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Tém tit: Trong thuc té, c6 nhiéu thuat toan dung dé tinh toan tham s cta cac bo diéu khién truyén
théng vOi cac hé myén tinh va chi 4p dung cho mdi loai ddi tugng khac nhau hodc voi mot vai b diéu
khién, c6 chat lugng diéu khién khac nhau. Diéu nay gay kho khin cho ngudi hoc, nghién ctru va tng
dung trong thyc t&. Tuy nhién, tac gia da phat trién thanh cong mot trong nhitng thuét toan c6 thé tinh toan
toan bo cac tham sb cho cac bo didu khién truyén thdng nhu: Bo didu khién P, PI, PID, PIDD, PD, PDD la
g dung tiéu chuan binh phuong nhoé nhat trong phuong phap can téi vu khong tim kiém “BPM-xap xi”.
Nhung dé 4p dung thuat toan nay trong thuc té chung ta can xac dinh dugc tham sé thoi gian hiéu chinh
Tc, vung tan s6 tinh toan AQ = [o1; ©2]) dé dat chat luong cua hé théng theo mong mudn va cac nghién
ctru trude day chi méi ding lai ¢ viée tinh toan cho cac ddi tuong co tré (dbi tugng nhiét,...). Budc phat
trién thuat toan nay ap dung tinh toan cac tham s cho cac bo diéu khién trong hé thng véi cac ddi tugng
khong c6 tré. Pay 1a mot két qua co y nghia rat 1on dé xay dung thuat toan nay thanh thuat toan xac dinh
tham s6 ctia cac bo diéu khién ap dung cho moi d6i tuong. Trong bai bao nay, tac gia s& trinh bay chi tiét
viée ing dung thuat toan nay ddi véi cac by dicu khién khac nhau cho cac kénh diéu khién dau vao va
nhidu tac dong cua hé kin SISO véi ddi tuong khong ¢ tré.

Tir khéa: Bé diéu khién P, PI, PID, PD, PIDD, PDD; doi twong diéu khién; hé thong diéu chinh tw
ddng; tiéu chudan binh phirong nhé nhat; tw dong hiéu chinh.

Abstract: In practice, various algorithms are utilized to calculate parameters for traditional control-
lers in linear systems. However, these are often restricted to specific object types or limited controller
configurations, resulting in varying control performance. This poses significant challenges for students,
researchers, and practitioners alike. Addressing this, the author has successfully developed a unified algo-
rithm capable of determining all parameters for conventional controllers, including P, PI, PID, PIDD, PD,
and PDD. This approach employs the least squares criterion within a non-searching sub-optimal meth-
od known as “LSC-approximation”. To implement this algorithm in practical scenarios, it is essential
to define the tuning time Tc and the calculated frequency range (AQ = [o1; ®2]) to achieve the desired
system performance. Previous studies have primarily focused on systems with time delay (e.g., thermal
objects). This current advancement extends the algorithm to calculate parameters for the aforementioned
controllers in systems with delay-free objects (objects without delay). This represents a significant mile-
stone in evolving the method into a universal parameter determination algorithm applicable to all object
types. In this paper, the author presents a detailed application of this algorithm across various controllers
for both input channels and disturbance rejection within SISO closed-loop systems involving objects
without delay.

Keywords: controller P, PI, PID, PD, PIDD, PDD; object, automatic control system, least squares
criterion; auto-tuning.
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1. Pit van dé

