh gdc 0 ¢6 cac ho dudng cong v khép kin.
Céc dudng cong nay cé thé coi la bién ciia cac 1an can 0 va néu tat ca cac quy dao trang thai tu do cat tat
ca cac dudng cong thudc ho v tir ngoai vao trong thi ta c¢6 thé két luan 1a cac quy dao trang thai ndy tién
ve goc 0 va két thac tai do. Tur do két ludn tinh 6n dinh Lyapunov cua hé.

Nhu vay néu t6 tai ham v X thoa man cac diéu kién :

-Kha vi, x4c dinh duong

dv dv ., L . ..

o <0; Py la dao ham cua v X doc theo quy dao trang thai tu do
Thi hé on dinh tiém cén Lyapunov tai gbc 0 vaham v x la ham Lyapunov
dé str dung tiéu chuan Lyapunov ta phai thuc hién hai budc :
1)Xay dung ho duong cong v khép kin chira goc 0 bén trong
2)Kiém tra xem quy dao trang thai x(t) co cat moi duong cong thudc v tir ngoai vao trong hay

khéng.
Tir ddy ngudi ta dwa ra hé qua Lyapunov nhw sau (dung cho hé tuyén tinh) :
T T - T o
Cho mot hé thong dugc mo ta < dt . H¢ s€ on dinh néu mdt trong hai di€u kién sau thoa
y=Cx+Du
man :

a)Ton tai mot ma tran vudng P xac dinh duong sao cho ma trin PA+A"P  xac dinh am, ttc
— PA+A"P xac dinh duong.

b)Ton tai mét ma tran dbi xang xac dinh dwong Q sao cho phuong tinh PA+A'P =—-Q ¢

nghiém P ciing ddi xing xac dinh duong. Day la phuong trinh Lyapunov
Dinh 1y Sylvester 14 cong cu dé xac dinh mot ma tran vudéng ddi xtmg xac dinh duong : cho ma tran

qll qu . qln
: Q — qu q22 * q2n ;qik — qki
qnl an ) qnn
Xac dinh duong khi ma tran duong chéo c6 dinh thirc duong :
% q O; Go O
Gy >0 de{ . 12} >0;det| 0, Gy, O [>0
q21 q22

q31 q32 q33

5.3 HE SISO CO KHAU PHI TUYEN CO BAN

5.3.1 Gidi thiéu hé thong

5.3.1.1 So’ d6 khoi
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Thuong gip trong thuc té cac hé phi tuyén 1a hé SISO, tinh phi tuyén ctia chiung thudng chi quy tu &
mot khau don gian duy nhat. Nhu hinh vé

w e S, s Zlu=f z u S, s y

A 4

\ 4
v

<
<

Tinh phi tuyén thé hién & mot trong hai dic diém :
e Gia tri cua tin hiéu vao u t phu thudc vao tin hi€u vao z cung thoi diémttacla u=1 z .
Trong &6 f z 1a ham dai s6 khong c6 thanh phan vi tich phan, u t phu thudc tinh vao tin

hiéu z t goi1a cac khau phi tuyén tinh.

e Hé thong co cac khau phi tuyén co ban di dé cap.
5.3.1.2 M6 hinh NL va LN

Mo hinh ma khau phi tuyén tinh dung trude khau tuyén tinh dugc goi 1a md hinh Hammerstein hay
NL (nonlinear-linear) :

W,<>e o u="fe u G s

Mo hinh ma khau phi tuyén tinh ding sau khau tuyén tinh duoc goi 1 mé hinh Wiener hay LN
(linear-nonlinear) :

W,<>9,Gs u u="f e

5.3.2 Phwong phdp phén tich mdt phing pha

<

A 4

<

Y

O muyc nay ta st dung phuong phap mat phang pha dé phan tich nhing hé thong phi tuyén ma tinh
phi tuyén ctia nd nim & mot khau co ban duy nht. Nguyén tac chung dé c6 duoc quy dao pha 1a ta dung
phuong phap phan diém mit phang pha. Ta chia mit phing pha thanh nhiing ving sao cho trong mdi
vung do, khau phi tuyén duogc thay thé béng mot khau khuyéch dai hodc mdt gia tri héng s6 tin hiéu ra.

