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Tém tit: Ky thuat didu khién 1a mot linh vuc lién nganh doi hoi kién thirc vé toan hoc va vat
1y, mach dién, cam bién, co cdu chip hanh va vi diéu khién. N6 ciing cung cip cho ngudi ding
trai nghiém trong khi thir nghiém, mé phong va trién khai thoi gian thuc. Bai bao nhim muc
tiéu xay dung va diéu khién mé hinh 6n dinh muyc chét 1ong c6 thé ing dung dé thir nghiém céc
giai thuat diéu khién khac nhau. Giai phap duoc dé xuét 1a xdy dung phan ctng véi chi phi thap
dwa trén Arduino Mega va bd diéu khién PID dwoc xdy dung trén phan mém
MATALB/Simulink dé diéu khién 6n dinh mic chat 1ong. Két qua thir nghiém trén bo diéu
khién PID cho théy dap trng cua hé théng c6 thoi gian xac 1ap hop 1y, do vot 16 khong dang ké,
sai sb xac l1ap nhd. Véi Kkét qud néu trén, md hinh hoan toan dap tmg dugc yéu cau thuc hanh,
thi nghiém vé diéu khién hé thong.

Tiur khéa: Arduino Mega; bg diéu khién PID; diéu khién mirc long; diéu khién qud trinh;
MATLAB/Simulink

Abstract: Control engineering is an interdisciplinary field requiring knowledge on math and
physics, circuits, sensors, actuator, and microcontrollers. It also provides users experiences in
testing, simulation and real-time implementation. This paper aims to build and control a liquid
level stability model, which can be used to test different control algorithms. The proposed
solution is to build low-cost hardware based on Arduino Mega and the PID controller has been
built on MATALB/Simulink software for stable control of liquid level. Experimental results on
the PID controller shows that the response of the model has suitable setting time, negligible
overshoot and small steady-state error. With the above results, the model completely meets the
requirements of practice and experiment on system control.

Keywords: Arduino Mega, liquid level control; MATLAB/Simulink; PID controller;
process control

1. Giéi thi¢u

Hé diéu khién 6n dinh muc chat 1ong 1 hé
théng phi tuyén, khé diéu khién va ung
dung rat nhiéu trong cong nghiép, dién
hinh nhu trong céc linh vyc: ché bién thuc
pham, san xudt d0 udng, cong nghiép
duoc phém, hé théng loc nudéce, xu 1y hoa
chét cong nghiép,...Cac thiét bi dién hinh
dugc st dung trong hé thong kiém soat
muc chit 1ong bao gdm: may bom, van
tiét luu, van on-off,. . .Ngoai ra, con c6 cac
cam bién murc chat 10ng nhu phao ndi, dau
do dién dung, cam bién ap suat,...cac cam
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bién nay cung cAp muc chét 1ong do dugc
cho muc dich diéu khién vong kin [1].

C6 nhiéu phuong phap di duoc céac
nhom tac gia ap dung dé diéu khién 6n
dinh muc chit long. Nhom tac gia L.
Chen, C. Wang, Y. Yuva Y. Zhao da diéu
khién kiém soat muc chit long 16 hoi dua
trén bo diéu khién PID-md thich nghi [2].
Diéu khién kiém soat muc chit long dua
trén PLC cling dugc nhém tac gia M. Alj,
A. Hussein Miry va T. Salman 4p dung
[3]. Pong thoi, nhom téc gia V. M. Tai, N.
P. Luu va N. V. D. Hai cling da xay dung
md hinh kiém soat muc nude hé bon don
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dung bo diéu khién PID sb [4]. B diéu
khién PID (proportional- integral -
derivative) 12 by diéu khién duoc si dung
phd bién trong cong nghlep (khoang 90%)
[5] [6], dua trén co ché phan hdi vong
diéu khién. Bo diéu khién nay s& tinh toan
gia tri sai 1&ch 13 hiéu s giita tin hiéu hoi
tiép tir cam bién va tin hiéu tham khdo, sau
d6 ap dung hi€u chinh dya trén hanh dong
ty 1¢, tich phan va dao ham [7]. C6 hai
phuong phép diéu chinh bd diéu khién
PID thong dung la Ziegler-Nichols va
Cohen Coon [8], ngoai ra ciing c¢6 nhiéu
nghién ctru dé cac dinh cac thong sé cua
bd diéu khién nay, dién hinh nhu nghién
ciru cia nhom tic gid Hoang Dung -
Nguyen va The Hien -Huynh diéu khién
vi tri theo thoi gian thuc dya trén bo diéu
khién PID mang no-ron ham co s& xuyén
tam [9], nghién clru cua tac gia Nguyén
Chi Ngon dya trén giai thuat di truyén xac
dinh céac thong s cua b didu khién PID
[10]. Bén canh d6, nhom tac gia Fatiha
Loucif, Sihem Kechida va Abdennour
Sebbagh di nghién ctru tim kiém cac
thong s6 bo diéu khién PID dua trén cac
giai thuat WOA, GWO va PSO, ép dung
dé diéu khién tay may dua trén phuong
trinh dong luc hoc [11].

