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In industries such as papermaking, energy, chemicals, water treatment or oil
refining, the adjustment and maintenance of stable water levels and water
flow require very high precision. Only when the above factors are ensured,
the production process can achieve optimal efficiency. Therefore, the
challenge is to control the water flow accurately to maintain the stability of
the liquid level. This paper proposes two controllers GA-PID and FUZZY -
PID, which are used to test real-time control on water tank systems and
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stabilize liquid flow, comparing with actual application requirements. The
GA-PID and FUZZY-PID algorithms are designed to control the stable liquid
level, combining the advantages of the Fuzzy and PID algorithms, at the
same time, compared with genetic algorithms, to analyze and evaluate the
quality indicators of the two controllers. The simulation results on
MATLAB/Simulink and the experiment of the two proposed controllers on
Arduino Mega microcontroller to stabilize the liquid level with a rise time of
about 48s and an error of only 0.2s are suitable for small, flexible,
economical applications, and can be easily customized and applied in water
treatment systems or paper production in small and medium factories.
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Trong cac nganh nhu san xuat giéy, nang luong, hoa chét, xir ly nude hay loc
dAu, viéc diéu chinh va duy tri én dinh muc nude cling nhu luu lugng nude doi
hoi do chinh xac rét cao. Chi khi dam bao dwoc cac yéu t6 trén, quy trinh san
xuét méi dat hiéu qua t8i uu. Do d6, thach thic dat ra 1a phai kiém soat luu
lugng nudc mdt cach chinh xac nham duy tri sy dn dinh ctia mure chit long. Bai
bao nay dé xuét hai bo diéu khién GA-PID va FUZZY-PID, dugc st dung dé
thir nghiém diéu khién thoi gian thyuc trén hé thdng bon chira nuée va on dinh
lwu Iugng chit 1ong, so sanh véi cac yéu cau Gng dung thuc té. Cac thuat toan
GA-PID va FUZZY-PID dugc thiét ké dé diéu khién 6n dinh muc chét 1ong, két
hop cac vu diém cua thuét toan Fuzzy va PID; déng thoi, so sanh vdi cac thuat
toan di truyén, dé phan tich va danh gia cac chi tiéu chit luong cua hai bo diéu
khién. Két qua mo phong trén MATLAB/Simulink va thuc nghiém hai bo diéu
khién d¢ xuét trén vi diéu khién Arduino Mega dé 6n dinh muc chét long véi
thoi gian ting khoang 48 gidy va sai s6 chi 0,2 gidy pht hop cho cac ing dung
nho, linh hoat, tiét kiém, c6 thé tily chinh ap dung dé dang trong cac hé thng
xir Iy nude hay san xuét gidy trong cic nha may vira va nho.
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1. Giéi thigu

Hién nay, cong nghiép héa, hién dai hoa ngay cang phat trién, sy tich hop cua khoa hoc k¥
thuat, trong d6 k¥ thuat diéu khién tu dong ciing da gop phan 16n tao diéu kién nang cao hiéu qua
san xuat [1]. Trong cac nganh cong nghiép san xuat nhu hoéa chét, nude dong chai, xtr Iy nudc
thai, vin dé can diéu khién dong chay va muc chét long can dap ung do chinh xac cao dé dam
bao qua trinh san xuat khong bi gian doan, ting tudi tho thiét bi. Pong thoi, ngudi van hanh
khong phai tryc tiép kiém tra cac bdn chira hodc dong md lién tuc cac van nudc, van dé dugc xa
hodc tran bon chtra hoan toan duoc phuc hoi cho du dau ra thay d6i [2]. Hai muyc tiéu chinh cta
bai bao nay: mot 13, thiét ké cac bo didu khién tdi vu muc chat 1ong va hai 13, thuc nghiém diéu
khién thoi gian thyc trén mo hinh hé thong vong kin. Hién nay, ¢6 nhiéu phuong phap thiét ké
diéu khién khac nhau dap g cac yéu cau cu thé, trong d6 PID c6 thé 12 mét lua chon cho bd
diéu khién 6n dinh muc cht 1ong, boi vi chi phi thiét ké va thir nghiém twong dbi it ton kém [3] -
[5]. Tuy nhién, khi cac théng sb phan hoi cua ca hé thong dugc thay doi, chung s& lam thay déi
céc hoat dong ciia ca hé thong kin, ma khi d6 bo diéu khién PID khong con kha ning didu khién
tt nita. Vi vy, bai bao da dé xuat phuong phap tu diéu chinh cho bo diéu khién PID sir dung
thuat toan mo [6] - [8] va giai thuat di truyén [9] - [11], dé co két qua tot hon ap dung cho h¢
théng diéu khién vong kin. Phuong phap nghién ctu ly thuyet diéu khién su dung
MATLAB/Simulink va thuc nghiém trén mé hinh h¢ on dinh muc chét long ma nhom da nghlen
ctru thue hién [12] - [14]. Két qua thuc nghiém trén mo hinh cho thoi gian ting khoang 48 gidy
va do vot 16 chi 3,14%. Giai phap dé xuét c6 tinh 6n dinh, dap tmg nhanh trong qua trinh diéu
khién va co tiém ning ing dung trong cac nganh cong nghiép.