5.3.2.1 H¢ v6i khau hai vi tri

Ta théy rﬁ“mg chét luong cua h¢ hai vi tri khong chi phu thudc vao cAu tric, ma con phu thudc vao )
luong, loai khau tuyén tinh. Do d6 ta khong thé dua ra két ludn chung dugc, ma thong qua vi du cu thé ta
nam bat dugc phuong phap phan tich hé ma thoi. Ta xét vi du sau :

Heé thong co so d6 cau tric nhu sau :

1 2 .
R s == la thanh phan tuyénn tinh cia b diéu khién
S

1 ‘. A 2
Ss = — la do1 tugng diceu khién
S

M(s) =k 12 bd phan hdi. Ta c6 so dd cdu tric hé thdng nhu sau :
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e ¥ XL@

- 1 1
u} F_ - = - by

F
F

u=0 = Sign Integrator Trarsfer Fon

Eain

D.SI#

A . 1,neu,e>0
Nhu vaytaco y= ;
-1, neu,e<0
d®x
T 2=
az Y

e=u—z— jydt_—(kx+T 3):]

) l,neu,kx+T%<0
Tu day ta co : e T1 ;
—?,neu,kx+T—X>O

Nhu vdy, trong mit phiang pha véi truc tung 13 X :% va truc hoanh 1a x, dudng thing

kx+T % =0 x= —;x s& phan mit phiang pha lam hai mién : mién trén Gng v6i kx+T % >0co gia

2
téc khong d6i am bang prey = —?Ve‘l mién dudi tng véi kx+T % >0c¢o gia toc khong doi duong bing
¢x_1
dt? T 7

Xét mién trén cua mat phang pha :

d’x 1 dx t

— === —=—-—+(

dt T dt T

t? T( t ? Tc?,
> X=——+Ct+C,=——| —=+C | +|C, + =
2T 2\ T 2
(%)
- K,
dt
Trong d6 k; 1a hing s6 phu thudc vao trang thai dau.
Két luan :

T . \ A r * A A \ r e A ’
Quan hé x= 3 X* + k, 1a mot ho parabol nét lien, phu thudc vao cac trang thai dau khac nhau nhu
hinh vé.
‘A 7. 5 - M ’ N T . \ A r ’
Tuong tu & mién dudi cua mat phang pha, ta c6 quan h¢ x = 3 X* + k, 1a mot ho parabol nét dut, phu

thudc vao céc trang thai déu khac nhau nhu hinh vé.
Khi qu§ dao pha xuat phat tir mot trang thai dau nao d6 dudng nét lién, qua duong phan cach

chuyen xang duong nét roi, roi lai qua duong phan cach vé nét lién, ctr nhu thé, né c6 xu hudng tién vé
goc toa d va on dinh tai do.
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v

Duwa vao quy dao pha ta c6 két ludn nhu sau :

e Hé co mot diém can bang 1a gbc toa do trong mit phang pha x, dx/dt
e Hé khong c6 dao dong diéu hoa, khong cé hién trugng hdn loan

e Heé 6n dinh tai géc toa do

e He¢ c6 mién 6n dinh 13 toan bd mit phang pha

e Ngoaira h¢ con c6 hién tuong truot hay con goi 1a bang bang.

Ta quy dinh dudng quy dao bén dudi 1a nét roi, trén 1a nét lién. Hién tugng truot xdy ra khi quy dao
pha di vao dudng phan diém nét roi khong con nam bén dudi ciing nhu nét lién khong con ndm bén trén
nhu hinh v& va luc nay hé sé di tir trang thai ddu dén dudng phan cach va truot dich dic theo duong phan
cach vé gbc toa do. Dua vao hién tuong nay ngudi ta thiét ké bo diéu khién truot lam 6n dinh tuyét déi
ddi tuong. Ta x4c dinh doan EF nhu sau : lic nay EF duogc goi la khoang truot. Ta xét hé dang & trang
thai ddu nao d6 nh hinh v&, no tién t&i doan EF va trugt vé khong nhu hinh v€ thi goi 1a hi¢n truong truot.
do déc T/K cua dudng phan diém quy dinh do dai khoang truot. T/K cang 16n thi khoang truot cang dai.
duong truot cang tron khi thoi gian chuyén d6i bang khong

A
X

v

5.3.2.2 Hé vé6i khau hai vi tri cé tré

Giéng nhur di 1am voi hé hai vi tri, ta ndm bat phuong phap phan tich thong qua vi du cu thé
H¢ thong c6 so do cau triic nhu hinh ve.

