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TOM TAT

Phan tich nuée thai dé giam sat dich té hoc (Wastewater-Based Epidemiology — WBE) di
chitng minh tinh hiéu qua trong viéc phdt hién sém cdc nguy co sirc khée cong dong nhw bénh
truyén nhiém hodc chdt gdy nghién. Tuy nhién, tai Viét Nam, diéu kién co s¢ ha tang nwéce thai chua
hodn chinh ddt ra nhu cau phdt trién cac gidi phdp ldy mau phit hop. Bai bdo nay trinh bay thiét ké
mot hé thdng bom lcfy mau nude thdi thong minh co kha nang hoat dong tw dong, chiu diéu kién moi
truong khdc nghiét, chi phi thap va cé kha ning mé réng. Hé thong sir dung vi diéu khién ESP32,
bom mang DC, cam bién nhiét dé va luu lirong, cung thudt toan diéu khién PID. Két qud mé phéng

va thir nghiém thuc e chuirng minh hiéu qua va do tin cdy cua giai phap.
Tw khoa: Nuwdc thai; Bom, chy mau; Diéu khién.
ABSTRACT

Wastewater-Based Epidemiology (WBE) has proven to be an effective tool for the early
detection of public health threats, such as infectious diseases or illicit drug use. To perform this, the
incomplete wastewater infrastructure in Vietnam necessitates the development of suitable sampling
pumping solutions. This paper presents the design of a smart wastewater sampling pump system
that is capable of automated operation, can withstand harsh environmental conditions, is low-cost,
and scalable. The sampling pumping system utilizes an ESP32 microcontroller, a DC diaphragm
pump, temperature and flow sensors, and is controled by a PID control algorithm. Simulation and

real-world testing results demonstrate the effectiveness and reliability of this solution.
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1. GIOI THIEU

Phuong phap WBE da dugc chung
minh la cong cu hi€u qua trong viéc giam sat
dich bénh (SARS-CoV-2, poliovirus, v.v.) va
hanh vi st dung chit gay nghién trong cong
ddng [1-3]. Tuy nhién, dé dam bao tinh dai dién
clia mau, qué trinh 14y mau phai dap tung duoc
cac ti€u chi: lién tuc, chinh xac, thich nghi véi
diéu kién dong chay va méi truong khac nghiét.

O Viét Nam, noi c6 nhiéu kénh muong
ho va hé théng xtr 1y nudc thai chua dong bo,
viéc ldy mau theo cach thu cong 1a phd bién
nhung khéng hiéu qua. Do d6, can mot hé
théng bom léy mau c6 tinh tu dong, do tin cdy
cao, gia thanh thap, d& trién khai dai tra.

2. CO SO KHOA HQC VA CAC NGHIEN
CUU LIEN QUAN

Cac hé thong ldy mau tiéu chuan qudc
t& nhu ISCO 6712 hoic HACH AS950 duogc
thiét ké cho ha tang kin, gia thanh cao (trén
3000 USD), va yéu cau diéu kién ngudn on
dinh. Trong khi do, cac nghién ctru trong nudc
méi chi ding lai & cdp do phong thi nghiém
hodc thtr nghiém han ché.

Bai bio nay ké thira nhitng nguyén ly
co hoc cam-phing vi mo, k¥ thuét didu khién
actuator piezo, dong thoi tich hop kha ning
hoat dong doc l1ap thong qua cac cong nghé
nhting hién dai nhu ESP32, cam bién DS18B20,
module bom mang.

3. THIET KE VA TINH TOAN HE THONG

3.1. Céu hinh phin ctg

Thanh phin M0 ta
B xur 1y chinh ESP32
Cam bién nhiét do DS18B20

Bom mang DC 12V, 50ml/min
Pin ngudn Acquy 9Ah
Loc co hoc dau hat Inox 300 mesh
, YF-S201
Flow sensor (tuy chon) (1-300 ml/min)

Mguln

Q!
Q

Hinh 3.1. Giao dién diéu khién hé thong bom ldy
mau nuoc thdi thong minh

3.2. Tinh toan chu ky liy miu

- Yéu ciu ldy mau: Vi = 3000ml trong
24 ¢i0.

- Chon chu ky 1dy mau mdi 20 phit —
n = 72 lan/ngay.