2. Phuwong phap nghién ciru
2.1. M6 hinh hé théng én dinh mic

Ban vé hé théng 6n dinh muc chat long duoc thé hién trén Hinh 1 va m6 hinh thuc nghiém
thuc t€ cua hé thong dugc thé hién trong Hinh 2.

Water

Hinh 1. Ban vé cua hé thong [3] Hinh 2. M6 hinh thyc nghiém cua é thong [3]
Trong mé hinh ndy gém c6 cac thong s6 co ban sau: u(t): dién ép diéu khién may bom, h(t):
d6 cao muc chat 1ong trong bon, A(h): tiét dién ngang cuia bon, a: tiét dién van xa (cm®).
2.2. Xdy dwng phwong trinh todn cho hé thong

Dé xay dung phuong trinh toan cta hé thong, nhom tac gia s dung cac khéi MATLAB_FCN,
tham khao trong tai liéu [14], cac phuwong trinh cta hé thong dugc thanh 1ap (1) — (6) va chua thich
trong Bang 1.

+ Murc nude di vao bon duge tinh bang cong thic: Q,=k*u (t) )
+ Murc nudc ra ciia bon duge tinh nhu sau: Q, =C, *a*./(2* g *h(t)) (2)
+ Tbc d6 dong chay qua binh dugc tinh: Q,—Qu =k*u(t)-C,*a* m 3)
+ Theo dinh lut bao toan the tich, ta co: dv /dt=Q, - Q,, 4)

http://jst.tnu.edu.vn 46 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(14): 45-53

+ Sy thay doi cua chiéu cao myc nudc trong bon sé 1 dugc tinh bang cong thuc:

dh/dt =1/ A(h)* (k *u(t) —C, *a*)\[2* g *h()) (5)

+ Vi A(h) 1a tiét dién ngang caa bon nhur: Ay = A+ Avax = Pvin =y (6)

Tir cac phuong trinh (1) dén (6), tic gia xdy dung mé hinh toan cia hé 6n dinh mirc chat long
trén MATLAB/Simulink dugc trinh bay trong Hinh 3 va két cau co khi m6 hinh thuc nghiém
trong Hinh 4.

1
&> (O
H
U r 2 r I3 I3
Hinh 3. M6 hinh todn cua hé thong én dinh mac chat long Hinh 4. Két cau co khi mo hizyh thut
trong MATLAB/Simulink nghiém dwoc nhom tdc gid ché tao [3]

2.3. Thue nghiém diéu khién thoi gian thuc

Mb hinh thyc nghiém thoi gian thuc va so d6 ndi diy ciia mach diéu khién trinh bay nhu

\
Hinh 5.
COMMUNICATION PORT WITH MATLAB/SIMULINK
reference £ actual P
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= = = ; T T

