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NHAN DANG VA TONG HOP BO DIEU KHIEN PID DIEU KHIEN
HE THONG MAY BOM TREN NEN TANG NHUNG VA WEB
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TOM TAT

Hé thong may bom nudc la mgt hé truyén dong gom bién tan, may bom
nudc va hé thong dng dan nudc. Trong bai bao nay, nhém nghién ctiu trinh bay
vé viéc nhan dang mo hinh hé thdng mdy bom bang cong cu Matlab
Identification két hop (ing dung gidi thuat PID va cong nghé loT trén nén tang
ESP32 nham kiém sodt ap sudt trong dudng 6ng nudc. Ngoai ra hé théng con
duoc diéu khién va giam st thong qua giao dién Web. Gii thuat dua trén
phuang phap thuc nghiém nhdm danh gia mc do anh hudng gita tin hiéu diéu
khién dau vao va tin hiéu dau ra. Tir d6 xdy dung bé diéu khién PID cho ap suat
trong dutng ong. Két qua cho thay, chét lugng cta hé thong dap (ing tot vdi céc
gid tri ddt, dong thoi dam bao dugc thoi gian xac lap.

Tirkhéa: Matlab Identification, bd diéu khién PID, ESP32.

ABSTRACT

The water pump system is a drive system which includes an inverter, a
pump, and a plumbing system. This paper presents a model determination of the
pumping system by Matlab Identification Tool in combination with the PID
algorithm and loT technology on platform ESP32 in order to control water pipe
pressure. In addition, the system can be monitored and controlled via the Web
interface. The proposed algorithm is based on an experimental method to
evaluate the influence between the input control signal and the output signal.
From there, a PID controller is built to control the pressure in the pipeline. The
experimental results show that the system's quality meets the preset values with
a setup time interval.
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1. GIGI THIEU
Hé théng may bom nudc 1a mot hé théng rat phé bién,
tUr cac hé théng tudi tiéu trong nong nghiép, hé théng
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nudc toda nha téi cadc hé thong trong cong nghiép. Viéc
kiém soat ap suat trong dudng 6ng dan la viéc hét suc
quan trong dé dam bdo an toan, tranh hién tugng nut, vé
dudng 6ng. Tuy nhién & Viét Nam hién nay, van dé nay cha
yéu dugc khac phuc théng qua viéc chon linh kién hé
thong. Vi vay khi dp dung cac cac hé thong 16n han, doi hoi
kiém soét cao hon thi viéc dua tu dong én dinh 4p suat 1a
viéc hét stc can thiét.

Hé théng may bom nudc la mot hé théng rat phé bién,
tur cac hé théng tudi tiéu trong nong nghiép, hé théng
nuGc toda nha t6i cadc hé thong trong cong nghiép. Viéc
kiém soat ap suat trong dudng éng dan la viéc hét stic
quan trong dé ddm bdo an toan, tranh hién tugng nut, vé
dudng 6ng. Tuy nhién & Viét Nam hién nay, van dé nay cha
yéu dugc khac phuc théng qua viéc chon linh kién hé
théng. Vi vay khi dp dung cac cac hé théng 16n hon, doi héi
kiém soét cao hon thi viéc dua tu dong én dinh 4p suat 1a
viéc hét stc can thiét.

Thach thic dau tién trong viéc diéu khién ap suat hé
théng bom nuéc day la viéc tim ra dugc mé hinh cta hé
thong. Trong [1, 2] da dé cap dén cach nhan dién hé théng
bién tan-ddong co nham muc dich tinh toan dugc bd diéu
khién t&i uu. Ngoai ra, viéc xay dung dugc hé théng diéu
khién va gidm sat thong minh bang vi diéu khién va hé bién
tan - ddng co xoay chiéu dugc dé cap trong [3, 4].