1 Y. - ' — - - '
=+ B
u=0 Felmy Transfer Fon Integrator #f Graph

sgn e ,khi,e[>1
Vi khau phi tuyén : q=
i khau phi tuyén : _Sgn(%j,khi,kkl
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A A ’ 7 1 re o4 A \ M A
Khéu tuyén tinhcdé: G s = 1 véi tin hi¢u vao bang khong.
S S+

2
Vi %+ﬂ =@ nén mit phing pha ta chon truc hoanh 1 y va va truc tung 1a y . Do ¢6 y=-e nén
bay gio ta chia mat phing pha thanh ting viing riéng biét v6i cac gia tri q khong doi :
1.Ving g=1 khi :
ae>l<y<-1(vungl)

b)hodc hoc |e| <1&% <0<yl <1&3—)t/ >0 (vung 2)

2.Vung g=-1 khi :
a)e<-1l<y>1(vung 3)

b)Hoic |e| <1&$ >0y <]J&%<0(VUHQ 4)

nhu vay mit phang pha dugc phan thanh hai mién : ving 1,2 véi q=1 va ving 3,4 v6i g=-1 nhu hinh

\G
.A
y
I
I
—— — —>
v y
A
I
2
e -Xétovung 1,2 %+%:1@y:_y_|n|y_q+k

2

e -Tuong ty vung 3,4 ta co %+%:_1@ y:y+|n|y_;q+k

Trong d6 k dugc xac dinh tir diéu kién dau
Két luan :
e -Hg¢ c6 dao dong diéu hoa autonom
e -Dao dong la on dinh. Mién 6n dinh 13 toan b mit ph'flng pha

5.3.2.3 H¢ véi khau ba vi tri

DPé lam quen viéc phan tich khao sat hé phi tuyén c06 khau ba vi tri ta xét vi du sau :

Cho d6i tuong 1a khau bac nhat c6 ham truyén dat :G s = = ! . bo didu khién bao gdm khau phi
S+

tuyén ba vi tri va khau tich phén : 1/s
Nhu v@y thanh phan tuyén tinh gop lai 1a : 1/s(Ts+1)
Khau phi tuyén la khau ba vi tri . So d6 cau trac hé thong :

=} =] w ><|_>
B Sy S KN g BN R i «

1 0 Grmaph

[0 R
"
+
-1

4

s

Nhu vay quan hé vao ra cua bd diéu khién nhu sau
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‘ dx
e=-v— |ydt=—x—(T —+X
ij T 9

Mit phang pha duoc dinh nghia tryc tung 1d X Va truc hoanh 1a x. Mat phang pha duoc chia lam ba

T%+(km +D)x=Db

mién : I; IT; I11 boi hai duong thang q
T4k +1)x=-b
dt

2
. X X A
VaT d—z +d— =a trong mién [;
dt® dt
2
T d—;( + X =—a trong mién IIT1;
dt® dt
2
X X A
T d—z + ox =0 trong mién II;
dt® dt

Tir quy dao trang thai ciia hé ta rit ra két luin dong hoc ciia hé :
e Heé c6 diém can bﬁng 1a toan bo doan truc hoanh nim gitra hai duong phan cach
e He¢ khong 6n dinh tai bat cir diém can bang nao vi khi bi danh bat khoi vi tri can bang no c6
xu huéng vé mot diém can bang khac trong khu vuc 1an can.
e Moi quy dao pha khic déu c6 xu hudng két thic tai mot diém can bang.

5.3.2.4 H¢ c6 khau khuyécl} dai bao hoa
Cho hé phi tuyén c6 so do cau trac :

“ |_>
0 ) yr;— w1 r@l

v Sawmtion Integator|  Integratord X Graph
Trong d6 doi tuwong di€u khién S s =—-; khau khuyéch dai bao hoa dugc md ta :
S
sgn e ,khile|>1
y=sat e = .
e ,khile|<1
Ta ciing dinh nghia mit phang pha gém tryc tung 1a X va truc hoanh la x. Mat phang pha dugc chia
3 . X+X=-1
lam ba mién bdi hai duong thang :
X+Xx=1

52
N R A s X
e Trong mién 1 h¢ dugcmo td: X = ?+k

52
Y n . X
e Trong mién 3 hé dugc mo ta : X:—?+k

5 .| X 0 1]x
e Trongmién2hé dugcmota: | |= .
X -1 -1/ x

Quy dao pha cua hé tor mot diém trang thai dau duge v& nhu sau :
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Cin cir theo dang cac dwdng quy dao pha thu dwoc ta cé nhirng két luan vé chat lwong hé
thong :
e Hé co mot diém can bang duy nhat 1a gbc toa do
e Hé 6n dinh tai diém cén bang va c6 mién on dinh 14 toan bd mit phang pha.
e Hg¢ khong con hién tuong truot.

