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TOM TAT

Bai viét nghién ctru va xdy dung hé thong diéu chinh ty dong (ACS) cho b sudi dién bang hé
théng diéu chinh tu dong lai, dugc tich hop bd tu ddng hiéu chinh (AT) va bo diéu khién PID.
Nghién ciru d3 danh gia dwoc hiéu qua cta hé thdng duoc dé xuit, ciing nhu so sanh chét luong cia
cac qua trinh hién tai thu dugc voi chat lugng hoat dong ctia hé théng ACS v6i bd diu khién PID
truyén théng. Déng thoi, da xac dinh dugce cac truong hop nén ap dung, cach loai bo hién tugng tu
dao dong va danh gia tinh kha thi cta viéc duy tri hodc ngét ddo nguoc anh huong dén chat luong
hé théng ctia bo diéu khién FRA. D3 dua ra cac khuyén nghi cho lya chon hé s6 du bao kpr va xac
dinh su phu thudc cta né vao cac thudc tinh cua ddi twong didu khién. Két qua nay da khic phuc
dugc cac han ché cua thuét toan FRA va dua ra dugc bd tham sé cho khdi du bao dé viéc tng dung
thuét toan nay hiéu qua hon trong thyc té.

Tir khéa: bé diéu khién PI va PID, doi twong thoi gian tré, hé lai, hé théng diéu chinh tu dong,
nguyén Iy cuee dai Pontryagin, thudt toan ddp ieng nhanh nhat, tw déng hiéu chinh.

SOLVING LIMITATIONS OF THE FASTEST RESPONSE ALGORITHM AUTOMATIC
CONTROLSYSTEMS FOR THERMAL OBJECTS

ABSTRACT

The article studies and develops an Automatic Control System (ACS) for an electric heater
using a hybrid automatic control system, integrating an Auto-Tuning (AT) module and a PID
controller. The study evaluates the effectiveness of the proposed system, as well as compares the
performance of current processes with the operational quality of the ACS system using a traditional
PID controller. It also identifies scenarios where this system should be applied, how to eliminate
self-oscillation phenomena, and assesses the feasibility of maintaining or switching off the inverse
effect on the system quality of the FRA controller. Recommendations are provided for selecting the
forecasting coefficient kyr and determining its dependence on the properties of the controlled object.
The results address the limitations of the FRA algorithm and propose parameter sets for the
forecasting block to improve the practical application of this algorithm.

Keywords: automatic control system, automatic tuning, fastest response algorithm, hybrid system,
objects with a time delay, PI and PID controller, pontryagin maximum principle, prediction.
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1. DAT VAN DE dugc coi 1a mdt trong nhitng cach dé cai thién
chét luong hoat dong cia hé théng diéu chinh
tw dong khi c6 su thay ddi gia tri dau vao.
Hién nay, thudt toan FRA dugc st dung trong
nhiéu linh vyc nhu robot, hang khong, du
hanh vii tru (Geering, 2007; Cassel, 2013;
Azimov, 2018) va mot s linh vuc khac. Viéc
So6 15(2024), 100-110 100 Tap chi Khoa hoc va Cong nghé

Hién nay, co nhiéu thuat toan duoc phat
trién dé nang cao hiéu qua trong viéc diéu
khién cac dbi tuong, mot trong s6 d6 1a thuat
toan tic dong nhanh nhit (FRA) (Porau,
2007; Apakensn & Ilukwuna, 2003) co thé
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ap dung thuét toan FRA véi bo truyén dong
tbc d6 khong doi dugc xem xét trong
(ITuxuna & Kouaposckwuii, 2003; ApakensH &
IMukuna, 2003; Kouaporckuit, 2010). Tuy
nhién, viéc ap dung FRA vao thuc té c6 mot
s6 kho khan phat sinh.

Thtr nhit, d& ACS véan hanh chat luong
cao véi FRA, can phai biét ddy du, chinh xac
va cap nhat dinh ky md hinh cua dbi tuong,
md hinh nay duoc sir dung dé tinh toan dudng
chuyén mach va hanh dong diéu khién.

