Joupnal ol( Science - \/ L U T E ISSN 2615-9945

GIAM SAT VA PIEU KHIEN CAC TRAM BOM
NUOC THAI THANH PHO BAC LIEU

MONITORING AND CONTROLLING WASTEWATER
PUMPING STATIONS IN BAC LIEU CITY

TRAN QUOC KHANH!", NGUYEN VAN KHANH?,
TRAN QUOC DUY? NGUYEN CHI NGON?
"Truong Dai hoc Sw pham Ky thudt Vinh Long

2Pai hoc Can Tho
Email": khanhcscc@gmail.com

Nhin bai (Received): 21/9/2022; Phin bién (Reviewed): 22/10/2022; Chép nhin (Accepted): 29/11/2022

TOM TAT

Tir nam 2006, thanh phé Bac Liéu d3 dua vao van hanh 3 tram bom xa nuéc thai dé
dbi pho véi tinh trang ngap cuc bd. Hién tai chiing da bi hu hong nhiéu tinh nang, xuéng
cap, chi van hanh thu cong. Muyc dich ciia nghién ctru nay 1a tich hop chirc ning gidm sat
muc nude, didu khién giam sat trang thai bom vao céc tram bom hién tai dya trén nén tang
internet van vat. Tai mdi tram, mot thiét bi s& dugc thiét ké dé thu thap va cap nhat myc
nudce 1én may chu ddm may. Riéng d6i véi tram chinh, con c6 thém chie ning diéu khién
va giam sat bom. Lénh diéu khién va trang thai bom dugc dong bo 1én may cha. Mot Gmg
dung web duoc thiét ké dé ngudi van hanh c6 thé tuong tic voi hé thdng hiéu qua nhét.
Céc thiét bi da duoc thiét ké, lép dat va van hanh thanh cong. Mac du con tdn tai mot sb
nhugc diém, nhung hé thdng da hoat dong 6n dinh lién tuc trong thoi gian dai gitip nang
cao hi¢u qua van hanh cac tram bom.

Twr khoa: Internet van vat, giam sat muc nudc, ing dung web, bom xa nudc thai.
ABSTRACT

Since 20006, Bac Lieu city has operated 3 wastewater pumping stations to cope with
local flooding. At present, some features of them have been damaged, degraded, and can
only be operated manually. The objective of this study is to integrate functions of water
level monitoring, control and monitor the pump status into existing pumping stations
based on loTs (Internet of Things). At each station, a device will be designed to collect
and update the water level in real time to a cloud server. Particularly for the main station,
an additional function of controlling and monitoring the pump is also developed. User
commands and pump status are also synchronized to the server. A web application is
designed so that the operator can interact with the system most efficiently. All devices
have been successfully designed, installed, and operated. Although there are still some
disadvantages, the system has operated stably and continuously for a long time, helping
to improve the efficiency of pumping stations.

Keyword: Internet of things, water level monitoring, web application, wastewater
pumping.
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1. GIOI THIEU

Cung véi su ting truong kinh té va
d6 thi hoa, cac thanh phd ¢ Viét Nam noi
chung va thanh phd Bac Liéu ndi riéng
dang ddi mit v6i nhiéu thach thirc vé méi
truong, dién hinh nhu 6 nhidm khong khi,
nude va chat thai ran. Mot s6 nguyén nhan
chinh c6 thé ké dén 1a toc do ting dan sd
cao; qua trinh do thi hda, cong nghié¢p hoda
va hién dai héa nhanh; thyuc thi phéap luat
vé bao vé moi truong han ché: nguén Iuc
bdo v€ moi truong khong du; va dic biét
1a syt lun dét két hop nhimg tac dong tiéu
cuc cua bién doi khi hau ngay cang rd rét.
Diéu nay tao stc ép 1én dén mai truong do
thi, dic biét 1a h¢ thong thoat nudc, chong
ngap lut do thi.

