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2.4 Mo hinh hoa thurc nghiem
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* Gia thiét: y = a, + a,u

= Dat 0= lay a;]"

= Day s0 liéu thuc nghiém:

u = [u;, Uy, ug)?’

y = [YD Y27 YS]T

= Hé phuong trinh:

1 U9

1w

_ 1 U3 ]
—_—

A L e @

= Nghiém toi uu:

Y2

REY

e

0 = (o'0) o'y
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Chi don gian la xap xi da thuc?



Co mot vai van de trong vi du ..

= Tai sao lai lay 3 cap so6 lieu ma khong phai la 2, 4,
5, 6, ...7

= Néu s6 lieu do khong chinh xac thi sao?

= Lam sao bi€t truéc duoc y = a, + a,u. Né€ula
khac thi sao?

= Ta da bo qua yéu t6 thoi gian. Cai chung ta can
quan tam khong chi la quan hé tinh, ma quan
trong hon chinh la dac tinh dong hoc ctia hé
thong! (nghia la quan hé gitra u(t) va y(t))
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* Phuong phap xay dung mo hinh toan hoc trén co
sO cac so liéu vao-ra thuc nghiém duoc goi 1a mo
hinh héa thuc nghiém hay nhan dang hé thong
(system identification).

= Theo IEC 60050-351: “Nhdan dang hé thong la
nhitng thi tuc suy ludn mot mo hinh todn hoc biéu
dien dac tinh tinh va dac tinh qud dé cua mot hé
thong tit ddp ting ctia né doi véi moét tin hieu dau
vao xdc dinh ro, vi du ham bdc thang, mot xung
hodc nhiéu tap trang”.

= Theo Lofti A. Zadeh: Trén co sO quan sat so liéu
vao/ra thuc nghiém, cac dinh cac tham s6 caa mo
hinh ttr mot 16p cac mo hinh thich hop, sao cho
sai s6 la nho nhat.
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= SO liéu vao/ra thuc nghiém:
— Xac dinh nhu thé nao? Trong diéu kién nao?
— Dang nhiéu (nhiéu qua trinh, nhiéu do), d6é 16n cua
nhieu?
* Dang mo hinh, cau truc mo hinh
— Mo hinh phi tuyén/tuyén tinh, lién tuc/gian doan ham
truyen dat/khong gian trang thai, ...
— Bac mo hinh, thoi gian tré
= Chi tiéu danh gia chat lwvong mo hinh
— Mo phong va so sanh v6i s6 liéu do nhu thé€ nao?
» Thuat toan xac dinh tham so
— Rat da dang -> thuat toan nao phu hop véi bai toan nao?
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Gac huoc tien hanh
1. Thu thap, khai thac thong tin ban dau vé qua

trinh (“apriori” information)

2. Lua chon phuong phap nhan dang (truce tuyén/
ngoai tuyén, vong hé/vong kin, chu dong/bi dong,
thuat toan nhan dang, ...).

3. Lay so liéu thuc nghiém cho tung cap bi€n vao/ra,
xtt ly tho cac s6 lieu nham loai bo nhang gia tri do
kém tin cay.

Quyét dinh ve dan%mo hinh va gia thiét ban dau
vé cau truc mo hin

Lua chon thuat toan va xac dinh cac tham sé mo
hinh

Mo phéng, kiém chung va danh gia mo hinh
Quay lai mot trong cac budc 1-4 néu can

NOo Ok
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* Theo dang mo hinh str dung: phi tuyén/tuyén
tinh, lién tuc/gian doan, moé hinh thoi gian/tan s6
* Theo dang s6 liéu thuc nghiém: chu dong/bi dong
* Theo muc dich sir dung mo hinh: truc tuyén,
ngoai tuyén
* Theo thuat toan uéc luong mo hinh:
— binh phuong toi thiéu (least squares, LS),

— phan tich tuong quan (correlation analysis), phan tich pho
(spectrum analysis),

— phuong phdp 16i du bdo (prediction error method, PEM)
— phuong phdp khong gian con (subspace method).