Tht hai, cac dbi tugng nhiét dugc dac
trung boi sy hién dién cua do tré. Trong
truong hop nay, khéi du bao thuong duge s
dung nhung hiéu qua mang lai ctia né van con
nhiéu

Thir ba, & déu ra cta qua trinh diéu chinh
trong hé thong thuc vai FRA c6 thé xdy ra su
tu dao dong do anh hudng cua chu ky thoi
gian d6i voi cac bién diéu khién tham do, su
hién dién cua cac bd loc lam min, d¢ khong
chinh x4c cia md hinh d6i tuong,...

Trudc nhitng han ché dé dang can tro
viéc ap dung rong rai hé thng diéu chinh ty
dong bang thuat toan dap ing nhanh nhét vao
thyc tién diéu khién cac dbi tuong, qua trinh
nhiét.

2. MO TA CAU TRUC VA PAC PIEM HE
THONG

Hé théng duoc thiét ké dang hé lai nhu
Hinh 1 bén dudi:
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Hinh 1. So' db ciu triic hé thong

Nguon: Tdc gia

Trong d6: Reg - 1a bo didu khién (thuc
hién theo thuét toan PI cho dau vao SP va
thudt toan PID cho dau vao PV); AT - bd diéu
chinh ty dong; FRA - thuat toan dap ung
nhanh nhat; O - ddi tuong diéu khién; A - co
ciu chép hanh; F - b0 loc; SP - tin hiéu dat;
PV - bién diéu khién; MV - anh huéng quy

dinh; z - diu ra cua co ciu chép hanh; LC —
b diu khién logic; S — bd chuyén mach.

So d6 khdi cua hé thong vi mo hinh vat
1y duoc mo ta tai Hinh 2 bén dudi:
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Hinh 2. So' @6 khoi v6i md hinh vat Iy ciia d6i twong: EN - Lo swéi dién; PLC - b diéu khién
logic kha trinh; RTD - Nhiét ké dién tré, PLC — b diéu khién logic 14p trinh; PC - may tinh,
PWM - b diéu bién dd rong xung.

Nguon: Tdc gia

Céc gidi han tin hiéu diéu khién ¢ day
dugc biéu thi bang muc cong suat cia bd gia
nhi¢t so vai trang thai can bﬁng cia vt thé.
Khi chuyén do6i diéu khién trong qua trinh van
hanh FRA, tac dong 1én dbi tugng (cong suat
lam nong) ngay lap tirc nhan mot gia tri mai.
Khi duoc diéu khién thong qua xung dién,
cong suét trung binh cua 1o sudi dién co thé
duoc xac dinh theo cong thuc:

diéu khién xung, %; t; - d6 dai xung; T - chu
ky lap xung; Ta = ti + tp; t, - thoi gian tam
dimg; Nen - 12 cong suét trung binh hién tai
cta 16 sudi dién, Nnom 13 cong suat dinh mirc
cua 10 suoi dién khi bat lién tuc. Mot minh
hoa vé phuong phap kiém soat cong suat 10
sudi nay dugc thé hién trong Hinh 3, trong d6
yre 1a ddu ra cua phin ti role FRA.

Nen = Nnom*( 'Y/IOO) (1)
Trong d6: y = (t/Ts1)-100 - chu ky lam
viéc cua tin hiéu V
vie
QTI-QTD 1
P
I

Hinh 3. M6 hinh tham s6 xung diéu khién

Nguon: Tdc gid

Khi hé théng hoat dong, luc nay bd
chuyén mach & vi tri s6 2, bd diéu chinh tu
dong AT dugc kich hoat va nhan dang dbi
tuong (Ky3zumun, 2014), giup chung ta tim
dugc bd tham sé mod hinh toan hoc cua doi
tuong trén c6 dang nhu (2).

Tm - thoi gian tré&; nm = Tom/Tim; P = Tn/Tim -
thong sb twong ddi.

Pong thoi tim duge tham s cho bo
diéu khién PI va PID c6 dang nhu (3) va (4).