La mot thanh phé ven bién, Bac Liéu
chiu anh huéng rit 16n cua bién doi khi
hau, d6 thi bi ngdp thuong xuyén nhat
la vao mua mua. Nam 2006, Lién bang
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Australia (Commonwealth of Australia)
dd dau tu xay dung hé thong bom xa thai
cho thanh ph6 Bac Liéu dé giai quyét van
nan nay. Vi tri 1ap dat cac tram nhu minh
hoa trong Hinh 1b. Tuy nhién, do van hanh
thuong xuyén, lién tuc nén nay hién tai hé
thong da xudng cap, hu hong nhiéu tinh
nang. Cac tu diéu khién bom tai tram trung
tam (Hinh 1a) d3 hu hau hét cac chtic ning,
hién tai chi str dung hai nat START va STOP
dé van hanh bom thu céng. Du ¢6 nhidu nd
luc, nhung cong tac chéng ngap do mua va
triéu cuong tai tinh Bac Liéu van con kho
khan. Hién tai, cac tram bom x4 nudc thai
chi van hanh thi cong theo phuong 4n “Bb
tri cong nhan truc, van hanh tai chd” nén
anh hudng rat nhiéu cho sirc khoe va tiéu
t6n nhidu cong strc lao dong. Viée cai thién
cac tinh nang cua tram bom hién tai, nhét
1a 4p dung cong nghé 4.0 trong giap sat va
diéu khién s& cai thién duogc higu suit van
hanh va nhét 1a strc khoe cong nhén.

Hinh 1. Hién trang tu diéu khién tai tram bom trung tdm va vi tri cdc tram bom

Hién nay, cong nghé IoTs da va dang
duoc ap dung trong nhiéu linh vuc cia doi
sdng. Cong nghé nay tao nén mot co ché
rat hiéu qua dé thu thap dir liéu hay diéu
khién thiét bi qua internet. Bac biét, [oTs
da dugc ap dung nhidu nghién ciru giam
sat muc nudc song, kénh rach, giam sat i
lut [1, 2, 3]; muc nudc cac hé théng bon

trit nude sinh hoat [4]. Pic diém chung cua
cong nghé nay cac tram thiét bi (Things)
dugc dat khap noi trong pham vi tmg dung
dé thu thap dir liéu hay 1énh diéu khién tur
web hay trng dung di dong. Cac dir li¢u thu
thap dugc s& duge dong bo 1én may chu
dam may dé luu trir va phuc vu cho ung
dung. Co ché nay gitip ngudi st dung co
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thé giam sat, phan tich dir liéu hay ra 1énh
diéu khién tir xa rat linh hoat va tién dung.
Mo hinh nay dic biét phu hop voi hé thong
giam sat myuc nude va diéu khién bom xa
trong nghién ctru nay.

Muc tiéu ctia nghién ciru nay 1a nham
xay dung hé thdng cho phép dé giam sat
va diéu khién phén tan cic tram bom qua
internet dya trén cong nghé IoTs. O giai
doan thir nghiém tinh ning gidm sat va diéu
khién bom chi ap dung tai tram trung tam.
Dé thyc hién hé thong, thiét bi thu thap
sb liéu muc nude sé& duge dat hai tram vé
tinh dé lién tuc thu thap sb liéu muc nudce
gli v& may chi dam may. Hién tai dit liéu
nay chu yéu dé ngudi van hanh xac dinh
thoi diém mé bom. Tai tram trung tam,
thiét bi duoc thiét ké ngoai chirc nang thu
tap muc nudc con co6 kha nang van hanh
may bom xa qua mang internet. D& li¢u
muc nude sé duge luu trir dé phuc vu cho
phan tich danh gia trong tuong lai. Thu
thach chinh trong thiét ké cac tram thiét bi
la moéi truong bén dudi tram bom rat ban,
ludn chira déy rac sinh hoat, tinh an mon
kim loai rat manh. Bén canh d6, may bom
dang hoat dong nén can co giai phap can
thiép t6i thiéu khi diéu khién tir tng dung.
Thanh cong ctia hé thong s& gitip nang cao
hiéu sudt van hanh, lam nén tang cho tu
dong hoéa hoan toan hé théng tram bom
trong tuong lai.

