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TOM TAT

Hién nay, ché den van giit mot vi thé quan trong trong thi truong d6 uéng toan cdu va mang
lai nhiéu loi ich cho sirc khée va vin héa. Do vay, klem sodt chat luong che den la van dé can
dwoe quan tam. Trong bai bdo nay, tac gia da dé xudt thudt toan diéu khién toi wu phi tdp trung
cho hé théng 1én men ché den, dira trén viéc diéu chinh cac tham sé nhiét do va do am trong tung
giai doan anh hwéng dén chdt lwong ché den. Qud trinh thay doi mau sdc ciia ché theo thoi gian
khi bi tac dong boi nhiét do va do am, mau sdc cia ché den dwoc nhdn dang qua viéc phdn tich
hinh danh tai thoi diém ddt ngét thay doi mau sdc. Van dé diéu tiét dé am va nhiét do tir hé thong
cdp am can dwoc diéu tiét tir cdc van dién tiv. Tac gid mé hinh héa moi quan hé twong tdc gitta
cac van dién tu dya trén ly thuyét dé thi, va thudt todan t6i wu leu lwong hoi am qua van dién tir.
Két qua da dé xudt dwoc mot dinh Iy va mot thudt toan. Cac két qua da dwoc chung minh dung
ddn bang todn hoc va mé phong qua dé dam bao dwoc yéu cau dieu khién theo yéu cau dam bdo
chat lwong ciia ché den.

Tir khoa: Ché den; Ti uu; Nhiét do; Do 4m; Mau sic; Phi tap trung.
1. MO PAU

Vén dé 6n dinh nhiét d6 va do 4m trong mdi giai doan dua trén cuc tiéu hoa sai léch mau sic
gilta anh mau va mau sic cua khéi ché tai thoi diém nhén dang hinh anh [1] trong qué trinh 1én
men ché den 14 rat quan trong va anh huong dén chat luong san pham ché den. Nhiét d6 va do am
[2] che ban thanh phan trong qua trinh 1€n men cé quan hé chat ch& voi nhau, ching quyét dinh
dén mau sic va chat lugng cua che, viée didu chinh riéng nhiét d6 va d6 am la rat khé. Vi vay,
khong ché d6 4m theo mau sic ché duoc lya chon. Céc nghién ctru dya trén ly thuyet dd thi, va
thuat toan t6i uu luu lugng hoi 4m dé diéu khién hé thong [3-5]. Thuc té, hau hét cac hé thong didu
khién dang c6 dugc chia ra thanh 2 phén Phan 11a kiém soat nhiét d6 va do am trong giai doan 1
va 2. N6 duoc thye hién bing cach diéu khién toc d6 cua 02 dong co khong dong b 3 pha cho hé
thong budng cap am va may hit am, tir d6 thay doi duge luu luong hoi &m cap cho moi qua trinh
1én men ctia ché den tuong tng véi giai doan 1 va 2. Phan 2 1a kiém soat thoi gian ctia qué trinh
1én men trong giai doan 3 thong qua diéu chinh toc d6 ciia bang tai van chuyén khéi ché trong qua
trinh 1én men. Ca hai ph?m trén dugc diéu khién dua trén sai 1éch mau séc khéi ché gitra anh mau
va anh chup, tir d6 tao ra tin hiéu tham chiéu cho qua trinh cong nghé théng qua luat suy ludn mo
[6, 7]. Tuy nhién, cic nghién ctru chua chi ra 1 dwoc mbi quan hé giira sy thay d6i mau sic va
nhiét do, d6 4m 1a nhu thé nao, va 1am thé nao dé thuc hién didu khién hé théng dua trén méi quan
hé nay. Do vdy, nghién ciru nay dua ra bai toan thyc hién diéu khién h¢ thong nham t6i wu hoa
gilta mau séc, nhiét d6 va do 4m dé san phdm dam bao chat luong.