Vlfpid(s)=Ky'[1+7}+Td-s'1]

K, op(r,s) _ K -op(T, f,5) (7, -s+1)
w (s)z =
(Tm ~S+1)~(T2m -s+1) (Tlm -s+1)-(Tlm ~nm~s+1) (3)
(2) £ A w =K -|1 L
Trong do6: Km - 12 hé s0 truyén ciia mo (5)=K,- +T“.S
hinh di tuong; Tim, Tom - hﬁng sb thoi gian; 4)
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Trong d6: K - hé sd truyén cua bo didu
khién, T;, — tich phéan, T4 - vi phan va Ty -
hang s thoi gian loc. Trong truong hop nay,
thanh ph?ln D c6 bd loc lam min bac hai, voi
Tr=Ta/8.

Vo6i sy tro giup cua thudt toan AT-1
chung ta nhéan dugc dd thi qué trinh qua d6
nhu sau:

o = = ~ i ALT 26
0 : : : : : 120
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Hinh 4. P} thi qua trinh qua dd ciia h¢ thong khi b AT lam viée

Nguon: Tac gid

Khi AT duoc bat, bién MV thay di tir gia
tri ban ddu MV1 sang MV2=PMAX moi. Gia
tri ndy dwoc duy tri cho dén thoi diém khi
bién diéu khién PV, thay ddi tir gia tri ¢b dinh
ban dau PVO, di qua mot ngudng nhét dinh
P2, tao thanh mot phﬁn nhét dinh cua tin hiéu
danh nghia ctia nhi€ém vu SP, sau dap tmg MV

trg vé gia tri ban dau. Trong trudong hop nay,
dd thi thay d6i MV theo thoi gian c6 dang
xung hinh chit nhét.

Qua dap tng va thuat toan AT-1 ching ta
nhan duogc bo tham sb ciia md hinh diéu khién
cung cap cho bo FRA va cac bo diéu khién PI
va PID nhu ¢ Bang 1 va 2.

Bang 1. Tham s ctia mé hinh 10 swéi

Tham sb Kob Th

T» T n B

Mo hinh 0,84 16,4

61,3 6,5 3.7 0.4

Nguon: Téc gid

Bang 2. Tham s6 ciia b diéu khién PI va PID

Tham sd K

T; T4

PID 7,3

33,4 11,3

Nguon: Tdc gia

Khi sir dung FRA, gia dinh ring gi4 tri
tinh moi cua dap itng NEWMYV tuong tng véi
gi4 tri méi cia diém dat SP da dugc biét.
Trong truomng hgp nay, nd dugc tinh tir cac dac
tinh tinh ctia mo hinh thiét ké cua d6i tuong
thu dugc tur ACS, str dung cong thirc:

NEWMV = MV1+(SP2-SP1)/Kn ()

Trong d6 Kum 14 hé s6 truyén ciia mo hinh
dbi twong. Dé tinh dén do tré cua ddi tuong,

mirc ting dy dodn Y, = APVF ciia bién PVF
(sau bd loc dau vao) duoc tinh thong qua gia
tri cia Vpv, la udc tinh lam min vé toc do
thay doi cua bién PV (Vpv = dPV/dt), theo
cong thirc Yp=APVF =1 -V, .

Udc tinh do tré t dugc xac dinh bing
cach st dung dir liéu AT. Khi FRA hoat dong,
duong chuyén mach duoc tinh toan bang cac
bién trang thai {xlk; x2k} & dang chuén,
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duoc xac dinh thong qua céc bién {x1; x2} &

dang chuén, 1an luot duoc 1€iy tu dir liéu cua

cac bién vat 1y PV va SP.

L B
fad

¥

|

SP
PVF
MV PV dPV
—= O = F2 i

Pr %
F "
F1 !—F; pla

Hinh 5. So' @i khéi nhén cac bién chuin x1, x2.

Nguon:Tdc gia

Trong d6: F1 — B loc bac 1, F2 — Bo loc
bac 2; Pr — khdi du bao

Céac bién théng thuong x1 va x2 duoc
tinh bang cong thirc:

x1 =PVF + (t -Vpv)kpr - SP;
x2 = Vpv, (6)

trong do kpr 1a hé sb6 du bao, duge diéu
chinh trong qua trinh thiét 1ap hé théng.