2. PHUONG PHAP

Tong quan vé phuong phéap thuc hién
cta nghién ctru nay dugc trinh bay trong
Hinh 2. Hé thdng duoc thiét ké s& nang cap
thém tinh ning giam sat muc nudc va diéu
khién bom qua internet cho ti dién sin co.
Tinh ning diéu khién bom chi thuc hién
tai tram bom chinh (Tram 1), hai tram vé
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tinh (Tram 2 va 3) chi thuc hién thu thap
dwr liéu myc nude. Céac tram giao tiép thoi
gian thyc véi nhau dya trén co so dir li€u
thoi gian thuc (Realtime database) cua
Firebase [5]. Dir liéu qua khtr ctia cac tram
s€ dugc luu trén vao médy chu ddm may cua
Thingspeak dé tiét kiém dung luong sir cia
Firebase vi ca hai may chii déu sir dung gidi
han mién phi. Dé diéu khién qua mang, tai
tram chinh, mach dugc thiét ké s& tuong
tac truc tiép v6i hai nit khoi dong bom
(START) va dung bom (STOP), trang thai
hoat dong cta bom s& duoc kiém tra qua
cam bién dong dé khong xam l4n vao hé
thong. Thiét ké chi tiét ciia cac thanh phan
trong hé thong s& dugc trinh bay trong cac
phan tiép theo.

I’ N
C‘Thingspeak P Firebase i Web-apps 09\9
1

Internet

Tram 2 Tram 3 E

............

Cam bién
muc nude

Cam bién
muc nudc

Cam bién
muc nudc

May bom

Hinh 2. Téng quan vé hé théng

2.1 Tram thu thip va diéu khién
bom chinh

Tram 1 duogc dat tai tram bom xa thai
trung tAm vira thu thdp muc nudc, diéu
khién dong md va giam sat bom. Bén
canh do, tram nay ciling thu thap muc
nudc giam sat tai hai tram v¢ tinh dé ghi
1én co so dit liéu Thingspeak [6] dé don
gian hoa viéc dong bo thoi gian luu tri.
Pi c6 nhiéu phuong phap do muc nudc
da duoc ap dung tuy thudc vao dac diém
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ctia vi tri ap dung. Phuong phap phd bién
nhét 1a st dung cam bién siéu am [1, 7,
8]. Phuong phéap nay co6 chi phi ap dung
thap, d6 chinh x4c kha cao nhung chi phu
hop cho céc vi tri thong thoang, it rac sinh
hoat. Gan day k¥ thuat xir Iy anh ciing da
ap dung vao do dat muc nudc song, kénh
rach [8, 9]. Xt 1y anh cho két qua do dat
rat kha quan, tuy nhién bi phy thuc nhiéu
vao diéu kién moi truong, can duoc cai
tién trude khi ap dung rong rdi. Véi dic
thu ludn duge day nip kin, bi lap day boi
rac sinh hoat, moi truong dé an mon cho
nén cam bién thuy tinh cong nghiép duoc
chon dé giam sat myuc nudc tai tram bom
chinh va hai tram vé tinh. Cam bién st
dung c6 khoang do t6i da 4 m, ciu tao tir
thép chong gi 304 dé dam bao co thé hoat
dong lau dai ¢ diéu kién dn mon manh.
Tuy nhién, loai cam bién nay rat dé bi anh
huong boi dong chay, dac biét 1a dong
nudc xody khi van hanh bom nén muc
nudc giam sat c6 do chinh xac khong cao,
can c6 giai phap cai tién trong twong lai.
Vi diéu khién ESP32 dugc chon lam b
xtr Iy chinh & mdi tram.

Bom dugc diéu khién bang mot dong
co 3 pha thong qua tu dién duoc lap dit san
tir du an tai trg. Hinh 3 trinh bay so do khdi
mach diéu khién tai tram chinh. Giai phap
diéu khién bom 1a st dung tiép diém ro-
le d4u ndi truc tiép vao nut didu khién tha
cong trén ta dién. Pé mé bom, ESP32 s&
diéu khién ro-le co tiép diém thuong ho NO
(Normally Open) dau song song voi tiép
diém START. Nguoc lai, dé tit dong co,
ESP32 s& diéu khién mot ro-le khac c6 tiép
diém thuong déng NC (Normally Closed)
dau nbi tiép véi tiép diém STOP. Phuong
phap niay dam bao mach diéu khién sé& can
thiép it nhat vao ta dién hién tai.
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Hinh 3. So dé khéi tram chinh

Trang thai ciia bom dugc giam sat bang
cam bién dong STCO13 ctia hang YHDC
[10]. Cam bién nay do dong tiéu thu trén
mot pha dién cdp cho bom dé xac dinh
trang thai. Cam bién nay c6 thé do dong
dién toi da 100A treo tryc tiép vao day tai
don nén viéc lap dit rat don gian, khong
xam lan.

