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Abstract

The optimization of sampling control systems, using of
methods of continuous control systems, is limited to
approximations and  special relations  between
parameters. These insufficiencies may be avoided by
definition of optimization methods for digital controllers
without any approximations. The submitted paper
especially deals with the Digital Gain Optimum (DGO).
Two examples demonstrate the application of DGO to
design digital control structures in the state space.

1. Mé dau
Muc tiéu ly tuéng cia t0i uu module 1‘(:1 lam sao‘cho hé
kin (c6 phan hoi dau ra) c6 gia tri truyén dat la hang voi

a +3y Y w,
j=1

Thong qua x phuong trinh ta co thé tinh duoc x an, la
cac tham sb ciia by diéu chinh (DC). Nhu da biét, cac
cong thirc tinh bo tham s6 DC s& dic biét don gian, néu
ta dat vin dé khir cac hang sb thoi gian lon va doi hoi
N=0. Tir do, véi cong thirc (3) ta chi con can x=1, tdi uu
module cho tin hiéu dau vao khong co quan tinh. Tdi uu
module cho truong hop tin hiéu vao c6 hodc khong cod
quén tinh (t6i uu ddi xung) la truong hop dac biét cua
t6i uu module. Viéc mo rong t6i uu do khi N£0 cho cac
hé c6 quan tinh dugc gidi thiu trong [3].
Thiét ké t6i uu module twong tu da dugc st dung kha da
dang trong cic bo DC kinh dién [4]. Vi vay, dé dang
nhén thiy nhu ciu vé mdt phuong phap thiét ké hé
théng diéu khién (PK) sb cho ca cAu trac nhiéu mach
vong 14n cdu tric PK trén khong gian trang thai. Bai
viét nay gioi thiéu phuong phap thiét ké ,, Toi uu module
s6“ (TUMS) va ung dung dé tinh cac hé s6 phan hoi

i1 = b2+22(1)’ e g B

moi tan sb (vi vAy con dugc goi la toi wu gia tri). Nghia
1a, ham truyén dat G, ciia hé phai théa man:

!

G, o)|=1 0
cho dai tan sb cang rong cang tét [1]. Theo Taylor va
Mac Laurin, diéu kién trén dong nghia véi viéc phai nd
luc khur cang nhiéu dao ham cta ham G, tai dxem w=0
cang tot. P6i voi cac hé lién tuc véi ham truyén dat cho
trude cia hé dudi dang:

G _a0+alp'-i—...+aNpN
g(p)_b b 1 b M
o TOp +...+0yp

sau mdt vai bién dbi ta s& thu duoc cong thic (3) dudi
day phuc vu tinh cac tham so:

(@)

3)

trong cdu tric DK trang thai théng qua 2 vi du minh
hoa.

2. Toi wu module so (TUMS)
Viéc thoa man doi hoi theo cong thirc (1) cho mét dai
tAn s6 rong doi véi hé thong DK sb s& bude ta phai van
dung cong thuc Euler.

z=cosoT + jsinoT ()
Néu ham truyén dat cia V(‘)ng DC s6 ¢6 dang
G (z_‘> ay+az'+.+az"
" N

k‘hi 4y ta thu dugc module (gia trj bién do) cuia déc tinh
tan nhu sau:

(ao +a,z” +...+anz"”)<a0 +a,z' +...+a,,z")

|Gz>'|2 p=he (Z_I)Gg (Z) i

Véi:
2 4327 = 2oowieT
ta tinh duogc:

(N
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GG =375

n n-i
iZaiz —+ Zcos in(Zaj “ajyi)
m m- I

—sz +Zcossz(Zb

Cong thiic (8) chi chua cac ham cos, vi vay khi ®—0 ta
co:

d2,\'+] (z_4>

v x b o

WZO, x—0,1,2,... 9)
Theo do ta chi co thé khir duge s0 lugng dao ham béc
chan, dang bang s6 tham s0 tur do ta ¢6 khi thiét ké. Vi
mot'véi bién doi, ta co thé thu dugc cac oong thirc thiét
ké t6i uu sau khi tinh cac dao ham béc chan ctiia phuong
trinh (8) (xem [5], [6]):

n n—i

l-2x
E : § :aj ;i
=l =0

®)

bjsi)