Bo diéu kién PID la bo diéu khién dugc sit dung rong réi
trong céc hé théng diéu khién cdng nghiép. Trong [5] tac gid
da xay dung bo diéu khién PID cho dong co 3 pha dua theo
phuong phap téi uu bay dan. Trong khi dé & [6] tac gia da su
dung thuat toan théng minh fuzzy-PID két hop véi thuat
toan PSO dé diéu khién cho 16 dién tré. C3 [5, 6] déu da s
dung thuat toan PID d€ diéu khién nhiing hé théng riéng
biét va déu dat dugc két qua tét. To 6 nhdom nghién ciu da
quyét dinh xay dung bo diéu khién PID theo [7] cho hé
truyén dong bién tan-dong ca trong moé hinh méay bom loT.

Trong bai bao nay, ching t6i sé s& dung mot phuong
phap mo6 hinh héa hé théng bang thuc nghiém dugc dé
cap trong [8] va xay dung mot hé théng thuc dé kiém tra
hiéu qud cla viéc st dung thuat toan diéu khién thong
minh trong viéc 6n dinh &p suat dudng éng trong hé théng
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bom nuédc. Ngoai ra ching t6i cling sé xdy dung mot hé
thong gidm sat trén nén tang Web. Hé thong may bom
nudc ma ching toi da thiét ké trong bai toan nay.

2. MO HINH HE THONG

DE rat ra mé hinh cGia hé théng may bom, ching ta phai
xay dung dugc ham truyén cuda bién tan, dong co may bam
va hé théng 6ng nudc. MATLAB Identification toolbox sé
dugc st dung dé gidp ching ta rdt ra dugc moé hinh cta ca
hé théng may bom.

Dong co may bom nudc (déng co 3 pha) sé dugc diéu
khién bang bién tan. Mot cdm bién ap suat dugc gén trong
hé théng 6ng nudc sé cho ching ta biét dugc gia tri dp suat
nudc c6 trong dudng 6ng. Luat diéu khién sé dugc phat
trién dua vao mé hinh h& ctia hé théng, c6 thé dugc tinh
toan théng qua su thay d8i cla dau ra ap suit va dau vao
tan s6 tu bién tan. Hinh 1 mo ta so dé khéi cia mé hinh hé
hé thong, bao gém bién tan 3 pha, hé théng may bom
(may bom va hé théng 6ng nudc), cam bién ap suat 0 -
1000kPa, vi diéu khién Arduino va giao dién Web.

Glan dién Web

Bién tin Ding co 3 pha va
Websarver &&——1Vixir j trung tam '3 e 1 théng dng dén
nuot

Hinh 1. S¢ d6 khdi mé hinh hd hé thong

Sau khi 1dy mau dit liéu, ching ta sé sir dung céng cu
Matlab Identification toolbox @& xac dinh mé hinh cta hé

Cém bién
" dpsudt

- D4u tién, chung ta sé xudt dit liéu trong file Excel vao
trong Workspace cGa Matlab bang cach st dung lénh
xlsread().

>> ul=xlsread('F:\tailisu\May Bo

yl=xlsread('F:\tailieu\May Be
save ident ul yi;
ident ul yi:
Hinh 3. Lénh d€ xudt dit liéu tir Excel vao Matlab
Trong do: u1, y1 lan lugt la dit liéu dau vao va dau ra.
- Sau dé, m& SIT bang Iénh “ident”. Chon vao Import
data va sau d6 chon Time domain data...

7, System Identification - Untitled - (u] *

File Options Window Help

|import data |

o TR .

Time domain dala - -
Freq, domain data, 2|

==

Data Views Model Views
To To
[ Tieme piot Workspace | | LTI Viewar Model sutput Transient resp Moninear ARX
D Data spectra Iodel resids Frequency resp Hamm-Viiener

[ Frequency function Zeros and poles

I
L Vaidation Data

Empty icon. No action mvoked

Noise spectrum

Hinh 4. Chon Time domain data.
- Sau khi chon Time domain data... bang sau sé md ra:

i {4\ Import Data - (| b4

Data Format for Signals

Input Properties

théng. [ime-Domain signals o] || wtersemoe: [
Cac budc str dung Matlab Identification toolbox: Period: i~ |
- D liéu sau khi thu thap sé dugc luu trong file Excel va i S
sau d6 dugc xU ly trén SIT(System Identification toolbox)
5 A X A 1A PN s 48 N Input Jut Input Tén s6
cla Matlab. Tép nay bao gom dif liéu dau vao va dau ra cla _ — _ e
Output [yt | Output: [Ap suft |

hé théng, dau vao la tan s6 t6i da cap cho bién tan va dau
ra la ap suat nudc trong dudng éng.