5.3.2.5 Hé c6 khau ba vi tri c6 tré

Xét hé thong c6 so do cau truc :

A
u= e Vi y J 1 X
1, neu,e>1
-1, neu,e<-1

. 1,neu,1>e>0.5&%<0
Voi y = dt

-1,neu,-0.5>¢ >—1&%>0

0,neu,|e[<0.5

D061 tugng di€u khién la khéu tich phan bac hai: S s =—;. Tin hi¢u vao bang khong nén e=-x. Mat
S

-1,neu,x>1

1, neu,e<-1

d?x —1,neu,1>e>0.5&%<0

phang pha véi truc tung 12 % = X ; truc hoanh 1a x thi ta ¢o : e =

1,neu,-05>¢e >—1&%>0

0,neu,le[<0.5

Nhu vay mit phang pha bi chia lam ba mién:
.2
e -MiénI : quy dao pha c6 dang x = X? +k
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e -MiénI: quy dao pha c6 dang X =k
.2
e -MiénI: quy dao pha c6 dang X = % +k

Quy dao pha c6 dang nhu sau :

v

-

Cin cir theo dang cac duwdng quy dao pha thu dwoe ta cé nhirng két luin vé chat lwong hé

thong :

e H¢ c6 diém can bang la toan bo truc hoanh nam gitra hai duong chuyén doi

e Hé khong 6n dinh tai bat ctr diém cin bing nao

e Moi quy dao pha déu xoay quanh goc toa do va ngay cang tién ra xa vo cung, tirc h¢ cd bién

do dao dong ngay cang tang

5.4 PHUONG PHAP CAN TUYEN TiNH VA THIET KE BQ PIEU KHIEN

Trong thuc té, kha nhiéu trudng hop, khi diéu kién cho phép, nguoi ta thuong tim cach chuyén thé
gan ding mo hinh phi tuyén sang mdt mo hinh tuyén tinh xap xi tuong duong dé phan tich va diéu khién.

Phuong phap nay, trong mot khudn khé nao d6 ngudi ta goi la phuwong phép can tuyén tinh.

5.4.1 Tuyén tinh hod trong lin cin diém lam viéc

5.4.1.1 Tuyén tinh héa mé hinh trang thai

V& ban chat 14 ta xap xi mo hinh phi tuyén thanh mé hinh tuyén tinh trong 1an can diém trang thai
can bang hoac dung cua nd, giong nhu ta thay mot doan duong cong trong lan cdn X, bang mot doan

thang tiép xuc véi duong cong tai X, - Dé nidm bat duoc phuong phap ta xét vi du sau : cho hé :

3 =X +X, +U,
dx
— =X 26-X%X; —X,

dt
XX, = X3 +U,

X
Trong d6 X =| X, |. HE co diém can bang 14 nghiém cia
X3

3 -X+X, =0
%=Qu=%=o<:> X, 26-%X; =X, =0
XX = %3 0
0 5 -5
X = 0 1 Xep = S 1 X3 = =5 ;
0 25 25

Tur phuong trinh trang thai ta c6 ma tran JACOBI :
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of, o o
oX, OX, OX, 3 3 0
i: a oA A =126-x -1 -x
X | 0% OX, OX X x, -1
of, of, o, ?
[ of,  of, |
Ao H |y g
ou |ou ou, 0 1
a1:3 afs

Thay céc gia tri diém cAn bang X, ta cd cac mo hinh tuyén tinh gan dung tai cAc 1an can cia cac
diém can bang x,; :

=83 3 0 10
e 1)Trong lan cin diém cin bang x,u, : z—f: 26 -1 0 (X+|0 O|Ud
0 0 -1 01
e VoOi X=X-X;;U=U-U,
[-3 3 0] [1 0]
e 2)Trong lan cin diém cin bang Xopy Uy %= 1 -1 -5|X+ u
' 5 5 -1 |0 1]
e VOi X=X-X,0=U-U,
~[-3 3 0] [1 O]
e 3)Trong lan cin diém cin bang Xeo3s Uy % =1 -1 5 |X+ u
-5 -5 -1} |0 1)
* VOi X=X-Xq5U=U-U,

5.4.1.2 Phén tich hé théng

V6i mé hinh tuyén tinh twong duong trong lan can diém lam viéc XU, , ta co thé sir dung 1y
thuyét diéu khién tuyén tinh nghién ctru hé thdng. Moi két luan vé chat luong hé thong tir viéc phan tich
deu diang trong vung lan can diém lam vi¢c. Tuy nhién viéc x4c dinh c6 céc hién tugng hon loan, chao ...
hay khong thi khong xét dugec.

dx
. |—=1 xu : . .
e Cho hé¢ phi tuyen < dt véi diém can bang X, ¢6 mo hinh tuyén tinh

y=9g Xu
dx o o
— = AX+BU A S, n A foir e X
dt - tuong duong trong lan can X, . Gid sir ma tran A khong c6 gia tri riéng nam
y=CX+Dd

trén truc 4o, khi do hé phi tuyén 6n dinh tiém cén tai X, khi va chi khi tat ca cac gia tri riéng
cua A nam bén trai truc ao.