Vi diéu khién ESP32 s& thu thap dit liéu
muc nude, dong don cip cho bom, giao tiép
internet dé luu trix dix lidu 1én Thingspeak,
ghi dir liu tirc thoi 1én Realtime database
cua Firebase dé cap nhat 1én tmg dung web.
Bén canh d6, ESP32 cling nhan 1énh diéu
khién dong/mé bom va phan hoi trang thai
vé tmg dung web.

Hinh 4 trinh bay thuat toan chuong
trinh cia Tram 1. Tram nay thyc hién hai
tac vu chinh 1a cAu hinh wifi va vong lap
chinh cia tram. Tac vu cdu hinh wifi s&
kiém tra xem di c6 diém truy cip nao da
duoc ciu hinh chua, néu chua no s& khai
dong chuong trinh webserver cho phép
ngudi st dung mé trang web cau hinh diém
truy cdp. Sau khi cdu hinh, hé théng sé&
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dugc khoi dong lai dé két ndi wifi. Nguoc
lai, néu diém truy cap da duogc thiét 1ap thi
n6 s& thuc hién két ndi wifi. Khi két nbi
thanh cong tram s€ doc muc nudc, trang
thai may bom dé cap nhat 1én Firebase sau
mdi 500 ms, va sau 10 phut n6 s& doc muc
nude cua hai tram 2 va 3 dé luu trir vao
Thingspeak. Hé thong sir dung thoi gian
thuc, lién tuc déng bd vi thoi gian internet
qua may chu thoi gian NTP (Network time
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protocol) [11]. Trang thai diéu khién cua
may bom chi dugc xéc nhan va thuc hién
diéu khién bom néu n6 dugc duy tri lién tuc
5 1an 1ap cua hé thong (khoang 3 gidy) dé
tranh truong hop nhiéu tai cam bién dong
lam cho may bom mé& ngoai y mudn. Trong
qué trinh hoat dong, néu wifi bi mat két ndi
thi chuong trinh s& quay vé vong 1ap thuc
hién két ndi lai.

Thiét 1ap Wifi

Khéi tao hé théng

Tre 15s—
khoi dong lai

Wifi da
két n61?

s Doc muc nude hién tai

Kiém tra va cap nhat
trang thai méy bom

100ms
tré1 qua?

10 phat
tré1 qua?

Kiém tra va thuc hién
ché do diéu khién

Luu lén
Thingspeak

Hinh 4. Thudt todn chuong trinh tram chinh

Cam bién do muc nude st dung cam
bién thily tinh cong nghiép c6 ngd ra dong
dién tir 4 — 20 mA tuong tng véi khoang
do t6i da 4 m. Ngd ra dong nay s& duoc
chuyén di thanh dién ap bang két ndi voi
dién tré 150 xuéng 0 V cta mach, dién ap
ngd ra s& tir 600 mV dén 3V, phu hop véi
khoang dién ap ngd vao ADC (Analog to
Digital Converter) cia ESP32. Tuy nhién,
hién tai két cau chong hoi luu nude khi bom
ctia hd bom da bi hu hong, dong nudc hoi
luu kha 16n nén cam bién s& dao dong 16n
khi bom dang hoat dong. Do d6, hién tai
muyc nude chi do tot khi khong bom. Cam
bién thuy tinh ciing s& dugc thi nghiém thu
thap s6 liéu dé hiéu chinh khi lap dat.

2.2 Tram giam sat muc nudc

Tram 2 va 3 1a hai tram giam sat muc
nudce dugce dat tai hai tram bom xa thai vé
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tinh. Hién tai, hai tram nay chua tich hop
chirc ning diéu khién va giam st bom. So
d6 khéi tuong ty Tram 1 nhung chi gom
cam bién thuy tinh va giao tiép wifi. Thuat
toan chuong trinh cta hai tram nay ciing
twong ty nhu Tram 1 nhung luot bo phan
lién quan dén diéu khién va gidm sat bom.