a | [k | DN | | W | S . - O S A 13 Data Information Physical Units of Variables

Data name: Imt,—| Input: Hz—]
Starting time: 071 Output: :kp,—_
Sample time: igz |
| Less | Notes
~
[ mpot | [ Reset |
[ cose | [ Hep | v

Hinh 5. Giao dién Import Data

Chuing ta sé nhap dau vao, dau ra va cac don vi tuong
) Ung. Data name la tén d{ liéu ma chung ta da dat tén trudc
[ - dé. Starting time 1a 0 va Sample time la 0,2. Chon Import dé
hoan tat qua trinh nhap dir liéu.

Hinh 2. D@t liéu dau vao va dau ra trong file Excel
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- Quay tréd lai SIT, chon Estimate, sau d6 chon Process
Model @€ Iua chon loai md hinh ctia hé théng. Chon Delay

dé chon hé c6 tré.

4 Systern Identification - Untitled - O e
File Options Window Help
[ioor st v moortrotes V]
a Operations a
o | =—=—wm OO [ [ O
[ 1,/ IO
[0 ] === [ ] ]
4
|Lﬂmm_- -
Data Views ity —> Wodel Views
Transfer Function Wodels.
[ Time plat State Space Uodals,. leodet cutput Transient resp Nonlnear ARX
[ ata specira Model resids Frequency resp Hamm-\Vizner
Polymomial Wodeis. ]
[ Frequency function RonSaear Modess... i Zeros and poles
Spectral bodets. data Neise spectrum
Correlation Modeis.. Mation Data
Refine Existing Modals
Ptk Tt
Hinh 6. Chon Prosess model
[#] Process Models = (m] X
Transfer Funclion Par Known Value Initial Guess. Bounds
b (mE |l | [ auto | [ Enring |
Kexpl(-Td s) ™ O | [ a0 | [ own |
(1+Tpts) o ][ o ][ wee ]
T o J[o ] [ow ]
Poles Tz [ o ][ o | [cormg]
|1 V Al real | Nd |:| | | I Auto L 0e |
Initial Guess
[ zew
Auto-seectad
[ Detsy @ o
From existing model | |
[ mtegrator o $ L
O user-defined | vale_ohtial Guess |
Disturbance Model [F';I Inftial condition [r’% I"ﬁ,'guﬂaﬁ;“j
Focus: | Simulation VI Covariance: [ ggimata vi | b-pl.;:ns ]
[ Display progress [ Stop terations |
Neme: [ pip | Estmate [ cose | [ Hew

Hinh 7. Giao dién Process Model

Chon Estimate, ching ta sé thu dugc ham truyén clia hé
thong.

Ta thu dugc d6 khép gilta mo hinh tinh todn va hé
thong thuc:
4 Model Output: 1 = O X

File QOptions Style Channel Experiment Help

Measured and simulated model output

Best Fits
Tor F10: 89.43
m b
50

401

Hinh 9. D9 khép mé hinh ctia khau qudn tinh bac nhat cd tré
Sau khi s&r dung cong cu Matlab Identification toolbox,
chung ta thu dugc ham truyén hé hg cta hé théng vai do
khép la 89,43%:
G(s) = 1,4656 .
1+ 4,5527s

—0,6952s

Sau khi xac dinh dugc mé hinh cta hé théng, ching ta
ta sé thiét ké bd diéu khién PID va sé dugc dé cap cu thé &
phan 3.