5.4.1.3 Thiét ké b diéu khién
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dx dx o o
e A —=fxu £ o —==AX+BU
H¢ phi tuyen c6 dang : < dt va ¢6 mod hinh tuyén tinh twong duong < dt - trong
y=9g Xu y=Cx+Dda
lan cén X, . Néu hé phi tuyén diéu khién duoc trong 1an can X, va b diéu khién phan hoi am trang thai R
lam cho hé tuyén tinh twong duong cua n6 tai X, la on dinh thi n6 cling lam cho hé phi tuyén on dinh tiém
can taix,
Nhu vy ta c6 thé str dung cac phuong phép thiét ké bo diéu khién phan hoi trang thai cta 1y thuyét
diéu khién tuyén tinh de thiét ké bo diéu khién phan hoi trang thai cho hé phi tuyen tai lan can X,

5.4.2 Ky thudt Gain-scheduling

Phuong phép tuyén tinh héa diém lam viéc cho ta tai méi diém lam viéc ctia hé thong 1a mot bo didu
khién va nguoi ta dua ra ¥ tudng ghép tat ca cac bd diéu khién thanh mot bo théng nhit chung, khi hé
théng 1am viéc ¢ diém nao thi ding chuyén mach chuyén dén lam viéc ¢ bo diéu khién tuong duong.
Nhung van dé ndy né c6 nhitng nhugc diém sau :

e Mudn thuc hién béng chuyén mach, hé théng phai thém b0 quan sat trang thai, lam hé théng
phirce tap rat nhiéu.
e Khong thé st dung cho hé théng c6 nhiéu diém lam viéc.

bé khic phuc nhuoc diém nay, nguoi ta da nghi t&i viéc xac dinh mot bod diéu khién R théng nhét
chung co6 dac tinh nhu sau :

Gié sir ta c6 hé phi tuyén, tai diém lam vige | X, v

U, Vv ] c6 md hinh tuyén tinh twong duong va

c6 bo diéu khién tuyén tinh R, v twong tng. Tai diém lam viéc ndy, bo diéu khién chung nhat R, sau
khi dugc tuyén tinh héa tai diém lam viée [ X, v ,u, v | cling la R, v . K§ thuat diéu khién h¢ phi
tuyén nhu thé goi 1a k§ thuét Gain-scheduling.
Cac budce thuc hién k¥ thuat Gain-scheduling :
e Xac dinh tat ca cac diém lam viéc [5, v

U, Vv ] ciing nhur tit ca cac tham s6 khac

e Sudung LTTT xac dinh cac bd diéu khién tuyén tinh R, v Ung véi mdi diém 1am viéc
e Xac dinh bd R(v) sao cho mé hinh tuyén tinh twong duong cia nd tai mdi diém lam viéc
chinhla R, v

e Thay quan hé (quan h¢ tham s6 hoa diém lam viéc) V=V Z,X, w,y vao R v ta dugc bod

diéu khién R x,u,y .

B dicu khién Gain-scheduling 1a by diéu khién phi tuyén thu dugc tir ho cac by didu khién tuyén
tinh. Yéu t6 quyét dinh chit luong cong viéc niy 13 cong thirc tham sé héa diém lam viée cua d6i
tuong. Viéc tham s6 hoa diém lam viéc dugce thuc hién theo kinh nghiém Ia chinh.

K¥ thuat Gain-scheduling chi tap trung quan tdm dong hoc cua hé théng tai 1an can diém lam viéc
riéng 1¢, chtr khong quan tim tdi su thay doi trang thai hé thong khi chuyén diém lam viéc, nén cac két
luan vé ban chat dong hoc hé théng co bd diéu khién Gain-scheduling chi ding trong 1an cin diém 1am
viéc.

Viéc chon hinh thirc tham s hoa diém lam viéc anh hudng rat 16n dén chét lugng hé théng. Tham
s6 hoa diém 1am viéc 1a xac dinh quan hé phﬁn tir cua vée to diém 1am viéc véi cac thong s6 dau vao,
bién trang thai, tin hi€u ra :