Trong linh vuc diéu khién tu dong, nghién ctru va phat trién mot thuat toan toi wu, nham giup
viée xac dinh cac tham sé cia bd diéu khién mot cach thuan tién dbi véi moi dodi tuong diéu khién
ludn duoc cac nha nghién ctru quan tim va dat 1én hang dau. Tir d6 giup cho nguoi dung t6i wu
vé thoi gian va chi phi trong viéc tinh toan va lya chon tham s6 cho cac bo diéu khién cua tung hé
thdng. Ngay nay, viéc ap dung tiéu chuan tich phan tuyén tinh I1 khong thé dat dugc chit lugng didu
khién tét bang tiéu chuan binh phuong nho nhat 12. Nhung viéc 4p dung tiéu chuan 12 gip nhiéu
kho khan trong viéc xac dinh diém lap lai tdi uu. Tuy nhién, tai cac két qua nghién ctu (ITukuna
& MemepsikoBa, 2012: 6; Ilukuna & bypuesa, 2014: 4; Bypuesa, 2014: 156; bypuesa & Ilukuna,
2016: 32; Xoawnr, u coaBropsl, 2017: 3; Ky3ummuH, u coasropsr, 2017: 4; Kuzishchin, et al., 2017a:
4; Kuzishchin, et al., 2017b: 5; Apaxensn & Ilukuna, 2024: 408) da giai quyét dugc van de nay khi
g dung phép xap xi binh phuwong nho nhat ctia dap mg tan sd phu’c tap cua b diéu khién dién hinh
P, PI, PID, PD, PDD véi dap timg tan s6 phirc tap ctia by diéu khién t6i wu tuyén tinh. Ham truyén
clia céc bo didu khién t6i uu nay duoc xac dinh bai ham truyén tdi wu ciia hé thdng vong kin véi ddi
tuong diéu khién c6 dang lién két khau quan tinh bac nhét, bac 2, bac 3 va lién két v6i khau tré, ham
truyén dat ctia ddi twong nay c6 dang:

W)=y =Ko o
[1Z;p+1) (1)

i=1

Hoic d6i tugng co dang ham truyén giita khau tich phan va khau quan tinh bac nhat [8] va lién
ket voi khau tre, ham truyén dat cia cac doi twong nay c6 dang:

~ _ K, _
Wop) = WolP)e™ = i © )

Viée ap dung phuong phap nay can phai xac dinh 02 tham s6 quan trong dé diéu chinh chat
luong cua hé thong diéu khién theo muc tiéu mong mudn 1 thoi gian hiéu chinh Tc va ving tan
s0 tinh toan AQ = [Q1; Q2], & day Q = ©-Tob) (Xoanr B.B., Ky3umuna B.®., Mepanukunaa E.I.,
2017:03; Ky3ummua B.®., Mep3mukuna E.W., Xoanr Ban Ba, 2017:04; V.F. Kuzishchin E.L Mer—
zlikina, Hoang Van Va; 2017 04; V. F. Ku21shch1n E. I. Merzlikina and Hoang Van Va, 2017:05)
nham dat dugc chat lugng hé thong theo yéu cau. Tac gia g01 déy 1a phuong phéap “BPM- -xap xi”.

Vi myc tiéu tao ra mot cong cuy tinh toan tham s6 cho céac bo di€u khién P, P1, PID, PIDD, PD,
PDD v6i moi d6i tuong dién hinh trong cac hé thong diéu khlen Tac gia nghién ciru phat trién thuat
toan nay, ap dung thém cho cac db6i tugng khong co khau tré.

Trong bai viét nay, tac gia xem xét hé kin diéu chinh tu dong nhu hinh 1, mé hinh dbi twong
diéu khién c6 dang (3).

Hinh 1. M6 hinh hé kin diéu chinh ty dong

a(1)
s(1) —— u() y(1)
—+»0_;. B dicu khien f—— Déi tugmg

Ham truyén cua cac doi tuong dicu khién dang xét dugc bicu dién dudi dang sau:

_ K, e PT
Wop) = i e ™ 3)
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Dé danh gia chat luong cua hé thdng, chung ta s& xem xét hai d6i twong dang (1). Xem xét ca
hai nguyén tic diéu khién: sai l1éch déu vao s(t) va nhidu loan A(t). Trong bai viét ndy, tac gia tap
trung xac dinh tham s6 cho cac bd diéu khién can tdi uu theo kénh diéu khién sai 1éch dau vao s(t).