= Nhan dang vong ho/vong kin
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Nhan dang vong ho/vong kin
— VA

u QUA TRINH | Y

a) Nhan dang vong hd

— ~

r BO PIEU | 4 | QUA TRINH | ¥
KHIEN

——0

b) Nhan dang vong kin
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= T6t nhat: Bo s6 lieu phuc vu kiém chung khac bo
sO liéu phuc vu uoc luong mo hinh

= Panh gia trén mien thoi gian:
1 & A
& =— [y(kh)—3(kR)
N i3

— hla chu ky trich mau tin hiéu (chu ky thu thap s6 liéu)
— kla budc trich mau tin hiéu (buéc thu thap soé liéu)
— yla gia tri dau ra do duoc thuc nghiém
— ¥ la gia tri ddu ra du bao trén moé hinh
= Panh gia trén mién tan so6
G(jo) - G(jo)
G(jo)

we®

E—max{

xlOO%}

Chwong 2: M6 hinh qua trinh — 2.4 Mé hinh héa thuc nghiém  © 2006 - HMS



A} ALY
4 L 4 N y N Y

Dong tai nhiét

Ty, wy y (tin hieu do)
u
-------- t
(tin hieu :
mo van) !
Dong qua trinh \ @ .
Ity, we / Icy

Tﬂzl

= Mo hinh thuc nghiém thé hién ca dac tinh qua
trinh, dac tinh thiét bi do va thiét bi chap hanh
(tham chi ca hé thong truyén thong)!
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2.4.1Nhan dang dua trén dap img qua do

|
0
0
a) Quan tinh b) Quan tinh-nguoc
0 0
¢) Dao dong tdat dan d) Quan tinh-tich phan
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= Pdp ung qudn tinh (a): c6 thé xdap xi thanh mo
hinh quan tinh bac nhat hoac bac hai c6 tré
— FOPDT: first order plus dead-time
— SOPDT: second order plus dead-time

= Ddp ung dao dong tat dan (c): co6 thé xap xi thanh
mo hinh dao dong bac hai (SOPDT).

= Pdp tng tich phan (d): co thé dua vé xdap xi thanh
mo hinh quan tinh bac nhat hoac bac hai co6 tré
cong thém thanh phan tich phan.

* Ddp ting qudn tinh - nguoc (b): mo hinh c6 chwa
diém khong nam bén phai truc ao (hé pha khong
cuc tiéu) => can phuong phap chinh xac hon
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A k
~ 1= -L
Mo hinh FOPDT: G(s)= e’
1+7Ts
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1
- I A
Sl
§1_5}
o
= [ R
o 1} Ay, =kAu
= [
= [ 0.632Ay,
© 0.5_'
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L TEI .10 15 20
R E— Time (sec)
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* Vi du qua trinh c6 mo hinh ly tuéng G(s) = 1P
s+

< . A 9 ~
= MO hinh wodc luong: G(s) = e 228
1+3.25s

2.5 T T T T

Real axis

0 ' - - - -2 - -
0 5 10 15 20 25 -1 0 1 2
Time (sec) Imaginary axis
a) Blde tinh thoi gian b) Pdc tinh tan so
— mo hinh ly tuong, — - mo6 hinh uéc luong
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k
e—Ls
1+Ts

Mo hinh FOPDT:  G(s) =

Change in output (Ay)

| I [T=150,-1t)
l | |L=15@ —t,/3)=t,-T

Time (sec)
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= Vi du qua trinh c6 mo hinh ly tuong G(s) = Gr1F
s+

tl = 3.55s, 2 = 5.45s
=>T=1.5(5.45s — 3.58) =2.85sva L=5.45s — 2.85s = 2.6s.

A 1s ) A 2
= MO hinh uwoc luong: G(s) = o 269
1+ 2.85s
25 T T T T 1
, R 05
o
o 0
< 157 - z
: E o
o | g
-1
0.5 - 15
!
0 _ L L L L -2 L L
0 5 10 15 20 25 -1 0 i 2
Time (sec) Imaginary axis
a) Bdc tinh thot gian b) Pdc tinh tan sé

— mo hinh ly tuong, — - mo6 hinh uéc luong
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M6 hinh FOPDT: é(s) — k e Ls
1+Ts
25 - T ]
- | T+L:j£-
2: ‘ [ ] kAu
| | .
15| N | SRRSO
Ayoo = AO T — 0
. : jT+LA dt
> A - T — ed, _Jo Y
| | . | kRAu RAu
B T + 10 15

L Time (sec)
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k —Ls

= Mo hinh SOPDT G(s) =
0 hinh 50 () A+ Ts) 1+ Tys)

Hé s6 khuéch dai tinh xac dinh dua trén gia tri xac lap

= Thoi gian tré xac dinh dua trén ké tié€p tuyén tai diém uon
(hoac phan tich s0 liéu trén may tinh)