Driver L298
Motor Shield
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(@) RO
Hinh 5. (a) M6 hinh thic nghiém diéu khién thoi gian thwc;, (D) So' do néi day mach diéu khién

Tir m6 hinh thuc nghiém diéu khién thoi gian thuc, ta phan tich duoc nguyén 1y hoat dong 6n
dinh mirc chét 16ng. Muc nuéc trong bon duge dit trude boi tin hiéu tir khoi reference signal trén
Simulink. Lic nay dong co DC bom nudc tir dudi bé 1én, dé cung cép nude vao bon chira. Cam
bién s& doc dugc mirc nudc thuc té tir khdi actual signal, dua vé bo tong dé so sanh véi mire nudc
dit tru6c va dua ra tin hidu sai sb error dén bo diéu khién s6 MicroController. Trong
MicroController s& duoc nap bd diéu khién da thiét ké tdi wu, két hop truyén théng véi may tinh
thong qua giao thie UART Communication. Ngd ra cua MicroController 1a dang xung PWM,
dua vao Driver L298. Ng6 ra cua Diver L298 1a dién ap Upc diéu khién dong co bom, tde do va
chiéu quay cua dong co phu thudce vao do rong xung ngd ra caa MicroController. Mirc nudc thuc
té actual signal dwoc tra nguoc vé bo téng, dé cho ra sai s6 16i error gitra tin hiéu tham chiéu va
tin hiéu thuc té. Sau d6, dua vao bo diéu khién thong qua cam bién sensor US-016, tra ngugc vé
bo diéu khién xay dung trén MATLAB/Simulink, théng qua giao thirc UART Communication.
Khi ta xa van nu6c dé sir dung, thi mirc nuéc trong bon s& giam. Luc nay, bd didu khién tdi vu
dugc thiét ké trén MATLAB/Simulink s& cung cap thoi gian thuc tin higu diéu khién xudng
MicroController ting d¢ rong xung PWM diéu khién ting toc dong co bom, dé diéu khién on
dinh muc nudce trong bon duoc trinh bay & mé hinh thuc nghiém trong Hinh 5.

2.4. B§ diéu khién PID

Thuat toan diéu khién vi tich phén ty 1& PID duogc ap dung Chp b(:) diéu !(hién duoc xac dinh
bai [15] va dugce trinh bay cong thac (7). Nhiém vu cta nguoi thiét ké bo diéu khién PID la chon
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lya b6 ba gia tri {Kp, Kd, Ki} thoa mén cac yéu cau diéu khién duoc trinh bay trong so db diéu
khién Hinh 6.

d t Reference —]Actal
oo (1) = Ks2(0) 1Ko UL fet)an (7 %m&mH W

Hinh 6. So do diéu khién ding thudt todn PID
Déi voi phuong phap Z-N va phuong phap auto- -tuning [16], [17] thi bd thong s6 thuat toan
diéu khién PID trong (7) duoc tac gia chon nhimng thong so trong bai bao cua Nguyén Vin Pong
Hai va cong su [14]. Viéc kiém soat myuc nude hé bon don ding bo didu khién PID trén ciing md
hinh tham khao trong [14], dé diéu khién 6n dinh mirc nuéc va so sanh cac két qua dat dugc caa
bo diéu khién PID véi cac thuat toan GA-PID va FUZZY-PID.

2.5. Xdy dwng bé diéu khién FUZZY-P1D

Diéu khién PID tu diéu chinh mo dya trén didu khién PID kinh dién va sir dung cac quy tic
suy ludn mo dé 1am cho cac tham sb PID tu chinh dinh dua trén sai 1éch e(t) va dao ham de(t).
Muc tiéu 13 tim ra cac gia tri Kp, Kd, Ki t6i wu thoa mén mé hinh toan cia b diéu khién PID (7).
Hinh 7 minh hoa nguyén tic nay va cac thong s duogc tinh theo cong thirc (8).