Trong thuc té, gia tri méi cia dap ung Ién
dbi twong NEWMV c6 thé khong ddi xtmg
d6i voi PMAX t6i da va PMIN t6i thiéu, do
do6 dap tng tinh toan tr FRA dugc xac dinh
nhu sau:

ul= PMAX - NEWMV - déap ung lén
murc toi da ctia mot trang thai tuong ddi méi
(tac dong hudng téi “nhidu hon”).

u2 = PMIN — NEWMYV - tac dong & miic
t6i thiéu so voi trang thai méi (tic dong theo
hudng “it hon”).

Pé van hanh FRA, mé hinh d6i twong co
dang (2) dugc sir dung theo su hoat dong cta
AT. Bé thuén tién cho viéc tinh toan duong
chuyén mach trong khéi FRA, viéc chuyén
d6i duoc thuc hién sang cac bién chinh tic
(Apakensa & IMukuna, 2003), cac gia tri cla
chung dugc tinh toan thong qua cac bién &
dang chuan va tham sb di tuong:

x1k = a-(x1+x2-Tom);

x2k = - (a+1)(x1+x2-T1m);
1a cac hang s6 thoi gian ciia md hinh ddi
tugng thu dugc tur dit liéu ctia ACS.

Viéc tinh toan duong chuyén mach va gia
tri 6 - khoang cach tu diém van hanh dén
duong chuyén mach (doc theo toa do x2k tai
gia tri hién tai cta toa do x1k). Pdi véi mo
hinh d6i tuong (2), cac mbi quan h¢ sau duoc
ap dung:

u=ul néuxlk>0;

u=1u2 néu x1k < 0;

u=0néuxlk=0;

x2ks = (1-zc)[uKm-(1+a)];

¢ = Tim/Tom;
z = 1+x1k/(uKm-a);
o = x2k - x2ks,

trong do x2ks 1a gia tri toa d6 x2k trén
dudng chuyén mach tai x1k.

Tin hiéu diéu khién u(t) dugc tao ra ¢ dau
ra cta khdi FRA béang cach sir dung phan tir
role ba vi tri (RE) ¢6 ving chét va do tré: ux =
Rele(ok, uk-1).
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Hinh 6. Pic tinh tinh ciia Role 3 vi tri ¢6 tré

Nguon: Tdc gia

Céac dic tinh tinh cia RE dugc thé hién
trong hinh 6, trong d6 x = . Trong hinh, xon
va xoff 1a cac ngudng dé bat va tit dic tinh
role. Trong truong hop nay, gid st xoff =
0,5-xon. Ngudng chuyén dbi duoc thiét lap co
tinh dén cac thudc tinh cua dbi tuong va do
chinh xé4c can thiét.

Tuy thudc vao o, gia tri dau ra FRA &
budc hién tai duoc xac dinh béng cach su
dung phan tir role RE theo thuat toan sau:

* néu 6 > xon thi u=ul, MV = PMAX;
* néu 6 < -xon thi u =u2, MV = PMIN;

¢ if -xoff < ¢ < xoff; thi u = 0, MV =
NEWMYV;,

* trong cac truong hgp khac ux = uk.1, tlc

%

1a gia tri trudc d6 cua bién u (va MV tac
dong) van giit nguyén.

3. HE THONG HOAT PONG TRONG
PIEU KIEN THUC

Khi hé thdng hoat dong trong thoi gian
thuc bi anh huéng bdi nhiéu yéu td tir moi
truong, sai sb trong nhan dang dbi tuong, thoi
gian chu ky quét ciia cam bién va hon nira 1a
dé loai bé nhidu tir dau do nén thuong dugc
thong qua bo loc. Nhiing yéu t6 d6 s& thudng
gdy ra su tu dao dong trong hé thong. Qua mo
phong chung ta nhan duogc viée chuyén dong
ctia cac bién trong khong gian trang thai nhu
Hinh 7.

x1

Hinh 7. Quy dao cac diém trong khong gian trang thai

Nguon: Tdc gia

Chung ta nhan dugc duong dac tinh ctia hé théng nhu Hinh 8.
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Hinh 8. Cic qua trinh trong ACS ¢6 FRA . 1 - diém dit SP; 2 - d4u ra PV trong hé thong; 3 -
dap wng diéu chinh cia MV

Nguon: Tdc gid

Qua két qua md phong ching ta nhan
duoc su tu giao dong khi hé théng thuc té ap
dung thudt toan dap Ung nhanh dya trén
nguyén tic Pontryagin khi ap dung cho cac
d6i tugng nhiét. Piéu nay anh huong dén su
6n dinh ctia hé thong diéu khién.