2. BAI TOAN PAT RA

Xuét phat tir diy chuyén 1én men ché den 13 mét qua trinh lién tuc va cac giai doan 1én men
lién quan mét thiét d€n nhau ca vé chat lugng cling nhu nhiét d¢ va d¢ am cia khoi che den dugce
trinh bay nhu hinh 1 cu thé nhu sau:
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Méi trong quan 1 Méi trong quan 3
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Giai doan 2 3| Giai doan 3

Méi trong quan 3

Hinh 1. Cdc giai doan lén men ché den.

[(0,)1]

- Chat lugng (TF/TR) ctia khéi ché len men trong qua trinh 1 14 nguyén liéu dau vao cho quéa
trinh 2 va né ciing anh hudng gian tiép dén chét lvong (TF/TR) cua qua trinh 3 va tir d6 anh hudng
tryc tiép dén ché thanh pham.

- Tuong ty, chat luong (TF/TR) cua qua trinh 2 la dau vao cho qua trinh 3 va né ciing anh
hudng truc tiép dén chat luong che thanh pham [8].

- Ngoai ra, viéc diéu khién nhiét do, ¢ 4m ciia khdi che trong ting giai doan chi dugc thyc
hién thong qua 2 dong co khong dong bo. Tuc la, chi thye hién diéu chinh nhiét d6 va d6 am
ctia budng cip 4m dau vao tong Diéu dé cung c6 nghia 12 néu ta dang diéu chinh chit luong
(TF/TR) cua giai doan 1, thi chat lugng & giai doan 2 va 3 s& khong diéu chinh dugc va twong
ty v6i cac giai doan khac. Piéu nay din dén viéc tdi wu chat luong cua ché thanh phdm cén
duoc cai thién hon.

- Céc luat diéu khién cho day chuyén 1én men che ty dong déu dua vao sai léch gitra anh mau
va anh nhén dang sau 5 phut. Vi vay, tai mét thoi diém ta s& thu dugc 3 sai 1éch va tir d6 can phai
c6 mot luat diéu khién phdi hop gitra 03 sai 1éch nay dé 1am tin hiéu tham chiéu cho 02 dong co
khong dong bd. Nhu vdy, viée diéu chinh doc 14p cac giai doan gitp cho viée thuc thi d& dang
nhung chét lugng (TE/TR) s& khong dugc t6i wu.

Céu tric cua hé thong diéu khién dé xuat dugce trinh bay nhu hinh 2.
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Hinh 2. So do khéi hé thong diéu khién on dinh toc @6 bang tdi.
Dé t6i uu chat luong che (TF/TR) 6 ting giai doan, tac gia dé xuat t01 wu luwu lugng hoi 4m cho
ting giai doan. Tiép sau ddy, tac gia dé xuit mot sb vin dé can giai quyét nhu sau:
- M6 hinh hoa hé thdng van dién tir va mé hinh su tac dong qua lai giita cac van.
- Thiét ké thuat toan diéu khién t6i wu luu lugng cho hé théng van ¢6 xét dén ca chat lugng che
trong ting giai doan va cht lugng ché thanh phdm dau ra.
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- Tinh chon cac tham sb cho bd diéu khién tbi uu.
3. PE XUAT HE THONG PIEU KHIEN VA THUAT TOAN TOI UU
TRONG QUA TRIiNH LEN MEN CHE DEN
3.1. Pé xuit hé thong diéu khién t6i wu phi tip trung
Tac gia dé xudt giai phap dé cai thién cho day chuyén san xuét ché den tu dong dugc trinh nhu
hinh 3 va hinh 4.
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Decentralized Controller

Hinh 4. So do khoi hé thong diéu khién 6n dinh toc dg bang tai.
a) M6 hinh hoa van dién tir
M® hinh ctia van dién tir i c6 thé duoc mo hinh nhu hé théng giam chén va 16 xo dugc minh
hoa nhu hinh 5.

32 D.H.Du, ..., H. M. Viét, “Dé xuit by diéu khién t6i wu ... cho cac quéa trinh I&n men ché den.”
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Hinh 5. Minh hoa van dién tu voi lo xo va hé giam chan.