C6 thé tiép tuc don gian hé phuong trinh (10) bing mot
phép thé. Cir sau mot lan lay dao ham x>1 lai triét tiéu
duoc tir tong phan tich c6 hiéu chi s6 bé nhat va gia tri
ctia h¢ s trong luong cua cac s6 hang thuéc tong lai bé
di. Cac hé sé i** s& duoc thay thé boi cac hang s6 K.,
theo cong thire (11) (xem [7]):

K.x',i o Kx.i—l 75 Kx,i——Z i K.\‘,i—3
FK, iy Ly khix> 1 i
K. =i khix=1; K,; =0 khix,i<1

Khii=9vax=9taco gia tri cua cac hé s trong luong
tap hop trong bang 1.

Vé nguyén tic co thé thu dugc cac phuong trinh tinh
tham s6 bo PC truc tiép bang cong thire (10) va (11)
cling nhu bang 1.

Vi du:

Cho trudc 1a mét vong DC don voi bd DC s6 Gg(z") va
mo hinh ddi tugng PK G«z") trén mién anh z, la md
hinh thu dugc duédi tdc dung cua khau gili cham bac
khong (ZOH: Zero-Order Hold).

ek Ve(l+dz7")
m m—i (10) 1 W i
:Zi“ Zb.-b.+i S aeryy - (i o
f o 104 154 V. (1¥nz") -
. g 0 1 R
a, n: Cac h¢ so béc cua da thire twr so cua Gy(z s I+ m, z7 )
b, m: Cac hé s, bc cua da thirc mau sb cua G G %)
Dao ham 1 2 3 4 5 6 7 8 9
2 1 1 4 9 16 25 36 49 64 |81
4. 2 0 1 6 20 50 105 [196 [336 | 540
6. 3 0 0 1 8 35 112|294 [672 |1386
8. 4 0 0 0 1 10 54 210 |660 |1782
10. 5 0 0 0 0 1 12 D h352 ) 1287
12 6 0 0 0 0 0 1 14 104 | 546
14. 7 0 0 0 0 0 0 1 16 135
16. 8 0 0 0 0 0 0 0 1 18
18. 9 0 0 0 0 0 0 0 0 1
B.1  Thay thé cdc hé s6 i** theo cong thic (10) boi K.; theo cong thiic (11)
Khi bu diém cuc bdi d, = m, ta phai tim hé s6 khuéch e~ Tinh céac tong cuia tich theo cong thuc (10).
dai BC Vg: ; Giai hé phuong trinh dé tim nghiém 1a b tham s6
Tir dao ham bac 2 (x=1) cuia ham truyén dat ta co: PC.
! Qua sy lién quan giita cac hé s6 clia vong BC va cac
1‘[V0 '(VO el )]: phuong trinh tong quat cia bo PC va ddi tuwong bK

(=14 (1) (%) + Vo (Vo m)| +

+4: 1V +(=1)- (Vo m )|+ 9:[1- (V- m)]
Giai phuong trinh ta thu dugc:
1

V,-(3+5n)

Viéc tinh toan dugc thuc hién theo 3 budc:
+  Tinh céc hé sé cho vong c6 phan héi: a,, b, ciia (5).