Quan h¢ v = y(%,g,w,zj phai ddm bdo :
e Véctotham s v phai phan anh twong ddi diy du mirc d¢ phi tuyén ctia hé thong.
e Cac dai lugng (%,5, w, )_/J c6 mit trong quan hé tham s6 hoa diém lam viéc phai 14 nhiing

dai lugng bién doi cham theo thoi gian

152



5.4.3 Diou khién tuyén tinh hinh thirc

, % f x,u,t
Mot hé phi tuyén duge mo ta 5 dt
y=9 xut
u, t
Vi véc to tin hiu vao cé rphanta u t = ;
u, t
y, t
Tin hiéu ra s phan tir : yt= . |
ys t
X t
Véc to trang thaiin bién x t =
X, t
B o 2. N %=A x,u,t x+B x,u,t u o
Néu bién do6i dwgc vé dang dt -0 - ~ 7 7 trong d6 cic ma tran
y=C x,ut x
[A x,ut | nxn
[B X,U,t ] nxr 1a cac ma tran thich hop (kich thirc phai phu hgp) c6 phan tir 1a ham sé cia x,u,t.
[C x,u,t ] sxn

M6 hinh nay goi 12 mé hinh tuyén tinh hinh thic (formal linear) vi khi cic ma tran trén c6 lic nao do
khong phu thudc vao x,u thino tré thanh mé hinh tuyén tinh khong dung At ,B 't ,C t

dx fx
=f x +H x u -
Hodc c6 thé bién d6i mo hinh hé thanh at - T ~ ~ trong d6 {H X la nhiing ma tran
y=9 X g X

ham giai tich thi dugc goi 1a mé hinh giii tich tuyén tinh (analytic linear) c6 thé con co tén ALI
(analytic linear inputs). Tur day ta cO bai toan diéu khlen tuyén tinh hinh thire nhu sau : 13 bai toan diéu
khién, tim cach can thiép vao h¢ thong c6 md hinh tuyen tinh hinh thirc vi du nhu thiét ké bo didu khién
phan hoi trang thai dé hé co chit luong nhu mong mudn.

5.4.4 Ky thudt diéu khién b phi tuyén

5.4.4.1 Bai toan diéu khién bu phi tuyén

Bai toan nay duoc ap dung chu yéu cho cac d6i twong ¢ thanh phan phi tuyén twong d6i yéu dugc

%=A X +Pn x +Bu

mo ta nhu c6 mod hinh ; < dt - -
y =Cx
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u, t y, t
Vi véc to tin hiéu vao corphant u t =| . |; Tin hiéu ra s phan tir yt= . [|;Véto
u, t y, t
X t
trang thaiinbién x t =

X t

n

Nhiém vu ciia bai toan 1a thiét ké bo didu khién h u,y sao cho hé kin c6 chat lwong mong mudn

va chat lugng ndy hoan toan khong phu thudc vao thanh phan phi tuyén n x t
Giai quyét bai toan theo hai budc :
e Nhén dang thanh phan phi tuyén bang mot mo hinh tuyén tinh
e Thiétkébd h U,y d¢ loai b thanh phan phi tuyén trong hé kin va mang lai cho hé¢ mot

chat lwong mong muén.
5.4.4.2 Nhin dang thanh phan phi tuyén

Gia sir ta c6 thanh phan phi tuyén khong biét trudc n X t , sau mot khoang thoi gian du 1on T,
thong qua véc to dau ra
dn t _
. . —=Vi t
nt voi dt -
nxt =HAt

ctia bd quan sat Luenberger ta s& xac dinh duoc thanh phan phituyén n x t ~Hf t
5.4.4.3 B diéu khién bui phi tuyén

Sau khi nho bd quan sat luenberger, thanh phan phi tuyén n X t  ¢6 trong md hinh cta d6i twong
duogc xac dinh boi vée to tin hiéura n x t ~HA t . Tur ddy ta co thé thiét ké bo didu khién phan hoi

trang thai R nhu so dd cdu trac

%:AX+P X +Bu y
dt = - =
y=C

w

|
1=
(=]

v

A\ 4

x

A

R, [« LUEN
i | BERGER |

[ >

e BO dicu khién R, 14 bd didu khién phan hoi trang thai thanh phan tuyén tinh
e BO dicu khién R 14 bo didu khién phan hoi trang thai thanh phan phi tuyén
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CAU HOI ON TAP VA BAI TAP CHUONG 5

a. Cau héi on tap

Cau hoi 1: Khai niém vé hé didu khién phi tuyén, cho vi du

Cau hoi 2: Trinh bay vé mé hinh tinh va cac khau phi tuyén dién hinh
Cau hoi 3: M6 hinh trang thai cua hé didu khién phi tuyén

Cau hoi 4: Quy dao trang thai ciia hé phi tuyén

Cau hoi 5: Khai niém vé diém dirng va diém can bang caa hé phi tuyén
Cau hoi 6: Mat phang pha va quy dao pha caa hé diéu khién phi tuyén
Cau hoi 7: Tinh 6n dinh cta hé diéu khién phi tuyén

Cau hoi 8: Tiéu chuan on dinh Lyapunov cho hé phi tuyén

Cau hoi 9: Hé phi tuyén SISO véi khau hai vi tri

Cau hoi 10: Heé phi tuyén SISO véi khau khuyéch dai bdo hoa

Cau hoi 11: Tong hop bo diéu khién 6n dinh hé phi tuyén theo phuong phap Modal
Cau hoi 12: Tong hop bo diéu khién bl phi tuyén.

b. Bai ta
Bai tap 1p Cho hé diéu khién phi tuyén duoc miéu ta bing phuong trinh trang thai sau:
Xg ==X + 2xf’x2
{XZ - —X2
Xéc dinh tinh 6n dinh cua h¢.