M0 hinh toan hoc cta hé théng van dién tr c6 dang nhu sau
d (dx; dx; N2AIZ
me () + o +hn = S @

Trong do:

- x; 12 d6 dich chuyén cua phan tng cta van dién tir thir i;

- o hé sb tir thim;

- Aladién tich mat cat ngang cua 16i;

- N 1a sb vong cta day cudn;

- Upladotu tham tuong ddi cua vat lidu dién moi gilra cudn day va phén ung;

- X0 1a khe hé khong khi ban dau giita phan (mg va mit trong ciia khung day;

- d la khe ho ban dau lién quan dén hinh dang ctia van dién tir, nhé hon nhiéu so v6i khe ho

khong khi ban dau x;o;
- I; 1a dong dién chay trong cudn day cia van dién tur i.

Két qua mo phong van dién tir voi cac tham sé twong ing duoc thé hién nhu hinh 6.
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Parameters

Spring stiffness (k) 302.07

Damping coefficient (c) 4.2

Initial displacement (x0) 6.65%107-4

Mass of solenoid (g) 227%107~-3 v - T T Dong ?Ien(A) - v T -
2
Time-invariant coefficient (b) 0.2107 : -
Gain(kc) 3 f 1 i
Coil resistance (R) 22.5 8 05k ! 1 ! 1 ! ! ! L 1 .
Coil inductance (L) 45.5%107-3 H of I I I I I I I I I =1
OffSet=0 0.05 01 015 02 025 03 035 04 045 05

Hinh 6. M6 hinh va tham s6 cia van dién tir.
b) Cdu triic diéu khién toi wu cho van dién tir
Nhu trinh bay trén, ddy truyén 1én men ché den (hinh 4) bao gom ¢6 05 méang cép am mdi mang
¢6 01 van dién tir. D€ to1 uu hoa luu lwong hoi am, tac gia dé xuat luat diéu khien cho ting van
diéntri =1,---,5 dugc thé hién nhu hinh 4 va hinh 7. Bao gom cac thanh phan nhu sau:
- Thanh phan diéu khién bam luu lugng hoi am dt;
- Thanh phan t01 uu luu lugng van th i lién quan dén giai doan 1en men tai van cap am i;

- Thanh phén téi vu c6 xét dén anh huong luu lugng cta cac van cip lién ké cua cac giai doan
1én men.
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Locally Controlled Systems

Globally Controlled Systems
Hinh 7. Cdu tric diéu khién téi wu cho van dién ti.
Theo d6, luat diéu khién cho van dién tir cdp am thtr i dwoc moé ta nhu sau
u; =ub+uf + uf
— 5
=Kix;+koe + Ky X Tijx; 2)
s — _ T
e =T —Yi=n—C X
Trong do,
o u! latin higu diéu khién t6i wu luu lugng cua van dién tir i;
o uf 1a tin hiéu dieu khién theo sai 1&ch bam;
o) u;g 1a tin hiéu diéu khién t6i wu c6 xét dén anh hudng cua cac van dién tir 1an can voi hé sb
duong FU > 0.
C) Thiét ké b¢ diéu khién téi wu phi tdp trung
Trude khi thiét ké va tim bo diéu khién t6i uu phi tap trung cho hé thong van dién tir nhu da
trinh bay, tac gia nhac lai cach xac dinh bd di€u khién toi wu cho hé thong tuyén tinh tong quat
nhu sau:

x = Ax + Bu (3)
bai toan lac nay tim tin hiéu diéu khién u = —Kx sao cho t6i thi€u hoa phiém ham muc tiéu
1 o .
J =3[, X"Qx + u"Ru]dt - min (4)

v6i Q= QT,a’Qa>0,va,vaR = RT,a"Ra > 0,va

Loi giai ctia bai toan trén dugc xuét phat tir Iy thuyét diéu khién téi wu do Anderson va Moore
[9]. Theo d6, bo diéu khién toi wu duoc goi la b diéu khién LQR vai gia thiét 1a cap matran (A, B)
la di€u khién duogc, va no tinh toan nhu sau:

u = —R71BPx (5)
v6i with P € R™™ [ nghiém duy nhit x4c dinh dwong ctia phuong trinh Riccati sau:
PA+A™P+Q—-PBRBTP =0 (6)