V,=

trén mien anh z, cling nhu bing viéc gian udc cac hé sb
ty 18, ta co thé tiép tuc don gian hoa hé phuong trinh
(10) va tim dugc nghiém cho méot s6 truong hop thuc
tién 1y tha nhat dinh. Khi tinh, can phan biét gifta viéc
tinh bang tay (TBT) hay tinh bing méay (TBM) tinh. Vé
vén dé nay, tai liéu [6] da xét tdi cac truong hop sau:
1. a: Tim t6i wu cho tin hiéu vao khong c6 quan tinh
= al: Xac dinh da thirc tir s6 bang phép bu
+ TBT: Giai hé chi bang cac phép tinh s6 hoc
+ TBM: Dung bang dé tinh ¥y ctia bd DC
cho dbi tuong DK cu thé hodc bién doi hé
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phuong trinh tong quat va phan biét 2
phuong an c6 / khong co thanh phan tich
phan.
= a2: Khong st dung phép bu
+ TBT: Giai hé phuong trinh tuyén tinh
+ TBM: Tinh theo nguyén tic dé quy
(recursive)
= a3: Tim da thue tr s6 cUa bo BC béng phép bu
va cac hé s6 (1+b,z") thudc mau sb (thanh
phéan D co quan tinh - chi han ché vao mot s6
truong hop va cau truc PID)
+ TBT: Giai phuong trinh béc 3
+ TBM: Han ché vé nghiém riéng ciia vai
truong hop déc biét
2. b: Tim tdi uu cho tin hiéu vao ¢6 quan tinh
= bl: Loc ddu vao va bd Pl
+ TBT: Phuong trinh béc 2
+ TBM: Tra d6 thi cho cac ddi twong DK cu
thé
*  b2: Loc dau vao va bd PID
+ TBT: Hé phuong trinh phi tuyén
Viéc tim anh z ctia déi twong DK va tinh bd tham s6 DC
dugc thuc hién (tot nhit nén) biang mot bo phén mém
toan (vi du) nhu MATLAB (8], 1a bo phan mém c6 kha
nang lap trinh véi ngén ngir rét dé hoc. Co thé hd tro
thuat toan giai cac phuong trinh phi tuyén bang cach
chon trudc co chii dich cac gia tri ban dau khi tim bo
DC can t6i vu (suboptimal) khi khong bu hang sé thoi
gian 16n nhét [9]. Khi tim bd DC bing MATLAB, cong
strc tinh s& quy vé viéc chi can tra 1o duoc mét sb cau
hoi (vi du) nhu:
¢ Céc bién vao: c6 quan tinh / khéng co quén tinh
*  Butriét tiéu diém cuc: khong / co
*  Thanh phén tich phan: khong / ¢6
¢ Cho trudc béc clia tir s6 bd DC cén tim
So voi t6i ru module cua by PC analog, t6i uu module
s6 ¢o cac uu dlem sau:
¢ Khéng can dinh nghia hing s6 thoi gian tong
(khéng can khir hang s6 thoi gian bé nhat).
o Déxu ly cdc thoi gian tre gap nguyén hodc khong
nguyén lan chu ky trich mau.

e Déxirly cac mé hinh thiét bi DK trén co so cac bo
trich mau.

*  Xu ly don gian va chinh xac cac phép do gia tri
thuc trén co s¢ do gia tri trung binh.

»  Trong vai truong hop, c¢6 thé sir dung cho ca dbi
twong DK ¢6 pha khong cuc tiéu.

Céac muc tiép theo s& chi ra kha nang st dung TUMS

cho ca cac cau truc DK trén khong gian trang thai.

3. Cau truc DK trang thai thiet ke theo toi
uu module so

Vi du minh hoa la cdu tric PK dac trung clia truyén

dong dién (TDD) da dugc don gian hoa trong [3]. So do

cau trac da qua chudn héa cua mot dong co dién, ghép

mém véi may cong tac duoc minh hoa & hinh 1.

s - i e o g I
4 pTy i pT: || + pT,

i Ny AN ' m T n.

l i pTSl

H.1  So do cau triic don gian da chudn héa cua mot hé
truyén dong dién ghép mém vaoi phu tai

Vong DC dong trong cung dugc thay thé g,an dung boi
khau ty 1 c6 quan tinh bac nhat véi hang s6 thoi gian
T,. Céc gia tri thuc khé do (momen quay) gia thiét duoc
thu thap bang khau quan sat va s& khong dugc dé cap ¢
day.