3. THIET KE BO PIEU KHIEN
3.1. Thiét ké thuat toan diéu khién

- Ta xap xi d6i tugng vé khau quan tinh bac 2:

G(s) = 1,4656 1,4656

1+4,5527s (1+4,55275)(1+0,69525)

—0,6952 _

- Sau khi tinh toan céc tham sé PID, chuiing téi thu dugc
bang 2.
Bang 2. Cac tham so

4] Data/model Info: P1D - = X Phuong phap Cong thiic tham sé Gid tri tham sé

Model name: ‘F1D ‘ Kp = % ~5,3620 k=1,4656
- Ziegler-Nichols 1 T=4,527

Coter 001 | g T,= 2L =1,3904
L=0,6952

T,=0,5L=0,2476
Process model with transfer function: A T| — T1 — 4 5527
Kb I
LR — " eprate) T k=1,4656
14Tpl*s (s K =——=2,2342 4
thoL;(Lr:g phép tdi uu POAT 245527
il 1 T,=0,6952
: K, =—=10,4907
Td = 0.6952 - Tur
< >
Sau khi nhing cac tham s6 vao Matlab-Simulink ching

Hinh 8. Hé s6 ham truyén khau quan tinh bac nhét cd tré
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ta c6 két qua nhu thé hién trong hinh 10, 11, 12.
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T tape - 0 %
[ Jooh You Spmirion fey
9 40p 0 3-8 FR-

T T T T T

| | | L { |
(] 5 ) H E] = E} =

-

Hinh 10. Phuong phap Ziegler-Nichols 1
D-:T: Yo Spirin. fp -0
- 40p0 580 £

Hinh 11. Phuang phap toi uu module
ol
:' 1':3’:3"“:’_‘“:.!‘_‘_:3. i3

- ! ! | 1 i 1 ]

L | | | I | | |
L] ) ] L n ] = =
ey e el S Talim

Hinh 12. So sanh phuang phap Ziegler-Nichols 1 va t6i uu module

TU két qua mé phdng cho thay, bo diéu khién PID dugc
xay dung theo phuong phap Ziegler-Nichols 1 cho kha
nang dap ung hé théng tot hon.
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3.2. Thiét 1ap chay thi

Hé théng chay thi clia ching ta bao gém: vi diéu khién
Arduino Mega 2560, vi diéu khién ESP32, bién tan ba pha
KCLY KOC100, cdm bién ap suat 0 - 1000kPa, may bom 3
pha va hé théng 6ng dan nudc. Arduino Mega 2560 la bo
XU ly trung tdm va ESP32 ddng vai trd nhu mét Webserver.
Hai vi diéu khién nay giao tiép vdi nhau qua chudn Uart.
Ngoai ra, dé c6 thé thay déi tan s6 cia bién tan cliing nhu
lay dit liéu vé tir thanh ghi cta bién tan, Arduino Mega 2560
va bién tan sé giao tiép vdi nhau bang giao thiic Modbus,
st dung chuén giao tiép vat ly RS485. Pau ra cla bién tan
dugc két noi truc tiép véi dong co ba pha. Cam bién ap suat
dugc gan tryc tiép trén hé théng 6ng dan nudc. Do dau ra
cUa cam bién ap suat la dang dong dién 4 - 20mA va bién
tan cing c6 mét céng vao analog Al2(Analog Input 2) 4 -
20mA, nén chuing ta sé két ndi cdm bién vai Al2 va doc gia
tri cdm bién & thanh ghi bién tan, thay vi phai s&t dung mét
bd bién d6i dé co thé két néi véi Arduino.
3.3. Thiét ké phan mém

Bt ddu

Khi tao cic clng | Tinhtodn gid rtén s
Serial bisn tan bang thudt todn
PID vé 3t cho bién tin

Bloe gié I cac.