4. PHUONG PHAP LOAI BO TU GIAO
PONG TRONG HE THONG

Két qua nghién citu trén cho thay khi van
hanh FRA can han ché sb 1an chuyén mach va
c6 bién phap ngan ngura hién tugng ty dao
dong. Pé lam diéu nay, ban co thé sir dung
cac phuong phéap sau.

Thir nhét, giam thoi gian chu ky thim do
ctia bién duogc kiém soat, nhung ddi v6i mot
s bo diéu khién quan 1y cong nghiép, diéu
nay 1a khong thé vi Iy do k¥ thuat. Thir hai,
tang vung chét ctia phan tir role trong FRA,
tuy nhién, phuong phap nay cé kha nang han
ché va khong du tin cay.

Trong cong trinh nay, dé loai bo kha ning
tu dao dong trong hé thdng c6 FRA, phuong
phap thir ba dugc dé xuét, d6 1a: chuyén sang
diéu khién PID khi bién diéu khién tién gan
dén gia tri dat.

Trong truong hop nay, khong c6 hién
tuong tu dao dong ma xuét hién do léch du
ctia bién duoc diéu khién so véi gia tri da dat,
c6 thé vugt qua gidi han cho phép. Vé van dé
nay, dé ngan chan sy tu dao dong co thé xay
ra trong qué trinh van hanh FRA, nguoi ta dé
xuit str dung mot hé thong két hop, trong do
tai mot thoi diém nhat dinh s& co su chuyén
d6i sang thuat toan PID véi gii han vé sb
lugng vung hoat dong cua FRA. Trong trudong
hop nay, c6 thé c6 hai lya chon sir dung FRA:
v6i hanh dong dao ngugc dugc phép va hanh
dong dao ngugc bi loai bé.
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Hinh 9. D6 thi cic dwong dic tinh cia hé thong ACS véi FRA va PID khi ¢é dio nguoc.

Nguon: Tdc gia

Trong d6, 6 Hinh 9a cac duong dac tinh 1
- khoang céch o ciia diém van hanh téi duong

day chuyén doi trang thai; 2 — MV; trong Hinh
9b cac duong dac tinh 1 — SP, 2 - MV, 3 — PV.
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Hinh 10. Do thi cac dwong dic tinh ciia hé théng ACS véi FRA va PID khi khong dio nguoc

Nguon: Tdc gia

Qua két qua md phong hé thong, dé loai
bo hi€u qua hién tugng ty dao dong & cudi
qua trinh diéu khién, ban nén chuyén sang
thuat toan PID khi bién PV tién gﬁn dén muc
tiéu. Bén canh d6, khi hé théng hoat dong véi
b6 diéu khién FRA s& hiéu qua hon khi ¢ ché
d6 khong dao chiéu cac tac dong hiéu chinh.

Viée chuyén sang diéu khién PID dugc
thuc hién sau khi hoan thanh thao tic FRA
theo diéu kién sau: d6 léch & da di vao ving
cho phép [-xon; xon] hoic téc d6 thay doi cua
bién PV da giam xudng gia tri co thé chip

nhan duoc so véi muic thi  da
(0,2*|Vpv_max]|).

5. SO SANH CHAT LUQNG HIEU
CHINH CUA HE THONG LAI CO FRA
VA KHI KHONG CO FRA

Pé x4c dinh tinh kha thi cua viée si dung
hé thong diéu khién ty dong lai dugc d& xuat,
chung 6i so sanh chat luong ciia cac quy trinh
trong hé thong FRA véi bo diéu khién PID va
trong hé thdng v4i bo diéu khién PID thong
thuong (tac khéng c6 FRA). Trong truong
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hop nay so sanh hé théng c6 FRA khi khong
ddo nguoc cac bién hiéu chinh.