1. Cau triic OC thi 1

Giai phap PC trang thai cia hé TDD ghép mém nhu
hinh 1 duoc gidi thiéu trong hinh 2a (xem [3]). Viéc
kiém tra ham truyén dat theo dac tinh chu dao gilia toc
do quay cua dong co ny, va cua phu tai n; s€ chi ra su
ton tai cua thanh phan tich phan. Do d6 chi can gan cho
khau DC téc do Gz mot cdu tric ty 1¢. Khau quan sat
ding "dé do" momen tai m; s& khéng duoc xét dén
trong ham truyén dat d6. C6 thé khir sai léch tinh khi co
nhiéu bz"mg viée cho trudec mot hé sé K;. Theo nguyén
tic gia trj cudi ta co:

KI. o 1 + Km

l A 0

Reesr
REEE I_ R
—iel =

pTy || + pT, e pT,
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H2

Giai phdap DK trang thai cho hé TDD ghép mém - Cdu
triic 1. a) Mién anh Laplace; b) Mién anh Z

Sau khi bién dbi z va chon trudc khau BC dc tinh P
(K,) ta thu dugc hinh 2b. Ham truyén dat G(z"') c6
dang:

-1

Z

V- (1 fie n].‘.Z_I i L n.‘,".z_y)-

o)

P(z—‘):(l—z“');y:3 khi x=14

)-(1 S0 mlz_l A mzz*2 +m32_3)

P(z_'):l;y:2 khi x=2,3

Viée tinh b tham sb K,,K, va K, theo phuong phap
TUMS duoc thuc hién theo 2 budc:

*  Bude 1: Tinh cac hé s6 trong lugng K, va K,

Khi str dung dinh nghia theo cong thire (5) cho G=m/y
rng voi hinh 2b

ay=0;a =K, V,;;a
a, =K,V ny; a0, =

=K, Vm,
K,V,ans,

b0 =l;bI =KV, -1+m, —1+KAV22-1
+KII1VZ3.1

b KIIV/In]|+m2_m|+KAV22 (n12—1)
+KWV23'(”|3 _1)

by =KV, ny +my—m, +K,V,, (”22 _”lz)

+ K/nVZ3 ‘(}’123 i nIJ)

b V.

n /In3l

2

_m3+KAsz'(_"

+ K,V '(_ ”23)
Cong thuc (10) va bang 1
= —(a,a2 +aya, + a,a, +4(a,a3 +aza4)+9'ala4)+
+ b, + b, +b,b, + bib, +4(b, +bb, + bb,)
+9(b, +bb,)+16b,;
(13)

V6i hai phuong trinh (12) va (13) ta ¢6 thé tinh duoc bd
tham s6 mot cach dé dang (sir dung ham "fsolve" cua

a,=0;a,=V,3;a, =V,3n,;a, =V,;n,;;  MATLAB). Céc két qua tinh cho mét vi du cu thé bing
s6 duoc tap hop trong bang 2.
by =10, =m +KpV;, +K,Vy; o
B.2  Vidubang so khi giai cdac phuong trinh (12) va (13)
by=m,+K,V;,n, +K V,n, voi T=Ts/4=T/5=Tf30
TL/T KA K,,, K,, KL Kurve
by =my +K,\V,,ny, + K, V,n,, 30 1,816 [-0940 [0,769 [0,06 |14
ta s& thu dugc tir cong thire (10) va bang | 60 2,217"] -0,461 528> 170,54 2%
120 2,418 | -0,222 2,207 10,78 3,6
0=—(aa, +a,a, +4a,a, )+ b+ bb,
+b,b, +4(b, +bb,)+90b, Trong vi du ta co "T’ 1a chu ky trigh mau cuia cdu tric
o ( o ; 3) g (12)  DC s0. Céc két qua mod phong hai ddc tinh ny, va n,
0=—aa, +b, +bb, +6b, dugc tap hop trong hai hinh 3a/b. Trong do cic déc tinh
g " 5 2 s 1,2 va 3 la dac tinh chu dao, con 4, 5 va 6 1a dic tinh
g ; nhiéu.
®  Budc 2: Tinh hé s6 khuéch dai K,
Sur dung cong thire (5) cho G,=n,;/w theo hinh 2b
Loy - 58
[ SR Aric SYBTLTI6 S L DBIEC
g : e G vt 5 5 A
L /Y2 AR : . A S A/ st s b-ib bt szl i
1 e FErE » A e R R :
A povb } B T : Ly :  HAAN :
--------- B R e s S
54 o lnin gl : : i1/ o : :
7'/ . ' TR by | S IR i el R :
Jne/ R R e Rl i F——" ! : ! ] :
.zl,":)(/_/_/' oo ARTT AL : ! ; / /,_/ : ! i néy
e / S foo 20 § BB ke * LI ¥0T : y : : : 200!
#\ - : : i 300 - T S —— 1 v
A 1 : b INees /"ﬂf : : T
R e D il : ; i e 4 : : :
T kg [\ ot o i deid o i i oo i