= Chon hai diém qui chiéu T, va T, (vi du tuong ung vaoi 33% va

67% gia tri xac lap):

t,-L t,—L

Tye " —Tle_ h - Ay() _
T -1, Ay

1+ 0, 1=1,2

o0

» Giai duoc bang phuong phap s6, khong co6 gi phic tap néu
sir dung cac cong cu tinh toan nhu MATLAB (vi du ham
fsolve trong Optimization Toolbox)
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(s+1)°

= Vidu qua trinh c6 mo hinh ly tuong G(s) =
= Mo hinh uéc luong:

k=1.08, L=12.3s

T1 = 2.9985s va T2 = 2.9986s

1.4

Qutput
Real axis

0 10 20 30 40 50 -1 0 1 2
Time (sec) Imaginary axis

(— mo hinh ly tuong, — — mo6 hinh FOPDT, —— mo6 hinh SOPDT)
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= Mo hinh ham truyeén:

_ k e—Ls G — k e—LS
D™ 6(1 + Ts) 20 s+ Tys)(1 + Toys)

= Co6 thé dua vé nhan dang mo hinh FOPDT hoac
SOPDT :

— St dung tin hiéu kich thich dang xung thay cho tin hiéu
bac thang.

— St dung tin hiéu kich thich dang bac thang, nhung lay
s0 liéu la dao ham cua tin hiéu dau ra thay cho truc tiép
gia tri dau ra. Nhuoc diém: co6 thé dua qua trinh ra khoi
pham vi lam viéc cho phép.
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2.4.2 Phwrong phap phan hoi ro-le

= Astrom va Hagglund dua ra nam 1984 dé uoc
luong hé so6 khuéch dai téi han K, va chu ky dao
dong toi han T, => chinh dinh bo PID theo phuong
phap Ziegler-Nichols 2
= Thuc chat la mot phuong phap tan s6, chi nhan
dang duoc dac tinh tan so6 tai tan s6 tuong tng
v6oi 180° ctia hé kin
= Mot trong nhing phuong phap nhan dang hé kin
duoc st dung nhiéu nhat béi cac wu diém:
— Pon gian, dé tién hanh
— It chiu anh hudng ctia nhiéu
— Nhan dang hé kin xung quanh diém lam viéc
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T' — 1 4d
““1G(m,)|  ax
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2.4.3 Thuat toan hinh phuong t6i thiéu

G
= Gia sir qua trinh c6 thé duoc mo ta béi

y(ti) — @1(ti)‘91 + ¢2(ti)92 +ot (pn(ti)en — @T(ti)g

— y(t) la gia tri ctia dai luong quan sat tai thoi diém t,
— g la vector tham s6 ctia mo hinh can xac dinh
— ¢Tla vector ham biét trudéc (vector hoi qui)

0=[6, 6, ... 0,] o"W)=[nt) &E) ... 9,@)]

= @ can duoc lua chon nhiam t6i thiéu hoa ham muc tiéu cho
mot khoang thoi gian quan sat [t;, t,]:

V(@.ty) =2 (¥(t) - i) = > (v) - ¢T(ti)9)2
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= Sur dung cac ky hieéu:

(1) | y(t)
(D: , (DEERan W: , l/jemel
_CDT(tN)_ _y(tN)_

= Ta co6 thé viét
OO =y

* Pua ve bai toan tim nghiém t6i vu toan phuong

0= arg min[(w —~ 0O (v - CDH)]

= Nghiém t6i wu voi o’e kha dao van <N (bK kich
thich) X
0=(@'0)' o'y =0Ty
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Mo hinh dap ting xung htru han (finite impulse response,

FIR):

y(t) = zn; giu(t — 7)

Xac dinh day trong luong { g}

Pat vector tham soé:

0=lg 9 - u
Vector hoi quy:

o (1) =[ult—1) ult—2) ... ult—n)
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= Chon thoi gian quan sat tir (n + 1) dén t, ta co:

¥ =[un+1) yn+2) -~ YO
u(n)  un-—1) - wu(l)
P = : : :
u(t—1) w(t—2) - u(t—n)

= 6= (®"®) 'dTy = Dy

= u(t) phai dam bao diéu kién kich thich. Gia st tin hiéu bac
thang duoc chon, kha nang rat cao la mét so6 cot cua @ sé
giong nhau hoan toan va do dé phu thuoc tuyén tinh.