Trong Hinh 11 thé hién cic qua trinh
trong hé thong c6 FRA va bo diéu khién PID
cling nhu trong hé thong c6 bd diéu khién PID
thong thudng khi cai dat dSP = 10°C thay doi.
6] day: 1 - diém dat SP; 2 - dau ra PV trong hé

thdng c6 b diéu khién FRA va PID; 3 - dau
ra PV trong hé thong chi co bd diéu khién
PID; 4 - bién MV trong hé théng c6 bd diéu
khién FRA va PID; 5 - bién MV trong h¢
thdng bang bo diéu khién PID.

SP.PV .°C MV %
8 T 1 T T T T - 100
L
701 |I| —80
b
AN
601 — S — 60
I
50 { = o i L e e 40
R ol
47
40r 420
30 ! L ! ! 0
0 30 60 90 120 t.e

Hinh 11. D6 thi cac dwong dic tinh ciia hé thong ACS v6i FRA véi PID khi khong dio ngwoc
va hé théng ACS véi PID

Nguon: Tdc gid

6. LUA CHON HE SO DU BAO

bé ap dung thuat toan nham dat hiéu suét
t6i da trong cac hé thong co ddi tuong co do
tré, can c6 khdi du bao, hoat dong cua khoi
nay da dugc md ta trudc do, xem cong thic
(6). Thong thuong, thuat toan du bao tuyén
tinh dugc st dung (ITukmna & KysHenos,
2011; TMukuna, 2014). Gia tri cua hé s6 du
doan kpr phu thudc vao tinh chat cua ddi
tuong diéu khién. Pé c6 thé tu dong tinh toan
hé sb nay, can phéi c6 dugc cac mbi quan hé

dé tinh kpr c6 tinh dén cac tham sé cua mo
hinh ddi tuong nhan dugce tu ACS.

Dué6i day la két qua thu dwgc khi mo
hinh hoa viéc lya chon gia tri kpr tdi wu cho
mét sd dbi tuong c6 dang mo hinh toan hoc
(2) véi cac ty 16 tham s6 khac nhau: Kob = 1;
T1 =16 gidy; n=1[2;4; 8; 12; 16] va p =1[0,2;
0,4; 0,8]. B thi biéu dién sy phy thudc thu
duogc cua kpr vao céc tinh chat cua déi tuong
(n va B) duoc thé hién trén Hinh 12.
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Hinh 12. Do thi mé ta sy phu thudc kpr véinvap; 1-p=0,2;2-p=0,4;3-p=10,8

Nguon: Tdc gia

Vi cac ddi twong da xem xét trong giai
doan nghién ctu nay, tor cac dd thi trén da
nhan duoc cong thirc gn ding gitp xac dinh
gia tri kpr nhu sau:

kpr=A-(1-D)+B-D (7

trong d6 A = 0,5+6/(n+4); B =
0,55+16,66/(n+9,45); C = 2,01-0,2/(p+0,06);
D =1,88-C-2,2.

7. KET LUAN

- Cau trac hé thdng lai véi thuat toan cho
hiéu sut t6i da cia FRA (ddng thoi giéi han
muc do hoat dong diéu khién), thuat toan PID
va khdi AT duoc dé xuét, hiéu suit cia nd
dugc thé hién;

- Bé loai bé hién tuong tw dao dong trong
hé théng, nén han ché sd lan dao ngugc FRA
va sit dung chuyén doi sang thuat toan PID
khi bién diéu khién tiép can muc tiéu.

- Hé thdng véi bo diéu khién FRA véi
nguyén ky Pontryagin néu khéng c6 diéu
khién dao chiéu bién MV s& nhan dugc hiéu
suat va loi thé hon so vé6i hé théng c6 dao
chiéu bién MV.

- b3 tim théy su phu thudc cta hé¢ sb du
bao kpr vao cac tham s cia mé hinh d6i
tuong n va B, dam bao nang cao chat lugng
diéu khién.

- Mot phan tich vé anh hudng cua mirc
d6 thay d6i dau vao (hay diém dat nhu
nguong nhiét do, myc nudc, ap suét, o) dén
hi€u qua cua viéc st dung hé théng c6 FRA

va thuat toan PID d3 duogc thuc hién va cho
thy trong truong hop nao hé thng nay cé loi
thé hon hé thong c6 thuat toan bo diéu khién
PID truyén thong.
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