a) Toc d¢ quay cua dong cony
H.:3

b) Téc do quay [)hl(l phu tai n,

Ddc tinh chu dao va nhiéu (ddp 1ing budc nhay) cho vi du bang sé o bang 2 (ddc tinh s6 7 - dé¥tiong khong DC)
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Sau khi phén tich cac ddc tinh ta thu duogc cac tham )

chat luong dudi day:
Dic tinh chu dao Dic tinh nhiéu
Dic tinh s0 5} 4 > 6 7 8

Tol/T w100 102 71801 6.4 204 . 11,2

M Y2 105 o Bl a6 5 2.2, ] 15,8

Romriase | b | 3 4 L1 1 30 58 Lk 10,7
1%

n | 42 4,1 42 1 19 1l 0.7

Tog/T my | 212 | 225 [\ 270 4162 130 | 160

2Nl 225 | 2 |60 171 142

Cac két qua trén la hoan toan twong duong voi hé co
DC analog nhu trong tai ligu [3].

Yo § g,
+ t- G,
G, G, G,
i

+ K, ]
+
+ K; Ny
i my

K,
+

K

H.4  Giai phap DK trang thai cho hé¢ TDD ghép mém - Cau
triic 2 (a: mién anh Laplace; b: mién anh z)

mg

I Z=1N

.

W TRef Y Yo T i #L
i - 1+pT, - pTy
} 1 = pl
<
+
+ p |
n?
o S
i hided| p
1-e™
p

2. Cdu tric DC thir 2

Dua theo [10] ta ciing co thé thiét ké cho h¢ TDD ghép

meém & hinh 1 mot cdu trac DK trang thai nhu hinh 4a.
" Pé bao dam do chinh xac cho céc dic tinh chu dao va

nhidu & ché do tinh, ta phai xac dinh 2 tham s6 sau.

Theo nguyén ly gia tri cudi ta co:

Vi =K, +K,

v, =—(1+K, +K;)

Hinh 4b minh hoa cAu tric DC trén mién z. CO thé t
dong hoéa qua trinh thiét ké cAu trac 1: Bién ddi z va cac
phuong trinh (5) va (10) ciing nhu giai cac hé phuong
trinh con bing mot phan mém toan. Diéu nay duoc giai
thich ngén gon trong phén tiép theo. Cac ham viét trong
ngodc don chinh la cic ham vi du da duoc su dung (m-
Files) trén nén MATLAB. Qué trinh tinh dugc tach
thanh 2 Files:

File 1:

»  Pinh nghia céc da thic tir s§ va mau sO cua
ham truyén dat lién tuc.

«  Tap hop thanh md hinh trang thai cia doi
twong DK du6i dang dudng chéo (tf2ss,
append).

= Ghép céc khdi ciia md hinh lién tuc theo hinh
4a va tim h¢ da ghép ndi — mo ta trang thai cua
dbi tuong (connect).

=  Bién déi Z (c24).

@AUTOMATION TODAY
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4a)

»  Giai hé phuong trinh bang cach goi File 2

(Esolve).
File 2:
*  Pinh nghia ham truyén dat voi bo tham s6 BC
va khai bao:

+ Céc tham sb can tinh
+ Céc tham sb da tinh
4+ Céc tham sb con phai tinh

*  Chuyén anh z cuia dbi tuong DK theo diéu thar
4/File 1 thanh dang duong chéo (tf2ss,
append)

=  Chuyén sang thanh dang so dd khéi nhu hinh

4b va ghép néi toan hé (connect). Khi tinh
can luu y su phu thude cia cac dAu ra ta quan
tam véi cac tham s6 cén tinh.