2. Két qua nghién ciru

2.1. Xdc dinh b diéu khién can téi wu cho hé thong

Néu tac dong vao dau vao ciia bo diéu khién ¢ hé théng nhu Hinh 1 mét tic dong , thi gia tri
t6i wru clia tiéu chuan binh phuong nho nhat 12 s& dat duoc tic thi tai diém ban dau 0 va dap tng tic
thoi cua hé théng 1y tuong c6 dang nhu hinh 1 s& 1a duo*ng nét duat ¢ hinh 2 voi . Tuy nhlen trong
thuc té diéu d6 1a khong thé, vi con phu thudc vao hé thong co khi, ma sat, tac dong ctia yéu té moi
truong,... do d6, dap tng ciia hé théng ¢ kénh nay phai c6 dang nhu ¢ duong nét lién & Hinh 2.

Hinh 2. Dic tinh cua hé théng can t6i wu ddi véi thay doi dau vao

Ham truyén cua hé thong cin t61 wu lic nay s€ co dang:

b

subopt wy" Opt(p) W (p) _ 1
( ) - subopt T Taes+1° (4)

1+Wp @) W,(p) Tcs

Tir d6 ta c6 duoc ham truyén dat cn toi uu cia bo diéu khién c6 dang:
bopt 1
WSU —

p (p) W, (p)Tes’ (5)

2.2. Phdt trién cong thikc tinh todn tham sé B¢ diéu khién

Dé tinh toan tham s hiéu chinh, nhom tac gia di dua ra dugc b cong thire dé tinh toan va
ung dung cho cac phﬁn mém tinh toan nhu: Matlab, mathcad, hodc céc ngon ngtr 1dp trinh khac
trong cic bo diéu khién cong nghiép. Piéu nay di giai quyét dugc han ché trong viéc sir dung
ham Minerr (ham giam thiéu sai sb nhé nhét) (ITuxusa & Memepskora, 2012: 06; bypresa,
2014: 156; Ilukuna & Bypuesa, 2014: 4; bypuesa & IIukuna, 2016: 32) khi irng dung trong cac
bd diéu khién. Cac cong thirc dugc thé hién trong (6-10).
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1 N
c, :N.Z;Re(VKub(a)m)), ©6)
33
Cy =% (7)
1 1
Cy =77 (8)
o 0,
LG ¢, —(0,-m)-c, o
2 2 >
(a)Z_a)l) —6 6y
1
6= HJ'(% +c, '624)7 (10)
v Im(W )
Trong do, Cn =Aw- ) m( S”b(a)m)); Cy :Aa)ia)m 'Im(VVsub(a)m))’ N= @4
m=1 a)m m=1 Aw

Trong cac cong thirc dd cho, 1 va o> 1an luot 13 diém bat dau va két thic cua dai tan sé
xap xi. Cong thirc (6-10) dugc sir dung dé tinh toan céc tham s ciia thuat toan diéu khién tuyén
tinh dién hinh. O bai viét nay, nhom tac gia xem xét viéc tinh toan cac tham sb cua cac bo diéu
khién PI va PID.

Do1 vé1 bo dieu khién P ¢b ham truyén:

Wy (s) = Ky (11)
Céc tham s6 cua bo diéu khién P duoc tinh theo:
Ky =ci; (12)
Pbi véi bo diéu khién PI co ham truyén:
1
w0 (15
-8
Céc tham s cua bd diéu khién PI duoc tinh theo:
Cl
Ky=ci; I == (14)
CZ
Dbi véi bo diéu khién PID c6 ham truyén:
1
W.(s)=K,- b+ 1s |, (15)
S
Céc tham s6 cua bo diéu khién PID duoc tinh theo:
C C
Ky=ey Li=—31,=—>. (16)
C C

2 1
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Déi véi bo diéu khién PD c6 ham truyén:
Wpd(s) = Kp ) (1 +Tq- S): (17)