- Dung tich moi mau:

v o= 3000m!

m

~41.67ml

- Thoi gian bom mdi lan, néu Q = 50 ml/
min = 0.83 ml/s:
41.67

& = ~50.2s
0 0383

3.3. Tinh cong suit tiéu thu
-Bom:P=U-1=12V-05A=6W.

- Tong thoi gian hoat dong mdi ngay: T
=72-50.2~=3614.4s.
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- Nang lugng:
E=P- r__ 6- s6l4.4 =6.024Wh
3600 3600
- Dung lugng pin: E, =12V-9 Ah =
108 Wh » E.

- Dam bdo 24-48 gio hoat dong lién tuc.
4. PIEU KHIEN THONG MINH VOI PID
4.1 M6 hinh diéu khién PID

Pé 6n dinh luu lugng trong diéu kién

moi trudng thay doi, tin higu diéu khién duoc
tinh theo:

de(t)

u(t)=K e(t)+ Kije(r)dr +K,

Voi: e(t) = 0, = Qe (1)

-Q, .90 bang cam bién luu luong.
- u(t) duoc chuyén thanh mirc PWM (0-
255) diéu khién bom.

CAu tric diéu khién vong kin cta hé
thdng bom, trong d6 tin hiéu dit Q, f) duoc
so sanh véi tin hiéu phan hoi tir cam bién luu
luong. Sai léch duoc dua vao bo diéu khién PID
dé tinh toan tin hi¢u diéu khién cho bom. Khéi
Pump System duoc mo ta bang ham truyén

1
0.5s+1
thong. Cam bién luu lugng dwgc mo hinh hoa
v6i hé s6 khuéch dai 1.

, thé hién dong hoc bac nhét coa hé

L 1
50 I [ PiDis) —*

- 05541

ol Pump St Fiow Sens

Hinh 4.1. M6 hinh diéu khién PID cho hé thong
bom
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Két qua md phong cho thay hé thong
dat gia tri luu luong mong mudn (1 ml/min)
sau khoang 15 gidy, voi do qua diéu chinh gan
nhu bang 0 va thoi gian qua do ngan. Piéu nay
chting to bd diéu khién PID di dugc diéu chinh
hiéu qua, dam bao luu luong 6n dinh ngay ca
khi c6 thay d6i ban dau hodc nhiéu nho.

Bap trng hé mnng bom wéd bé didu khién PID

Luru lurgrmg (mlfmin )

s = 20
Thiri gian (8) (seconds)

Hinh 4.2. Dap vmg luu heong cua hé thong bom
v6i b diéu khién PID

4.2. Cai dit hé so

Hé sb Gia tri
Kp 1.2
Ki 0.5
Kd 0.1

- Hé thong tu dong diéu chinh dong
bom phtt hop véi luu lugng dau vao.

5. KET QUA THU NGHIEM

- Vi tri thur nghiém: Muong nudc thai.

- biéu kién: Dong chay 0.5 m/s, d sau
1.2 m.

- Két qua:

* Hoat dong lién tuc 24 gio.

« MAu thu dugc dat du thé tich (3L/ ¥
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ngay), khong nhiém bén tap chit 16n.

* Ghi nhan nhi¢t d0 moéi truong 27-
34°C.

« Sai s6 luu luong dudi 3%.

Hinh 5.1. Nguyén mau thiét bi lay mdau nwéc thdi
trong nghién cuu

6. KET LUAN VA DPINH HUONG PHAT
TRIEN

Bai bao d trinh bay thiét ké, phan tich
va danh gia mot hé théng bom lay miu nudc
thai thong minh, hoat dong on dinh trong moi
truong thuc té tai Viét Nam. So voi cac hé
thdng thuong mai hién tai, giai phap nay c6 chi

phi thip (< 2 triéu VND), d& trién khai, va c6
kha nang mo rong.

H¢ thong nay s& duoc phat trién trong
tuong lai nhdm nang cao kha ning lam viéc ty
dong va dua ra két luan nhanh va chinh xac nho
thyc hién tich hop truyén dit liéu Wi-Fi hodc
GSM vé& may cha trung tim va st dung Al
(TinyML) dé danh gia chat luong mau tai chd.

Lo1i cam on:

Nghién ctru nay dugc tai trg bdi Trudong
Pai hoc Cong Thuong thanh phd H5 Chi Minh
theo Hop dong sb 95/HD-DCT ky ngay 17
thang 01 nam 2025. <
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