»  Kiém tra kha nang tinh dugc phu thudc vao

bac ciia ham truyén dat va s6 phuong trinh.

*  Dung hé phuong trinh can giai c6 dang (10).
C6 thé didn dai viéc giai hé phuong trinh (10) bing 7
dong cua ngdn ngir 1ap trinh MATLAB nhu sau:

for 1i=1:0,

for fi=ii-(esl)s
Tor J=1:(o-1)
x=x+a(j)*a(j+i)-b(3) *b(j+i);
end;
giii)=qg(ii) +x*K(Emg )
end;
, end;

=
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Trong cdc dong 1énh trén, O 13 s6 4n cén tinh va o 1a bac
cta vong DC c6 phan hdi theo phuong trinh (5). Cac
hing sb K c6 thé tra tir bang (ma trén, Matrix) tuong tu
nhu bang 1. Viéc DK timg budc tinh riéng r& (luong
tham s0, cac dau vao / ra dugc quan tam, cac tham so da
tinh / chua can tinh) c6 thé dugc thuc hién boi mot File
thir 3 cép trén. Bang 3 chua cic két qua tinh thu dugc
qua ba budc cho cdu tric 2.

Céc két qua mo phong hai dac tinh 1y, va n dugc tap
hop trong hai hinh 5a/b. Trong d6 cic ddc tinh s61,2va
3 la dac tinh chu dao, con 4, 5 va 6 1a déc tinh nhiéu.

B.3 Cacvidu bc°mg 56 cuia céu tric 2véi T = T/4 = Te/S
= T)/30

FlEr LK K, K5 K, Kurve

30 35821 2%l byl 7,112 -0,034 1,4

60 19,38 | 1,390 -0,049 | 2,5

120 13,63 | -1,570 -0,068 | 3,6

Cac két qua md phong & hinh 5a/b cho thay, khi thoi
gian qua do On t6i da t6i 100ms va qua do Off toi
200ms mirc qua diéu chinh téng lén dén ¢& 6,4% hodc
8,5%.

T AT il O
| /’ ,/ | o ' | 5% T /- ' H 1 P )
V4 b 4 ' / ' ' &8 g N A ¢ I B '
/ l f> frivife AT t ' (VAT 1
Y n ‘zl): s 7 i/ \ { ' |
i Ao "/-_____I«__h___m SRV SR e 7[___: d kil B RN ./.;' '
g P 1 / G 1 fl it { F i t
3 H o / i PINg i 1
A e P | B : - : :

| 7 -l H L

N &R 7 o e e - o : 'Y S gtk : :
\\}‘ i b ' y’ ! ' P H / H | |
' i 1 1 1 1 1
By Tl el D i B RR L& A | :
= | 5 S | \ 1 rf I,/' Ve ' ' !
g ' - ‘ : H 1/ o j// i ' !
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a) Toc do quay cua dong cony

H.5

4. Ketluan

Phuong phap thiét ké t6i wu module von da duoc thu
thach nhiéu trong thuc tién, nay da co thé duoc ap dung
dudi dang t6i uu module s6 (TUMS) cho cac hé¢ DK
gian doan va duoc sur dung trong ca cau triic truyén dat
nhiéu mach vong lan cdu tric DK trang thai cua ky
thuat truyen dong dién. Bang TUMS ta c6 thé xur ly (vi
du) thoi gian tré, do gia tri thuc theo phép do gid tri
trung binh va da thirc tir s6 mot cach don gian. Khi tinh
toan - thiét ké bang may tinh ta c6 thé sir dung phén
mém MATLAB. Cic m-Files - su dung theo menue cho
céc cdu trac nhidu mach vong, duéi dang vi du cho cac
cdu trac PK trang thai — c6 thé duge download tir trang
Web cua tac gia [11].
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