Huéng dan gidi:
- Ap dung tiéu chuan 6n dinh Lyapunov chon ham ning luong dang toan phuong:
V() =x"Qx
, X1 , A
trong d6 x = - VEC to trang thai ctua hé.
X2

- Ap dung tiéu chuan Sylvester néu Q 1a ma tran vudng xac dinh duong, ching han c6 thé chon

0
Q:[ql } Q. O, >0 thi V(x)=>0 véi Vx.
0 qg,

- Str dung phuong trinh trang thai ban dau tinh dao ham ciia ham niang leong V (X)
- Néu V(x) <0 véi Vx thi hé phi tuyén da cho 6n dinh, tir 46 xac dinh diéu kién 6n dinh cua hé.
Pdp s6:
Hé phi tuyén d4 cho 6n dinh dia phuong tai goc toa d6 voi mién 6n dinh:
S= z{xz <1/2x¢ |
Bai tap 2: Cho hé diéu khién phi tuyén c6 so d6 khdi nhu sau:

\4
A 4

u € F (e) 1 Xy E X y:
S

trong d6 F(e) 1a khau phi tuyén tinh c6 dang:
- F(e) laham 1&: F(e)=—F(-e)
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- bichan: k; <F(e)/e<k,
Xé&c dinh mién |, k, dé hé 6n dinh.
Huéng dan gidi:
- Tir so db khéi viét ra phuong trinh trang thai caa hé phi tuyén bac 2
- Xét hé khi chua bi kich thich u=0
- Chon ham niang hrong Lyapunov dang toan phuong:
V() =x"Qx
X1

trong do x :[
X2

} - VEC to trang thai cua hé.
- Ap dung tiéu chuan Sylvester chon Q 1a ma tran ddi xémg xac dinh dwong, chang han:

31
Q:{1 2} thi V(x) >0 véi VX.

- Sir dung phuong trinh trang thai ban dau tinh dao ham caa ham nang leong V (x), bién dbi dua
vé dang toan phuong dbi véi bién k = F (%) /X, .

- Néu V (x) <0 voi Vx thi hé phi tuyén d4 cho 6n dinh, tir d6 xac dinh mién thay d6i cua k dé hé
6n dinh.

Dap SO:

Hé phi tuyén d4 cho on dinh tai gdc toa do véi k thay doi trong mién: 0.38< F(e)/e=k <2.62

Bai tap 3: Cho hé diéu khién phi tuyén c6 phuong trinh trang thai sau:

X =X
{)‘(2 =X, (X +2)+u

Tong hop bo diéu khién Modal 6n dinh héa hé phi tuyén.

Huong dan giai:

- Tuyén tinh hoa hé phi tuyén trong 1an can gdc toa do bang cach bo di ham phi tuyén x,x, , viét ra
phuong trinh trang thai dang ma tran caa hé tuyén tinh héa:

X=Ax+Bu
- Pua ra Véc to cac hé sb phan hdi trang thai K= [ k,
- X&c dinh phuong trinh dac tinh caa hé kin méi theo cdng thirc:
det(sl-A;)=0

Véi A; = A-BK

- Chon cac diém cuc mong muédn cho hé kin méi sao cho cac diém cuc ndy déu nam bén tréi truc
4o trén mat phang phac. Khi @6 phuong trinh dic tinh mong muén cé dang:

(s—81)(s—5,)=0

- Pdng nhat 2 phuong trinh dic tinh trén s& tim duoc cac hé s6 phan hdi trang thai 1am 6n dinh
hoa hé phi tuyén.

Pap s6:

V6i céc diém cuc mong mudn la: s, =1, s, =—2 thi bg diéu khién modal c6 cac hé s6 phan hoi
trang thai la: k; =2, k, =5.