Song song, hé 6n dinh muyc chat long
c6 cau tao kha don gian, d& dang ché tao
dé kiém ching cac giai thuat diéu khién
khéc nhau. Tu thuc té dugc néu trén, bai
bao nay nham thiét ké va ché tao mot mo
hinh thtr nghiém 6n dinh muc chit long
v6i chi phi thap, vat tu, linh kién phd bién
dé phuc vu cho viéc kiém nghiém nhiéu
ky thuat diéu khién khac nhau dya trén
phan mém MATLAB/Simulink.

2. Phuong phap nghién ciru
2.1. Phwong trinh toan hgc

Khéo sat mo hinh muc chét long, dugc
trinh bay nhu hinh 1.
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Hinh 1. M6 hinh muyc chit 1ong
Phuong trinh vi phéan biéu dién hé diéu
khién 6n dinh muc chét long duoc trinh
bay nhu c6ng thire (1) va (2) [12].
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2.2. M6 hinh thwe nghiém

2.2.1. Tong quan md hinh

So dd diéu khién tong quan md hinh myc
chat 1ong duogc trinh bay nhu hinh 2. Muc
tiéu dat ra 1a kiém soat muc chét long theo
tin hi¢u tham khao dua trén gia tri hoi tiép
vé tir cam bién siéu 4m. M4y tinh s& lam
nhiém vu giao tiép tin hiéu gitra bo diéu
khién dugc xdy dung dya trén phan mém
MATLAB/Simulink va Arduino Mega, tir
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d6 cung cap gia tri PWM cho mach cong
suat dé diéu khién may bom.

| Arduino l—-l Mach cong suit |—I Miy bom

Hinh 2. So d diéu khién téng quan
2.2.2. Xay dgng mo hinh

M06 hinh dugc xay dung béng cac vat liéu
pho bién trén thi truong (dugce trinh bay
nhu hinh 3), phan dé chira cac thiét bi dién
va thuc hién chirc ndng lam khung do cho
toan b0 mod hinh dugc xdy dung bang
thép, bon chira chat long dugc xay dung
bang vat liéu mica, gdbm c6 hai bon: bén
chinh chira muyc chit long can diéu khién
va bon phu chtra chat l1ong dé cung cip
cho may bom.

Hinh 3. M6 hinh thuc nghiém

2.3. Piéu khién mé hinh

2.3.1. M6 phong diéu khién

So d6 mé phong diéu khién myc chat 1ong
dugc xay dung trén MATLAB/Simulink
dwa trén phuong trinh (1) va (2), ddng thoi
cac thong s6 md phong dugc trinh bay tai
bang 1.

e “ o
Yr
PID Tank

Hinh 4. So ¢6 m6 phong diéu khién

Trong bai bdo nay thong so cua bd dicu

khién PID dugc tim kiém theo phuong

phap thir - sai dya trén bang 2 [13].
Bang 2. Anh huéng cia viéc ting cac
thong so d0 loi ctia bd di€u khién PID

Pap Thoi gian | D vot | Thoi Sai sb

ung ting 10 gian xac | xac

vong lap 1ap

kin

TangKr | Giam | Ting | %8 | Giam

gikp g nh@
< - < < Loai

TangK; Giam nhe Tang Tang b6
Thay

TangKp Téng nhe Giam Giam doi
nho

2.3.2. Thyc nghiém diéu khién
D¢ khao sat diéu khién 6n dinh muc chat
long, bai bao dé xuat sir dung bo diéu
khién PID truyén thong véi cac thong sb
b6 diéu khién da dugc kiém ching bing
phuong phap mo phong. Bo diéu khién
duoc xay dung trén MATLAB/Simulink
va giao tiép voi phin ctng thong qua
Arduino Mega, theo nguyén 1y diéu khién
vong kin.

So d6 thuc nghiém diéu khién duoc
trinh bay nhu hinh 5.

Hinh 5. So d6 thyc nghiém diéu khién
3. Két qua diéu khién mé hinh
3.1. Két qua mo phong
Hi‘nh 6 tr:mh bay két qua mo phong ciia bo
diéu khién PID khi tin hi¢u dat la hinh
nac, gia st cho myuc nudc tang dan.
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4p img muc chét Iong

Tho gian [s]

Hinh 6. Pap tmg muc chét 1ong mo
phong

Két qua hinh 6 cho thiy hiéu qua diéu
khién cua b diéu khién PID diéu khién
muc chit long bam theo tin hi¢u dat hinh
nac di qua bo loc tuong doi tot, dam bao
cac tiéu chi chét lugng hé théng nhu do
vot 16, thoi gian ting, thoi gian xac 1ap va
sai s xac 1ap.