K, =K, +AK, K,
K, =K, + AK, k, 8
K, =K, +AK, K,

LIQUID FLOW | 7
SYSTEM [T

Hinh 7. M6 hinh bé diéu khién ding thudt toan FUZZY-P1D

Céc tham sb chinh dinh cho PID twong ng véi dau ra cia hé thong diéu khién mo
AK,, AK;, AK  ddng thoi Ke, Ke, Ky, Ky, Ky 1a cdc hé s6 tién xir 1i va hau xir 1i cho bé diéu khién
FUZZY-PID dé thuan tién cho viéc thiét ké va chinh dinh. Ngd ra ciia bo diéu khién PID ciing
chinh 1a ngd ra cua bo dieu khien FUZZY-PID. Cac tham s6 cuoi cung cua FUZZY-PID dugc
tinh theo cong thic (8) dya vao cac tai ligu [18], [19]. Trong do, cac thong sO K, K;y, K, la céc
gid tri ban dau cua bo PID, A, A, A, 14 céc gid tri dau ra cua bo dieu khién FUZZY, cac gid tri
K, K, K,la cac tham s6 chinh dinh mong muén cubi ciing. Cac ham lién thudc, cac khoang gia
tri ciia bién vat 1i va bién ngon ngir duoc nhoém tac gid thiét ké dua trén kinh nghiém chinh dinh
trong [20]. Hinh 8 trinh bay cdc tap mo sai s0 va dao ham cua sai s6, nhom téc gia st dung mo
hinh Mamdani dé xay dung cau trac cua bg dieu khién mo dugc trinh bay trong Hinh 9.
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Nguyén tic chung dé tim ra céc gid triK,,K,,K,1a bit dau véi cac gia triK K, K,, theo
[14], sau d6 dua vao dap tng va thay d6i dan. Anh huong cua cac tham sé PID tac dong 1én chét
lugng dicu khién [21] 1a co so dé xay dung luat mo.

2.6. Xdy dung bé diéu khién tw diéu chinh GA-P1D

Ap dung giai thuat Z-N dé xac dinh ba thong sé cua bo didu khién PID, déy 1a co sé dé gidi
han khong gian tim kiém cua giai thuat GA. Giai thuat GA chon loc ba thong s6 {Kp, Kd, Ki} ti
uu cho bo diéu khién PID, théa man ham muc tiéu IAE. Phan mém MATLAB dugc trinh bay chi
tiét trong cac tai liéu [22], [23] hd tro xay dung giai thuat GA. Trong bai bao nay, gidi thuat GA
duoc sir dung nhu mot cong cu dé giai bai toan ti uu, nham tim dwoc cac gia tri {Kp_opt, Kd_
opt, Ki_ opt} thoa mén ham muc tiéu cua giai thuat GA trong (9) va (10) v6i khong gian tim kiém
duogc gigi han bai (11), mé hinh diéu khién GA-PID trong Hinh 10 va luu d6 giai thuat di truyén
dugc trinh bay trong Hinh 11.

Bit diu

Khéi tao quin thé ngdu nhién
ban diu cho /K, K; K}

Thiét lip PID v mé phong hé
vong kin dé xic dinh ef1)

]

U lugng gia tri
ham muyc tiéu J

LlQlTD}'LO“ —
5\511:\1
Tuning Kp, Ki, Kd I:
Sinh thé hé méi Yes —]

2 .2 Luru gid trj t6i wu
Hinh 10. M6 hinh b¢ diéu khién GA-PID Nln Koo
d_apt
Cic thu tyc cia GA K o
Chon lge
Lai tao Két thie
o *
L

Hinh 11. Luu d6 tién trinh gidi thugt di truyén dé
) ) ) xdc dinh théng so bé dieu khién PID [24]
Tich phéan gia tri tuyét doi sai so6 cua hé thong dugce trinh bay trong cong thirc (9) [25]:

IAE:J = T|e(t)|dt 9)