Bai tap 4: Cho hé phi tuyén c6 so dd khéi nhu sau:
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X
AA

v

L
s—1

Tong hop bo diéu khién Modal 6n dinh héa hé phi tuyén véi cac diém cuc caa hé tuyén tinh hoa 1a
.8, =-2, S, =-3. V& so do caa hé thong.
Huéng dan gidi:
- Tur so dd khéi viét ra phuong trinh trang théi cia hé phi tuyén s dung phép bién doi Laplace
nguoc
- Tuyén tinh hda hé phi tuyén trong Ian can gdc toa do bang cach bo di thanh phan phi tuyén, viét
ra phuong trinh trang thai dang ma tran caa hé tuyén tinh hoa:
X=Ax+Bu
- Pua ra Véc to cac hé sb phan hoi trang thai K= [ k,
- X&c dinh phuong trinh dac tinh cta hé kin méi theo cong thurc:
det(sl-A;)=0
v6i A, = A-BK
- Xéc dinh phuong trinh dic tinh mong muén ¢ dang;
(s—51)(s—539) = 52 +55+6=0
- Bdng nhat 2 phuong trinh dic tinh s& tim duoc céc hé sb phan hoi trang thai 1am 6n dinh héa hé
phi tuyén.
Pap s6:
k=6, ky=6.
So dd khdi cua hé diéu khién modal nhu sau:

(op]
A

X
AA

v
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CAC DE THI THAM KHAO

PHIEU THI S6 1 ~ Chirky

o 7 To trudng bo mon
Man hoc: Ly thuyét diéu khién tu dong
Lop:

Cau 1: Nhiing ciu tric co ban caa h¢ thong diéu khién (4 diém)

CAu 2: Mb hinh trang thai cia hé khong lién tuc, cho vi dy (3 diém)

Cau 3: Cho hé¢ PKTD ¢6 so dd khdi nhu sau:

\ 4
@®
w

l
O
;

u
—% —A

Tim ham truyén tuong duong caa hé (3 diém).

Hoc sinh khéong dwge chita xéa, lam ban phiéu thi

PHIEU THI S6 2 Chir ky

T6 truong bo mén
M6n hoc: Ly thuyét diéu khién tu dong
Lop:

Cau 1: Trinh bay vé cac phép bién dbi so d6 khdi (4 diém)

Cau 2: Quy dao trang thai cia hé phi tuyén (3 diém)

Cau 3: Tim ham truyén s6 G(Z) va phuong trinh sai phan cua hé DKTD ¢6 ham truyén Laplace
nhu sau: (3 diém)
s+1

G(s)=—>"—
) s2(2s+1)+2

Hoc sinh khéng dwoc chita xéa, lam ban phiéu thi
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PHIEU THI S6 3 ~ Chir ky

o 7 To trudng bo mon
Man hoc: Ly thuyét diéu khién tu dong
Lop:

Cau 1: Ciu trlc cua bo diéu khién PID (3 diém)

Cau 2: Trinh bay vé md hinh tinh va cac khau phi tuyén dién hinh (4 diém)

Cau 3: Cho hé¢ PKTD ¢6 so dd khdi nhu sau:

_ s+1

Xo 1
2s+1

A

Xéc dinh tinh diéu khién duoc va quan sat duoc cua hé (3 diém).

Hoc sinh khong dwoc chita xéa, lam ban phiéu thi

PHIEU THI S6 4 Chir ky

T6 truong bo mén
M6n hoc: Ly thuyét diéu khién tu dong
Lop:

Cau 1: Tinh On dinh va tiéu chuan 6n dinh Gerschgorin cua h¢ thdng lién tuc tuyén tinh trong
mién thoi gian (3 diém)

Cau 2: Khéi niém vé phép bién ddi Z va céc tinh chat ciia n6 (4 diém)
Cau 3: Cho hé DKTD c6 ham truyén dat nhu sau:

253452 _s4+1

G(s)=
$6 1 25° 435 +2s% 452425 +1

Xa&c dinh tinh 6n dinh caa hé (3 diém).

Hoc sinh khéng dwoc chita x6a, lam ban phiéu thi
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PHIEU THI 865 ~ Chir ky

o q To trudng bo mon
Man hoc: Ly thuyét diéu khién tu dong
Lop:

Cau 1: Danh gia sai léch tinh ctia hé théng diéu khién (3 diém)

Cau 2: Khai niém vé diéu khién t6i wu va phuong phap téi uu dang toan phuong (4 diém)

Cau 3: Cho hé diéu khién phi tuyén c6 so d6 khdi nhu sau:

<
.
&
l

v

‘ 1
s+1 §5—2

Thiét ké bo diéu khién Modal 6n dinh héa hé phi tuyén véi cac diém cuc caa hé tuyén tinh hda
moi la s;=-1, $;=-2, s3=-3.

V& so d6 cua hé thong (3 diém).

Hoc sinh khéng dwoc chita xéa, lam ban phiéu thi
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