Tiép theo, bai toan cong nghé dugc phat bicu lai nhur sau: Cho phuong trinh tong quat mé ta
cho hé thong van dién tir ctia day truyén 1én men ché den nhu sau:

34 D.H.Du, ..., H. M. Viét, “Dé xuit by diéu khién t6i wu ... cho cac quéa trinh I&n men ché den.”
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y=(>Is®cx
vOiu=[ug Uy o, uslT, ¥ = [V, V2 s ¥sITo X = Xp X3, ., X5]T € R®. Luat diéu khién phi
tap trung cho hé thong van dién tir ciia day chuyén 1én men ché den duwoc mo ta nhu sau:
u= I Qk)x+ Is @ kye+ (T®K,)x =10+ (Is ® ky)e (8)

voie = [eg, ey, es]T €ER>vaT = [Fi]-] . Xac dinh cac tham sé ki, kg vaT sao cho t6i uu hoa
phiém ham muyc tiéu J cta ca hé thong:

[T 1
J—fo x [kq(ls®Q1)+k§(r®Qg) xdt

+[70T[(Is ® Ri*) + (T ® RyY)[udt » min (9)
Loi gidi cua bai todn trén twong ty nhu 161 gidi cua bai toan LQR, tuy nhién, thay vi tim b6 didu
khién toi wru voi hé so K, bai toan toi wu dat ra tim kq, kg va I’ sao cho chiing chi phu thugc vao
cac thong sb ciia hé théng Is @ A, Is @ B, Is @ c’va t6i uvu hoa dugc phiém ham muc tiéu J.
Gia thiét sau ddy dugc dua ra dé dam bao 10 giai cho bai toén.
Gia thiét Al. Cip ma trdn (Is @ A, 1s @ B) la diéu khién duoc.
Gia thiét A2. Cip ma tran ([Is @ Q, +T' ® Qg]_%, Is ® B) la quan sat duoc
Tiép theo, tham s6 cta bo diéu khién s& dugc xac dinh theo nhu dinh 1y sau day.
Pinh ly 1. Cho hé thong van dién tir thod man gia thiét A1 véi meii = 1,--,5. Néu ma trgn Q va
R~ dwoc chon sao cho:

Q =kiq(15®Ql)+k—}(r®Qg) (10)

R'=I;®R)+(T®R,) (11)
Thi bd didu khién ti wu phi tap trung LQR duoc xac dinh nhu sau:
K=UQ®ky)+(T®Kk,)
véik, = — RB"P, k, = — R,BTP.

Tir d6, thudt toan sau ddy sé trinh bay cach thuc hién b diéu khién tdi wu phi tap trung cho hé
thong cap am cua day chuyén 1&én men che den.

Thuit toan 1. Piéu khién phi tip trung LQR

1: procedure Tinh toan hé s6 cua bd diéu khién

2:  LwachonmatrgnQ, € R5,Q, =0VvaR, € R°,R, =0

3:  Tinh todn ma trdn xac dinh duwong P € R®, P = PTla nghiém duy nhdt ciia phirong trinh
Riccati

A+ ATP +k—1qu —PBR,B™P =0 (12)
4:  Lyachon matrdgn ban xdac dinh dwong T € R®
5:  Lwachon Ry > 0 va chon
Q, = PBR,BP (13)
trong do, P la nghiém cua phwong trinh
‘ "A+A"P+Q,—PBRB™P=0 (14)
6:  Tinhtoan bg diéeu khién phan hoi
u; = (T ® ky)x,k; = — R;B™P (15)
u, = (Is ® k)x,k; = — R,;BTP (16)