2.3 Ung dung giam sat diéu khién

Ung dung nay dugc thiét ké dua trén
nén tang web tinh, giao di¢n duoc thiét
ké bang ngon ngit HTML (HyperText
Markup Language) va CSS (Cascading
Style Sheets), xtr ly twong tac voi nguoi sir
dung bang ngdn ngir JavaScript. Giao dién
chinh cta tmg dung c6 thé tham khao tai
lién két https://tronics-sever firebaseapp.
com/dashboard.html. Khi chua dang nhéap,
nguoi sit dung chi cé thé giam sat myc nudc
ttre thoi, biéu d6 muc nude trong qua khir
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va trang thai bom. Chirc ning diéu khién
bom chi kha dung khi nguoi dung dang
nhap bang tai khoan dwgc cap phat sin.
Ung dung s& thyc hién két ndi v4i Realtime
database cua Firebase, cho su thay doi gia
tri muc nudc tai cac tram va cap nhat Ién
giao dién. Pinh ky 10 phut, dit li¢u qua khur
duoc luu trén Thingspeak s€ dugc doc vé
dé vé dd thi muc nuée qua khur trén Gng
dung. Bén canh d6, ing dung ciling cung
cap chic nang Biéu do dé cho phép chon
khoang thoi gian quan sat linh hoat hon.

3. KET QUA
3.1 Hi¢u chinh cim bién thiy tinh

Hinh 5a trinh bay so d6 nguyén 1y lip
dat cam bién thuy tinh. Do cam bién thuy

Ta dién /4 &
{ 2
g 300
g 2
Nén gach ‘2’250
N v f .8 200
h *O
en 150
R — S 2100
— — H ] ©
L . d S 50
J— — | {O.
NF - oA . 2 0
—_ — — 0

a)
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tinh chi doc duoc do sau nén dé xac dinh
dugce muc nude hién tai, hé théng can phai
¢6 mot diém tham chiéu cuc bd, dugc xem
12 0 m. Nghién ctru nay chon mat thém cta
tram van hanh lam muc tham chiéu. D6 cao
tir thém dén vi tri cam bién 1a 370 cm nén
d6 cao tuong ddi h s& duoc tinh theo cong
thace (1).

h=370-d (1)

trong d6, d chinh la d¢ sau do dugc
bang cam bién thuy tinh. Do ba tram bom
ndm & ba vi tri cach xa nhau nén vi tri tham
chiéu cua dir liéu s& khac nhau. Pay la
mot diém khéng dong nhét trong dir lidu
thu thap, tuy nhién co thé khéc phuc duogc
trong tuong lai bang cach xac dinh cao do
qudc gia ciia mit thém cac tram.

Két qua hiéu chinh cam bién thuy tinh

y=0.1691x+ 2.2489

500 1000 1500

Dién ap ngd ra (mV)

2000

b)

Hinh 5. So dé Idp ddt va két qua hiéu chinh cdm bién thiy tinh do muc nuéc

Dé xé4c dinh duogc do cao tir dién ap tai
ngd vao ADC cuia vi diéu khién, thi nghiém
thu thap dir liéu dé tim ra phuong trinh hiéu
chinh cam bién. Thi nghiém dugc thuc
hién bang cach thu thay déi 1an luoc d6 sau
d ctia cam bién (di chuyén dan cam bién
1én xudng) tir 0 dén 250 cm (mdi bude 10
cm), ghi nhan lai dién ap tai ngd ra cam
bién. Thi nghiém duoc lap lai 4 lan, sau d6
chung sé& duogc tong hop va tim ra phuong
trinh twong quan gitta di¢n ap do duoc va
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d6 sau d. Két qua hiéu chinh dugc trinh bay
trong Hinh 5b, phuong trinh hi¢u chinh s&
duoc cai dat vao chuong trinh cua ESP32
va dugc ap dung cho ca 3 tram. Thi nghiém
hiéu chinh cam bién duoc thuc hién tai thoi
diém myc nudc dang 6n dinh dé tranh anh
huong ctia dong chay dén cam bién.