Céac tham s6 ctia bo diéu khién PD duoc tinh theo:

c
Ky=c; T, =—. (18)

¢

Dbi v6i bo diéu khién PDD c6 ham truyeén:
Wpaa(s) =Ky - (1+Tg-s+Ty4-s), (19)
Céac tham sb ctia bd diéu khién PDD duoc tinh theo:
C

Kpy=cy I, =—. (20)

¢

2.3. Xem xét chit lwong hé théng

DPé danh gia chat luong cua hé théng, xem xét sy hoat dong cua cac bo didu khién, nhém
tac gia nghién ctru d6i véi hé thong ¢ Hinh 1 véi mo hinh ciia doi twong cé dang bac 2 cia (3),
v6i cac tham s6 nhu sau: K = 1; T; = 65.53 (s); T> = 31.11 (s)

_ Kobp
Wob1(s) = (Ty-s+1)-(Ty-s+1)

1)

Va véi bo diéu khién can toi wu ¢ dang (5), bang phuong phéap “BPM-xdp xi” véi su hiéu
chinh tham s6 1am mém 7. theo chat lwong diéu khién mong mudn, trong nghién ctru nay, nhom
tac gia dat muc tiéu chét luong hé théng phai dat duoc la dac tinh qua d6 cua hé théng theo kénh
diéu khién dau vao phai dat duoc do lot v khong qua 5%, nham muc dich cho thay su linh hoat
khi diéu chinh tham s6 7 trong qué trinh hiéu chinh phu hop v6i muc tiéu diéu khién. Chon
vung tan so tinh toan AQ dwoc hién thi trong Hinh 3: AQ =[0.0043 +0.021].

Hinh 3. Vung tan s6 lya chon dé tinh toan
o Im(®)

“a Re(®)

o1
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Nhu vay, ching ta xac dinh dugc tham so6 cta cac bo di€u khién, twong (ng vdi tham so 7.
cho céc bd dieu khién va chat lugng thong nhu sau:

- Vi hé thong bé diéu khién P ta dwoc:
V61 su giap do cua thuat toan khong tim kiém, c6 thé dé dang xac dinh duoc tham )

ctia Bo diéu khién P véi tham sb K, = 5.5 v6i T. = 17.6 (s). Tir d6, nhom tac gia xéc dinh duoc
d3c tinh cua hé théng diéu chinh va chat lwong cia hé théng nhu Hinh 4.

Hinh 4. Pic tinh qua d6 cua hé théng diéu chinh véi Bo diéu khién P

)2 T T T

0 50 100 150 200 250 3 0 50
Time

100 1650 200 250 00

Time

a) Theo kénh dau vao s(7) b) Theo kénh nhiu tac dong A7)
- Vi hé thong bé diéu khién PI ta dwoc:
Vi sy giup d& cua thudt toan khong tim kiém, 6 thé dé dang xac dinh dugc tham s6 ciia Bo
diéu khién PI v6i tham s6 K, =3.91, T; = 95.72 (s) v6i T = 25 (s). Tir d6, nhom tc gid xac dinh
durgc dic tinh ciia hé théng diéu chinh va chat luong ctia hé thong nhy Hinh 5.

Hinh 5. Dac tinh qua do ciia hé thong didu chinh véi Bo diéu khién P

1.2 T T v T . 0:

2 2 ” 0 100 200 300 400 500
0 50 100 150 200 250 0
lime
Time

a) Theo kénh dau vao s(1) b) Theo kénh nhiéu tac dong 4(2)
- Vi hé thong bé diéu khién PID ta dwoc:
V61 su giap d cua thudt toan khong tim kiém, c6 thé dé dang xac dinh duoc tham )
ctia B diéu khién PI v6i tham s6 K, = 19.53, T;=97.16 (s), Tu=21.78 (s) v6i T = 5 (s). Tir do,

nhom tac gia xac dinh duoc dic tinh cua hé théng diéu chinh va chét lugng cua hé théng nhu
Hinh 6.
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Hinh 6. Dac tinh qua do cia hé théng diéu chinh v&i Bo diéu khién PID