7:  Tinh toan bg diéu khién bam
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u, = (Is ® ky)e o (17)
trong do, A, + B,K, la ma trgn Hurwitz. Sau do, bo diéu toi wu duoc tinh toan boi cong
thure sau

u=u + u. + u
8: end procedure

d) M6 phéng déanh gid két qua
Dé kiém chung thuat toan di dé xuat, tac gia tién hanh mo phong kiém ching. Str dung thuat
toan 1, dé xac dinh cac tham s6 kg, k4, va k; ta co két qua mo phong nhu sau:

|
\xg\,//

Hinh 8. Mé phéng su trao déi két néi tin hiéu giita cdc van dién tir.
100

B4 mé van 1

B4 md van 2
B0 mé van 3

B4 mé van 4
B4 md van 5

2 25 3 3.5 4 4.5 5

time|s|

Hinh 9. Pé md ciia cdc van phit hop yéu cau cong nghé.
Gia thiét rang sau khi str dung cong nghé nhan mau sic khéi cheé, do 4m can cung cip cho timg
. ~ . © ar a . . aqi] . »
giai doan da duogc xac dinh, tr d6 thong qua phuong trinh q; = k;X;, v6i q; = [qi,%] vax; =
Aqil 1y 4a 3¢ R \ A A 1: 2 SAL N r A <
[xl-, %] la d¢ dich chuyén va toc do dich chuyén va dién tur tinh theo phén tram.

Thong sb cua van dién tir Pontic F421 duoc xac dinh nhu sau: dién &p cung cép 1a 15 V, dén
tré cua van dién tir 13 22.5 Q. Hé sé d6 cing cua 10 xo k = 302.07 Nm™1, hé s damping ¢ =
12.2 kgs~1, va khéi lugng cua van la m = 227 (g), va, 8 = 0.2107,k. = 3. Tan sb lam viéc
cua van la 16.4 Hz.

Két qua mo phong thuat toan dé xuat cho thay, thong qua bo didu khién tdi wu tap trung cac
van dién tir s& phdi hop cung diéu khién véi cac do mo van khac nhau tir 0 dén 100% (hinh 9) ¢
thiét lap trén dé sao cho hé théng dat dugc chat luong t61 wu. Tur két qua md phong hinh 9 cho
thiy, cac van c6 d6 md khac nhau theo ding chu trinh cap 4m va diéu khién nhiét do theo chu trinh
cong nghé, didu nay 1a dam bao chi tiéu chat lugng ciia ché den thong qua tin hiéu hiéu diéu khién
dugc phan tich tir qua trinh nhan dang anh mau sic trong qua trinh 1én men. Nhu véy, thuit toan
méi dé xudt hoan toan ding dén va phu hop v6i ddi tuong diéu khién 1a qua trinh 16n men ché den.

36 D.H.Du, ..., H. M. Viét, “Dé xuit by diéu khién t6i wu ... cho cac quéa trinh I&n men ché den.”
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4. KET LUAN

Trong bai béo nay, tac gia da dé xuat by didu khién tbi wu phi tap trung cho hé thong 1én men

ché den, xuit phat ttr viéc mo hinh hoa mbi quan h¢ tuong tac gilta cac van dién tur dua trén ly
thuyét dd thi, va thuat toan tdi vu luu luong hoi am qua van di¢n tur. Két qua duoc thé hién trong
dinh 1y 1 va mot thuat toan duge dé xuat. Cudi cung, d& minh hoa cho thuit toan tac gia da xét hé
théng 05 van dién tir c6 mdi quan hé trong quan v6i nhau, bang cach sir dung thuat toan dé xuét
chét lugng cia hé théng da dat dugc nhu yéu cAu bai toan dit ra.
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ABSTRACT

Proposing an optimal control system specifically
focused on the black tea fermentation process

Currently, black tea maintains a significant position in the global beverage market and
brings numerous health and cultural benefits. Therefore, quality control of black tea is a
matter of concern. In this article, we proposes an optimal control system focused on the
black tea fermentation process, based on adjusting temperature and humidity parameters
at each stage affecting the quality of black tea. The color change process of tea over time
when influenced by temperature and humidity is identified through image analysis at the
moment of sudden color change. Regulating humidity and temperature from the
humidification system needs to be controlled by electromagnetic valves. The author models
the interaction relationship between electromagnetic valves based on graph theory, and an
optimal algorithm for steam flow through electromagnetic valves. The proposed results
include a theorem and an algorithm, which have been mathematically proven and simulated
to ensure control requirements for the quality assurance of black tea.
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