Két qua hiéu chinh duoc trinh bay
trong Hinh 5b cho thay dién ap ngd ra (truc
X) tuyén tinh v&i do sau ctia cam bién. Sau
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khi hi¢u chinh cam bién cho sai s6 =4 cm
& diéu kién nuée tinh. Sai sd nay 16n hon
rat nhidu khi dong chay xuat hién khi thuy
triéu 1én xubng, ngap cuc bo hay dong nude
xoay khi bom.

3.2 Giam sat va thu thap dir liéu muc
nudc truc tuyen

Cam bién g
dong dién ¥

Tu thu thap
va diéu khién

Ong nhwra PVC |
chira cam bién

Dién 3 pha
dan dén bom

ISSN 2681 5-9945

Sau khi thiét ké hoan chinh cac mach
dién duoc bd tri trong tu dién nhya 20x30
cm nhu minh hoa trong Hinh 6a va 6b va
duoc lép dat tai cac tram bom xa. Hinh 6a
minh hoa vi tri lip dat tu, cam bién dong
dién va cam bién do muc nudc tai tram
trung tam.

Hinh 6: a) Ldp dqdt thuc tétram 1, b) bé tri mach hép thu thdp va diéu khién tram 1 va b) bé tri mach hép thu

thap ditliéu tram 2 va 3
Trang thai myc nuéc Trang thdi mdy bom  Trang thai may bom
v . £ A
Muc nudc tram 1 (m) (' Muc nuéc tram 2 (m) \* Muc nudc tram 3 (m) | _—
é{g =
163 178 142 — =
Cip rhge mei 29y Clonhstmdi2gdy Chp nht i 2glly 4 4
a) b) c)

Hinh 7. Mu'c nudc tai cdc tram va trang thdi bom trén iing dung: a) mu'c nudc tirc thaoi tai 3 tram, b) bom dang
tdt va c) dang bat

Biéu d6 mwc nwéc thu thap tai 3 tram bom
T

3 t-{—=—Tram chinh
—-»-=Tram 2

E
= ,
k)
5
c I -
[
=
2 _
0.5 —
0 Il 1 1
Aug 23 Aug 24 Aug 25 Aug 26 Aug 27
Thoigian 2022

Hinh 8. Dir liéu mu'c nué'c thu thap duoc

Sau khi dang nhap vao ting dung web
nguoi van hanh co thé theo ddi thoi gian
thue mue nude tai cac tram so voi1 mat thém
va trang thai bom tai tram trung tdm nhu
minh hoa trong Hinh 7. Bom c6 thé diéu

khién bat/tit qua ung dung hodc truc tiép
tai tram. Diéu nay hitu dung gitp nguoi
van hanh c6 thé giam st va diéu khién hé
thdng d& dang qua img dung ma khong can
phai truc tiép dén tram.
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Bén canh d6, dir li¢u myc nudc qua
khir ciing duoc luu triv va hién thi trén tng
dung dudi dang dd thi nhu Hinh 8 giup
nguoi van hanh cling nhu nha quan 1y c6
thé quan sat, phan tich danh gia hay dua
ra cac du bao hitu ich vé tinh hinh ngap lut
tai thanh ph6 Bac Liéu trong tuong lai. Tuy
nhién, riéng tram bom Ngo6 Gia Ty (Tram
3), do cong ngam hién hiru 1a loai cong bé
tong tron, duong kinh 0,6 m, khi vén hanh
lwong nude khong kip d6 vé& ham bom nén
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4. KET LUAN

Bang viéc ap dung ha tang IoTs va
cong ngh¢ dién tu hién tai, nhom tac gia
da thiét ké thanh cong mot hé théng cho
phép nang cip thém kha ning theo ddi thoi
gian thyc myc nuée ciing nhu diéu khién
va gidm sat trang thai may bom xa cho cac
tram bom nudc thai dang xubng cip tai
thanh phd Bac Liéu. Hé théng dang hoat
dong hi¢u qua gitp tiét kiém cong strc doi
ngil van hanh. Mic du con ton tai mot s6

di liéu qua khur (dwong mau xanh la) bi
dao dong kha 16n khi bom hoat dong.

nhuoc diém nhung hé théng da mo ra mot
s0 hudng céi tién rat tha vi trong tuong lai.
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