Dé kiém tra hidu qua ctia bo diéu khién
PID duéi tac dong cua nhiéu, tac gia di
gid su hé théng c6 tac dong cua nhiéu, cu
thé 1a nhilu tai tin hiéu hoi tiép, gia lap
nhidu do cam bién siéu 4m gy ra, khi d6
két qua diéu khién duoc trinh bay nhu
hinh 7.

Dap g myc chét long

dit, cac thong sb chat lwong hé thong van
dam bao.

3.2. Két qua thue nghiém

Mo hinh thir nghiém diéu khién muc chit
long dugc ché tao hoan thién nhu hinh 8.
Mo hinh giao tiép voi
MATLAB/Simulink dua trén Arduino
Mega thong qua cong USB serial.
Arduino Mega gitr vai tro truyen va nhéan
tin hiéu véi mo hinh, truyen tin hiéu diéu
khién tir bo diéu khién duoc xay dung trén
may tinh dén may bom va nhan tin hiéu
hdi tiép tir cam bién siéu 4m dé hinh thanh
b diéu khién vong kin. Thong s6 k¥ thuat
mo hinh du:oc trmh bay nhu bang 3.

Hinh 8. M6 hinh thi nghi€ém hoan thién
Bang 3. Bang thong s ki thuat

Mugc nuée [om]

-
Hinh 7. Bap tng muc chat 1éng mo
phong khi c6 nhiéu do cam bién
Két qua hinh 7 n6i 1€n hi¢u qua dicu khién
cua bo dieu khién PID khi c¢6 nhi€u tac
dong, tin hi€u thyuc té van bam vai tin hi¢u
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Kich thudc 405x 170 x 211 mm
Khdi lugng 10 kg

Phin mém MATLAB/Simulink
Vi diéu khién Arduino Mega 2560
g/ée_rllcghc(z:eu khién L298N

bong co Bom chim DC 12V
Cam bién HY-SRF05

Vat liéu chinh Thép — Mica
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Hinh 9 trinh bay dap tng muc cht 1ong
va tin hiéu diéu khién khi déng van xa, tai
thi nghiém nay muc nudc dugc diéu khién
bam theo tin hi¢u dat Yr. Thoi gian thi
nghiém 200 gidy, trong d6 60 gidy dau
tién Yr =4 cm, tai 60 gidy tiép theo Yr =
5cm va 80 gidy con lai Yr=6 cm. Két qua
thi nghiém cho théy tin hiéu thuc té cua
muyc nude c6 dao dong, tuy nhién van bam
tt so véi tin  hidu  dat.

‘Bap rng muc chat Idng

o ’ ;
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E 100 -
Sr
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o 0 40 0 0 100 20 14 160 180 00
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Hinh 9. Pép tmg muc chét 1ong thuc
nghiém

Dé khao sat bai toan diéu khién bam sat
v6i thuc té, tac gia da tién hanh thi nghiém
diéu khién muc chat long khi van xa hoat
dong, voi hé s6 xa 1a 20%. Dap tmg muc
chét long va tin hi¢u diéu khién dugc trinh
bay nhu hinh 10. Két qua cho thdy mit
nudc van ton tai dao dong, tai nhiing thoi
diém tin hiéu dat thay doi thi tin hiéu diéu
khién tang Ién, tuy nhién tin hiéu thyc té
van bam tét véi tin hiéu dat. Khao sat va
théng ké cac két qua thi nghiém dugc
trinh bay nhu bang 4.

Pap trng muc chét Iéng
:
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Hinh 10. Pap tng myc chat 16ng thuc
nghiém khi mé van xa véi hé so xa 20%

Qua céc két qua thir nghiém cho thiy mé
hinh hoan toan c6 thé tmg dung dé khao
sat cac thuat toan diéu khién khéac nhau
(bo diéu khién PID trong bai bao nay dong
vai tro kiém ching hoat dong mé hinh) va
hoan toan c6 thé ap dung trong thyc hanh,
thi nghiém.
Bang 4. Panh gia chat luong

Thoi gian ting 5£1(s)
Thoi gAlan xac 10£1(s)
lap
Sai s0 xac lap 0.240.05(cm)
Do vot 16 0.25+0.01(%)

4. Két luan
Bai bao nay trinh bai phuong phap xay
dung va diéu khién mo hinh muc chét
long véi chi phi thdp tng dung dé giang
day va nghién ctru. Két qua kiém nghiém
diéu khién mo hinh muc chat 1ong bang
bd diéu khién PID kinh dién cho thdy dép
g ctia hé thdng co thoi gian ting va thoi
gian xac 1ap phu hop, d6 vot 16 va sai s6
xéc 1ap khong dang ké. Nhu vay, mo hinh
hoan toan dap ung dugc muc ti€u dat ra.
Ngoai ra, cac két qua dat duoc trong
bai bao con la co sd dé trién khai cac thuat
toan thong minh nhu mang no-ron nhan
tao, logic mo, giai thuat di tmyén,. ..nham
muc tiéu diéu khién myc chét long.
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