1.2

T T T T T T T

o 1 | 1
o 50 100 150 200 50 ies) anso 400

Timea

a) Theo kénh nhiéu tac dong s(2)

0,00 ' ! '

B 0.0

0,02+

001
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[+ 50 1043 150 200 250 b te ] 50 ADD

Time

b) Theo kénh nhiéu tac dong (%)
- Vi hé thong b diéu khién PD ta dugc:

V01 su giﬁp dd cua thué‘g toan khong tim kiém, c6 thé dé& dang xac dinh duoc tham sb
cua B0 dieu khién PI vdi tham so K, =97.64, T4 =21.78 (s) v61 1c = 1 (s). Tt d6, nhém tac gia
xac dinh duoc dic tinh cua hé thong dieu chinh va chat lwgng ctia hé thong nhu Hinh 7.

Hinh 7. Pac tinh qua d6 cua hé théng diéu chinh v&i Bo diéu khién PD

1.2 T T T T T T T

L | I | L
150 200 250 300 ann ADD
Time

a) Theo kénh nhiéu tac dong s(2)
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b) Theo kénh nhiéu tac dong 4(2)
- Vi hé théng bé diéu khién PDD ta dwoc:
_ Vi su gitip d& cua thudt toan khong tim kiém, c6 thé d& dang x4c dinh duoc tham s6 ciia Bo
dieu khién PI v61 tham s0 K, =3.91, 74 =95.72 (s), 4= 95.72 (s) v61 T. = 25 (s). Tu d6, nhém
tac gia xac dinh dugc dac tinh cua hé thong dieu chinh va chat lugng cua hé thong nhu Hinh 8.

Hinh 8. Pic tinh qua d6 cua hé thdng diéu chinh véi Bo diéu khién PDD
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a) Theo kénh nhiéu tac dong s(7)
0012
0.0
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b) Theo kénh nhiéu tac dong 4(2)
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Nhu véy, bang phuong phap “BPM-xip xi”, chung ta d& dang xac dinh duoc cac tham sb cia
céc bo diéu trong hé théng diéu chinh tu dong.

4. Két ludn

Két qua nghién ciru cho thdy phuong phap “BPM-xép xi” cho phép xac dinh dugc cac tham sd
ctia cac bo diéu khién khong chi trong hé thong tw dong diéu chinh véi d6i tuong c6 mé hinh toan
hoc dang ham truyén dat c6 khau tré, ma con ap dung dugc cho cac mo hinh cua ddi tuong khong
6 khau tré.

Két qua cho thiy phuong phép nay c6 thé dugc ap dung dé xac dinh cac tham sb cia cac bo didu
khién P, PI, PID, PD, PDD, PIDD cho moi di tuong.

Phuong phap nay dugc phat trién va dé dang ap dung trong phan mém Matlab/Simulink, cac
dong PLC cong nghlep Gitip sinh vién, nha nghién ctru va nguoi sir dung co thé dé dang sir dung va
tinh toan tham s6 ctia cac bo diéu khién.

Tac gia phat trién phuong phap nay theo dang ham toan hoc tir (1) dén (20), giup nguoi ding
dé dang str dung va lap trinh trong cac bo diéu khién cong nghiép nhu PLC.

Phuong phap nay sé& tmg dung tét trong hoc phan Co s¢ diéu khién tu dong va Diéu khién ty
ddng nang cao. Gitp sinh vién va giang vién dé dang nghién ciru, xac dinh tham s cua cac bo didu
khién v6i moi doi twong diéu khién.

Ngoai ra, tuy theo yéu cau vé chat luorng hé thong. Vlec st dung phuong phap nay cho phép
nguoi dung dé dang thay doi chat luong hé thong theo yéu cau.
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