= => Tin hiéu thich hop nhat la dang ngau nhién, vi du 6n
trang hoac PRBS (pseudo random binary signal)
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Mo phong dap tng bac thang don vi cia qua trinh c6 ham truyén:

9 —1.5s
Gls) = (s + 2)(s + 3)(s* + 0.65 + 1.09) 6

chu ky trich mau tin hiéu T = 0.5s, gi6i han quan sat t = 100T, chieu dai
day trong luong n = 40

0.25 . . . 0.25 . . .
W _ ' ' ' O _
@ 015 o 015
= ' o '
=l ' ‘=g .
g 0if---f -t AN N
o C
@ 005¢-- @ 005f--
a a
E 0 E o

-0.05 -0.05

0.1 : : : 0.1

0 5 10 15 20 0 5 10 15 20
Time (zec) Time (sec)

a) Khong cd nhieu do b) Cé nhiéu on tring



Udc lrong tham sé mé hinh ARK
Gia str qua trinh duoc mo ta béi moé hinh ARX:
A(g y(t) = B(g "u(t — d) + e(t)

trong do d > O (cho trudc) va
A7) =14 a1g7" 4+ - + ayeq™ ™
B(g™') = by + big ' + - + byyg ™
Phuong trinh dugc viét lai duéi dang
y(t) — _aly(t — 1) - anay(t _ na) +

+bhou(t — d) + byu(t —d — 1)+ - + byyu(t —d — ny) + e(t)
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Pit vector tham s6 mé hinh can xac dinh la
0 =0 an b o byl
va véc to hoi quy
e () =[-yt=1) - —ylt—mn,) u(t—d) - u(t—d-—n)]
ta co thé viét
y(t) = @ ()0 + e(t) = 4(t) + e(t)

Mo hinh t6t nhit duoc coi 1a mo hinh dwa ra du bao 16i nho
nhat theo nghia binh phuong toi thiéu, tac la

é — arg minZ(y(t@') — ?3(97 tz'))2

1=1
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Dat
m = max(na,nb + d) + 1

va chon thoi gian quan sat tr mdén ¢, ta co

'—y(m.,—l) —y(m.—na) u(m.—d) u(m—.d—nb)'

—y(t—1) - —y(t—mna) u(t—d) - u(t—d—nb)]

va

Dé thay ring ma trin ¢ can phai c6 s6 hang 16n hon hoic
bang so cot va vi thé giéi han quan sat t can dugc chon it
nhatbang m +n_ +n, —1

= 0=@"0)'0o "y =y
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= Vi du qua trinh c6 moé hinh ly tuong

G( ) _ 22 6—1.55
(s + 2)(s + 3)(s*> + 0.65 + 1.09)

duoc mo phong cho truong hop khong cé6 nhiéu do va cé
nhiéu tap trang (ti le NSR 5%) dé€ lay s6 lieu

Chu ky trich mau T = 0.5s, giéi han quan sat t = 10s (20*T)
Cau truc mo hinh duoc chon: na=nb=3,d=3
= Két qua kiém chimg mo hinh nhan duogc

0.25 . . . 04

02
@ 015 021
E
& 01 %
i ' = 0
& 005 F
a ;
E 0 02§

-0.05

-0.1 ' ' ' -0.4 ' ' ' '

0 5 10 15 20 -06 -04 -02 0 0.2 0.4
Time (sec) Imaginary axis
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= Thoi gian tré bi€t trudc: chon na = nb va tién
hanh uoc luong tham s6 theo mot quy trinh lap,
bat dau voi mot s6 nho cho dén khi sai léch mo
hinh (kiém chung dya trén bo s6 lieu thie nghiem
khac) co thé chdap nhan duoc.

» Thoi gian tré chua bi€t trudc: ti€én hanh nhu trén
nhung sau do kiém tra cac tham sé ctia mo hinh.
Nhtng tham s6 dau cua da thuc tir s6 c6 gia tri
xap xi khong cho biét thong tin vé thoi gian tré
cula qua trinh => giam bac cua ca hai da thuc ti
va mau (ttec na va nb) dung bang s6 tham s6 ctia
xap xi khong, sau do chay lai thuat toan uéc
luong tham s6 mot 1an nira dé tim ra mo hinh co
tré thuec.
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2.4.4 MATLAB ldentification Toolbox

= Biéu dién s6 lieu thuc nghiém
Data = i1ddata(y,u,Ts)
* Dang mo hinh st dung:
— bap ung tan so6: tao moé hinh bang lénh idfrd
— Cac mo hinh da thue (ARX, ARMAX, Box-Jenkins, PE,...):
tao mo hinh bang cac lénh idpoly, idarx, ...
— Mo hinh trang thai: tao mo6 hinh bang lénh idss
* Thuat toan uoc luong mohinh:
— Mo hinh FIR: ham impulse
— Mo hinh dap ung tan s6: ham spa va etfe
— Mo hinh ARX va AR: ham arx, ax, 1v4va IvXx
— Uoc luong mo hinh ARMAX va ARMA: ham armax
— Ud6c luogng mo hinh trang thai: ham n4sid
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*= Vi du qua trinh c6 mo6 hinh ly tuong