Ham muc tiéu J cua giai thuat di t(uyén dugc trinh bay trong cong thuc (10), 4p dung dé tim kiém
cac gia tri {Kp_opt, Kd_opt, Ki_opt} toi uu cua bd dieu khién PID tham khao trong [26], [27]:
Fitness = min{J} (10)
_Cac hé sb avap duoc chon sao cho khong gian tim kiém du rong dé chira gia tri tdi wu [28].
bong thoi cac thong so toi vu {Kp_opt, Kd_opt, Ki_opt} phai nam xung quanh cac théng so
{Kp_zn, Kd_ zn, Ki_zn} tir giai thuat Z-N, trinh bay trong coéng thuc (11):
aKp ;v <Kp o < BKp 7y
aKy ; v SKy o _IBKd Z-N (11)
aKLZ—N < Kiiopt = /BKszN

3. Két qua va thao luan

Hinh 12 va Hinh 13 mo ta b diéu khién PID va FUZZY-PID duogc xay dung dé thuc nghiém
trén MATLAB/Simulink. Hinh 14 trinh bay ba b¢ dieu khién: mét 1a bo PID véi cac thong so
tham kﬁéo trong [14], hai 1a bd dicu khién FUZZY-PID va ba 1a by GA-PID, dugc so sanh danh
gia chat lugng trén cung mot mo hinh.
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o I O B

Hinh 12. So dé thuc nghiém diéu khién thoi gian L.

Fuzzy PD S

thuee vong kin sir dung bé diéeu khién P1D ot e ]

:
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Hinh 13. So d6 thyc nghi¢m diéu khién thoi gian ~ Hinh 14. BG didu khién GA-PID va FUZZY-PID
thuec vong kin sir dung bé dieu khién FUZZY-PID xdy dung trong MATLAB/Simulink

Viatetlevel n Tank

3.1. Péi twgng diéu khién va cdc tham sé ciia hé thong

Déi twong didu khién hé théng mirc chat 1ong vai cac thong sé dugc trinh bay trong Bang 1 va
cac tham so6 cua giai thuat GA dugc chon lya nhu Bang 2.

Bang 1. Cdc théng sé cua hé thang én dinh mic chadt long Bang 2. Cdc tham sé GA
Ky hiéu Théng  Pon Y nghia S6 ca thé 40
) vi Nhiém séc thé 9
Hox 16,5 (cm)  dd cao cyc dai S6 gen 10
Ans 1539 (cm’) tiét dién ngang cyc dai Pot bién 0,001-0,01
Ann 1188  (cm?)  tiét dién ngang cuc tiéu Lai ghép 0,1
a 0126  (cm’) tiétdién van xa S thé hé t6i da 100
k 300 (cm’/s/V) hé sé ti I véi cong sudt méy bom o ' 0.02
Y 981 (cm/s®)  gia tdc trong truong B éO

Céc tham sb cua bd PID duoc chon theo cac thong sb tham khao tir [14], bo diéu khién
FUZZY-PID va GA-PID dugc xdy dung dé so sanh dénh gia chat luong cua ba bo diéu khién
trén cung mot moé hinh.

Céc tham s6 cua giai thuat FUZZY-PID duoc chon lya thong qua mé phong va thyc nghiém
nhu sau: K, = 29, K= 1, k; = 1, k, = 50, k3= 1, Ko = 1, Kjp = 0,15, Kgo = 0,8. Nhom tac gia da
thuc nghiém trén ba bo didu khién dé danh gia tinh 6n dinh ciia ca hé thong vong kin.

3.2. Két qud thuc nghiém va thdo lugn

Thuc nghiém 1: diéu khién thoi gian thyc sir dung bé diéu khién PID véi myc chat long tham
chiéu 1a 10 cm cho két qua nhu Hinh 15 va khi giam xuong 6 cm cho két qua nhu Hinh 16.

o

Hinh 15. Két qud ;huc nghiém bg PID trén mo hinh Hinh 16. Két qud thuc nghiém bg PID trén mo
vdi myc chat long tham chiéu la 10 cm hinh voi tin hiéu giam tir 10 cm xuong 6 cm

Thyc nghiém 2: diéu khién 6n dinh muc sir dung bo diéu khién FUZZY-PID véi tin hiéu dat
1a 10 cm duoc trinh bay nhu Hinh 17 va khi giam xudng 6 cm cho két qua nhu Hinh 18.