tan

|'s

Boc gié b dit v

Webserver gii vé hu e
vin bikn set_vabe Bt gid i tén sa
= cho bién tin 3 0
-

G dr iy sang
Webserver

Hinh 13. Luu d6 thudt todn b x{ Iy trung tam

Céc thuat todn dugc néu & hinh 13 sé dugc nhing vao
vi diéu khién Arduino Mega2560. C6 bén céng viéc chinh
ma bo xd ly trung tam phai thuc hién. Tha nhat, Arduino
Mega2560 doc va xu ly tin hiéu gi vé tir Webserver (ESP32)
néu 6. Tin hiéu gli vé nay chua gia tri dat ap suat cda hé
théng (set_value). Thé hai, Arduino sé doc céac thanh ghi
chtia théng tin can thiét (trong dé thong tin vé dong dién
dau vao Al2 - chia gia tri cdm bién ap suat gui vé la quan
trong nhat). Thit ba, Arduino can tinh toan va gui gia trj tan
s6 chay cho bién tan dé diéu khién én dinh 4p suat nudc
trong dudng 6ng bang vai ap suat dat. Viéc tinh toan nay
sé dua vao thuat toan diéu khién PID va sai léch gila gia tri
dat (set_value) véi gia tri thuc do dugc (pv_value) clda hé
théng. Ba cong viéc nay sé dugc thuc hién moi 200ms. Cudi
cung, Arduino sé gui cac gia tri doc dugc tu thanh ghi cla
bién tan sang Webserver dé cé thé hién thi lén giao dién
Web. Chu ky thuc hién nhiém vu thu tu nay la 1s.
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3.4. Giao dién Web

Giao dién Web dugc thiét ké dé€ c6 thé nhap gia tri ap
suat dat cho hé théng mét cach dé dang. Ap suét nudc
trong dudng 6ng sé dugc vé truc ti€p trén do thi theo thai
gian thuc giup ngudi dung quan sat truc quan hon su thay
déi ctia hé théng. Ngoai ra, trén giao dién Web con hién thi
thém mét vai théng sé (thai gian, dién ap, dong dién ra cla
bién tan,..) d& ngudi st dung cé thé thuan loi hon trong
viéc giam sat va diéu khién hé théng.

NHAN DANG VA TONG HOP BO DIEU KHIEN PID DIEU KHIEN HE THONG MAY

BOM TREN NEN TANG NHUNG VA 10T
TAC GIA: TRINH LONG

Blén ap B
o ranss | 200, | exnsn [ oorgasn | cong s
18/D8/2022 0.00 0.00 0.00 0.00 0.00
Ap sudt dfit (kPa) wEhG |
4 th| ginm sat ap sudt nusc
Hinh 14. Giao dién giam st-diéu khién trén Web
4. KET QUA THUC NGHlEM
Tansd bién ap Diénap | Dongdién || Cong suét
Y chay sa"i;ﬂ'“h daura daura dau ra
12/09/2022 4047 29.24 1.76 0.89 0.01

Ap sullt dat(KPa) s

B4 thi giam sat 4p sult mrde

Hinh 15. Phan hdi clia hé théng véi ap sudt dat [a 50kPa

Tin sb Bign ap Didndp || Dongdién || Cong suit
Ngay chay sa“;:f}l"h dhura dAura dhura
12/09/2022 26.48 29.61 1.18 0.70 0.00
Ap sut dat(KPa) =3
©4 thi glam sat 4p sudt nurére
s 513 $0.2%
...\1'9_1}/" gy 414348 i
- 5 19
E P »
t"‘x wnn
M\xvﬂ.! i nIny 2 5”““’0“

Hinh 16. Phan hdi clia hé thong véi ap sudt dat [a 20kPa
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TU két quad thuc nghiém, chidng téi thdy rang hé
théng vong kin én dinh véi thai gian dép (ng cla hé la
khoang 18s van phu hop véi tai may bom (do dac tinh
cla dudng 6ng phai mat thoi dé nudc bat dau dugce hat
|én), tuy cd moét chit sai léch tinh nhung hoan toan c6
thé chap nhan dugc.

5. KET LUAN

Tu két qua clia qua trinh mo6 phong va thuc nghiém da
dam bao réng chung t6i c6 thé tiép tuc cai tién hé théng
bang cach s dung cac bo diéu khién théng minh nhu
fuzzy-PID, fuzzy-neuron dé mang lai kha nang kiém soat tét
hon trudc khi dp dung cho nhiing tram bom nudéc c6 céng
suat lon.
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