2

G(s) =

= Ma chuong trinh

6—1.55

(s + 5)(s + 9)(s* + 0.65 + 1.09)

% create simulation data

h =0.5;

time = [0:h:20]’;

u = randn(size(time));

y = Isim(G,u,time);

% estimate model parameters
data = iddata(y,u,h);

M1 = arx(data,[3 3 3]);
M2 = arx(data,[4 4 3]);
% plot step responses
step(M1,'k+',M2,'k.',20);
hold on;

step(G,'k-",20);

grid on;

G = zpk([],[-0.3+] -0.3-j -5 -9],2, 'Inputdelay’,1.5);

Chwong 2: M6 hinh qua trinh — 2.4 Md hinh hoa thuc nghiém

© 2006 - HMS



Step Response

0.06 T

0.05

0.04

0.03

Amplitude

0.02

0.01

_0.01 ! ! !
0 5 10 15 20
Time (sec)
Hinh 4-30: Kiém chimg mo hinh ARX nhan dang voi MATLAB Identifieation Toolbox
cho vi du 4-18 (—— m6 hinh ly tuong, - - - mo hinh woe luong cho bae 4,

+++ mo hinh wde luong cho bac 3)
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2.4.9 Lua chon phuong phap nhan dang

.|
* Qua trinh cho phép nhan dang chu dong va doéi tuong cé
thé xap xi vé mo hinh FOPDT (hoac c6 thé c6 them thanh
phan tich phan):

— Phuong phap hai diém qui chi€u theo don gian va dé ap
dung truc quan nhat,

— Néu c6 nhiéu do va thuat toan duoc thuce hién trén may
tinh thi phuwong phap dién tich cho két qua chinh xac
hon.

= Qua trinh cho phép nhan dang chu dong va phuong phap
thié€t ké€ diéu khién str dung truc ti€p mo hinh gian doan:

— Neén chon cac phuong phap uoc luong dua trén nguyén
ly binh phuong t6i thiéu ap dung cho mo hinh phu hop
voi bai toan diéu khién (FIR, ARX, ARMAX,...).
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= Qua trinh khong cho phép nhan dang chii dong vong ho:

— Phuong phap nhan dang dua trén phan héi ro-le va cac
phién ban cai tién té ra tuwong doi da nang va dac biét
phu hop cho thiét ké diéu khién trén mién tan so.

— Né€u chat luong moé hinh can cao hon thi nén ap dung
cac phuong phap binh phuong téi thié€u.

* Qua trinh hoan toan khéng cho phép nhan dang cht dong:

— Néu phuong phap thiét k€ diéu khién st dung trire tiép
mo hinh gian doan thi cac phuong phap binh phuong t6i
thiéu la phu hop nhat.

— Chi nén st dung phuong phap phan tich pho tin hiéu
khi phuong phap thiét ké diéu khién hoan toan trén dac
tinh tan sé.
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= Hiéu ro cac yéu té co ban trong xay dung mo hinh
bang phuong phap thuc nghiém

= Nam duoc cac van dé kho khan, tréd ngai trong cac
buoc tién hanh nhan dang

= Hicéu duoc nguyeén tic co ban va co6 duogc ky nang
tu thue hién duoc (bang moé phéng) phuong phap
uoc luong cac mo hinh don gian dwa trén dap ung
bac thang don vi/phuong phap phan hoi ro-le

= Nam duoc nguyén tac co ban ctia phuong phap
binh phuong cuec tiéu, ap dung duoc trén hai lop
mo hinh FIR va ARX (thong qua mo phong)

= Nam duoc so luoc vé chon phuong phap
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= Poc thém
— Chuong 4 cuon sach giao trinh: Co s6 hé thong dieu
khién qua trinh.
— Cuon sach “Nhan dang he thong diéu khién” (tac gia
PGS. Nguyén Doan Phuoc)
— Cuon sach “System Identification — Theory for Users” (tac
gia: L. Ljung).

= Cau hoi, bai tap:
— Cac cau hoi va bai tap cu6i chuong 4 trong sach giao
trinh
— Stur dung MATLAB, chay lai cac vi du trong bai giang va
trong chuong 4 cua cuéon sach
— Tu lay vi du va ap dung cac phuong phap da hoc.
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