Thuc nghiém 3: diéu khién 6n dinh mic st dung bo diéu khién GA-PID voi tin hiéu dat 1a 10
cm dugc trinh bay nhu Hinh 19 va khi giam xudng 6 cm cho két qua nhu Hinh 20.

Sau khi tién hanh cai tién bo didu khién PID sir dung giai thuat GA va thuat toan FUZZY, cac
tin hiéu vao va ra cua hé théng duoc V& trén cliing do thi, dé so sanh truc quan két qua cac bo diéu
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khién. Bong thoi, két qua vot 16 ctia hé thong sau khi thuc nghiém dugc trinh bay nhu Hinh 21 va
Hinh 22.

Hinh 17. Két qua thyc nghi¢m bg FUZZY-PID  Hinh 18. Két qua thuc nghiém bg FUZZY-PID véi tin
trén mo hinh vdi tin hiéu dat la 10 cm hiéu dap vng cua hé thong 10 cm giam xuong 6 cm

i conso

Hinh 19. Két qua thyc nghiém bg GA-PID rén Hinh 20. Két qud thuc nghiém bg GA-PID véi tin hiéu
mé hinh véi tin hiéu dat la 10 cm cua h¢ thong 10 cm giam xuong 6 cm

4 |

as A 4 AL / A

al A%

i)

gia tr dat
(em)
- b N o
o

GA-PID
FUZZY-PID
Reference

0 o
0 200 400 600 800 1000 1200 1400 1600 1800 2000
théi gian (s)

Hinh 21. Két qua ciia cdc bg diéu khién Hinh 22. D¢ vot 16 ciia cac bé diéu khién
Céc chi tiéu chat luong cua hé théng duoc trinh bay & Bang 3.

Bang 3. So sdnh cdc chi tiéu chdt hrong cua hé thong ¢ mike dét la 6 cm

Chi tiéu chit lwong Thai gian ting () Thai gian xac 12p (S) Sai s6 xac 1ap (cm)
PID 55 100 0,5
FUZZY-PID 45 70 0,2
GA-PID 50 50 0,3

Thong qua két qua cho thay bd diéu khién PID co d6 vot 16 cao, thoi gian dép tng chdm. Con
bo diéu khién FUZZY-PID va GA-PID cho d6 vot 16 t6t hon, thoi gian dép tmg ciia hé thong
nhanh hon, sai sb ngd ra thip phu hop dé diéu khién cac hé thng 6n dinh chit 1ong ung dung
trong cac nha may vura va nho.

4. Két luan

Bo6 diéu khién tu chinh dinh FUZZY-PID va GA-PID duoc thiét ké trong bai bao dé diéu
khién on dinh muc chét long. Két qua mo phong cho thay cac tiéu chuan chat lwong cua hé thong
dugc cai thién va dat gia tri t6t hon so véi by diéu khién PID truyén thong. Hai bo diéu khién
dugc thiét ké co6 tinh 6n dinh, dap tmg nhanh, do qua diéu chinh khong dang ké va c6 sai sb xac
lap nho trong qua trinh diéu khién 6n dinh mic chat long trong hé théng vong kin. Bdng thoi, bo
diéu khién dugc nhom tac gia ap dung trén moé hinh thuc nghiém diéu khién on dinh muc chat
long that do nhém ché tao. Quaé trinh thuc nghiém trén mé hinh dwgc trinh bay trong phan phu
luc bai bao, két qua cho thdy Arduino van 1 giai phap 1y tudng cho cac ttng dung nho, linh hoat,
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tiét kiém va co tl}é tuy chinh gé dang trong cong nghiép. Trong tuong lai, nhom s& tiép tuc thuc
nghién; diéu kh}ién‘hé th{)ng on dinh muc chét long st dung mang no-ron mo hoi quy két hop
giao tiep IOT dé diéu khién va giam sat h¢ thong vong kin hiéu qua hon.
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Phu luc — Clip minh hea
https://www.youtube.com/watch?v=XAKupl6yxP8
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