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LOI CAM ON

Em viét 1061 cam on nay dé bay to sy biét on dén c¢6 TS Pdng Sy Thién Chau vi
nhimg kién thirc bd ich ma cic c6 di truyén dat cho em trong xuyén sudt thoi gian
em dugc hoc tap dudi sy hudng dan cia céc co.

Cb6 ludn mang dén cac kién thirc méi mé&, hap dan, 16i cudn va rat phi hop véi trinh
dd ctia em. Nho sy chuin bi chu d4o cta co, chiung em da c6 co ho tiép nhan va
phat trién kién thirc mot cach tot nhat. Dua va nhing kién thirc ma cac c6 da truyén
dat nén em moi c6 thé hoan thién duoc dd an t6t nghiép va nhimng k¥ ning can thiét
cia mot sinh vién k¥ thuat ciing tir nhitng k¥ ning ndy s& giip em phét trién ban
than vao sy phét trién va timg budc hoan thién ban than trong luong lai.

Em viét 10i cam on nay dé bay to sy biét on dén c¢6 TS Pong Sy Thién Chau vi
nhimng kién thirc bd ich ma cac cb di truyén dat cho em trong xuyén sudt thoi gian
em dugc hoc tap dudi su hudng dan cua céc co.

TP. Ho Chi Minh, ngay 07 thang 07 niam 2025
Tac gia
(ky tén va ghi ro ho tén)



Cong trinh dugc hoan thanh tai Truong Pai hoc Ton Dic Thang

Céan bo hudng din khoa hoc TS Pong S§ Thién Chau.

Do an tot nghiép dugc bao vé tai Hoi dong danh gia P 4n tot nghiép/tong hop

ciia Truwomg Pai hoc Ton Piic Thing vao ngay... /.../......

Xéc nhan ciia Chu tich Hoi dong danh gia Do an tot nghiép va Truong khoa quan 1y

chuyén nganh sau khi nhan Do an tot nghiép da duoc sira chita (néu co).

CHU TICH HOI PONG TRUONG KHOA



CONG TRINH PUQC HOAN THANH
TAI TRUONG PAI HOC TON PUC THANG

To1 xin cam doan day la cong trinh nghién ctru cua riéng t61 va dugc su
huéng dan khoa hoc cua TS Pong Sy Thién Chau. Cac ndi dung nghién ciu, két
qua trong dé& tai ndy 13 trung thuc va chua cong bd dudi bat ky hinh thirc nao trude
day. Nhimng s liéu trong cac bang biéu phuc vu cho viéc phan tich, nhan xét, ddnh
gia duoc chinh tac gia thu thap tir cic nguén khac nhau c6 ghi rd trong phan tai licu
tham khao.

Ngoai ra, trong D0 an tot nghiép/ tong hop con sit dung mot sd nhan xét,
danh gia ciing nhu s liéu cua cac tac gia khac, co quan t6 chic khac déu co trich
dan va chu thich nguén géc.

Néu phat hién cé bat ky sw gian 14n nao tdi xin hoan toan chiju trach
nhiém vé ndi dung Pd an tét nghiép/ tdng hop ciia minh. Truong Pai hoc Ton
Ptic Thang khong lién quan dén nhitng vi pham tac quyén, ban quyén do toi giy ra
trong qua trinh thuc hién (néu c6).

TP. Ho Chi Minh, ngay 07 thang 07 niam 2025
Tac gia
(ky tén va ghi ro ho tén)



(Trang nay ding dé dinh kém Nhiém vu Do 4n t0t nghiép c6 chit ky cia Giang vién
hudng dan)
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THIET KE HE THONG 10T THONG MINH CHO NUOI
TRONG TAO — GIAI PHAP BLUE CARBON
TOM TAT

Trong bbi canh bién d6i khi hau va 6 nhiém mdi trudng ngdy cang nghiém trong,
tao dang duoc xem 1a mot giai phap sinh hoc tiém ning gitp hap thy CO: va dong
g6p vao qua trinh giam phat thai khi nha kinh. Tir dinh hudng d6, dé tai dugc xay
dung nham hd tro viée theo ddi va quan 1y qué trinh nudi trong tao mot cach hiéu
qua, ty dong va t5i wu hon.

Hé thong duoc thiét ké tich hop cac cam bién mai trudng nhu cam bién do chét rin
hoa tan (TDS), cam bién nhiét do, cam bién pH va cam bién oxy hoa tan (DO) nham
thu thap cac thong sd quan trong anh huéng truc tiép dén sy phat trién cta tao. Di
lidu tir cac cam bién nay sé& duoc thu thap va truyén vé vi diéu khién trung tam (
bang ESP32 va Raspberry Pi), sau d6 luu trit vao co so dir liéu dé phuc vu phan tich
va diéu khién.

Dic biét, hé thdng con ung dung cong nghé xur 1y hinh anh thong minh tir camera va
mo hinh hoc sdu (Deep Learning) dé nhan dién va phén tich mat do tao trong bé
nudi theo thdi gian thuc. Tir d6, hé thdng co thé phat hién cac ddu hiéu bat gitp
ngudi van hanh dua ra cac quyét dinh chinh xé4c va kip thoi.

Két qua cua dé tai hta hen s& gop phén vao viéc hién dai hoa hoat dong nuoi tdo
theo hudng thong minh va bén viing, ddng thoi dong gop vao chién luoc phat trién

kinh té xanh — giam phat thai carbon thong qua giai phap Blue Carbon.



SMART IOT SYSTEM DESIGN FOR ALGAE FARMING -
BLUE CARBON SOLUTION
ABSTRACT

In the context of increasingly severe climate change and environmental pollution,
algae are being regarded as a promising biological solution for absorbing CO: and
contributing to the reduction of greenhouse gas emissions. From that orientation,
this project is developed to support the monitoring and management of algae
cultivation in a more efficient, automated, and optimized manner.

The system is designed to integrate environmental sensors such as Total Dissolved
Solids (TDS) sensor, temperature sensor, pH sensor, and Dissolved Oxygen (DO)
sensor to collect key parameters directly affecting algae growth. Data from these
sensors is gathered and transmitted to a central microcontroller (using ESP32 and
Raspberry P1), then stored in a database for analysis and control purposes.

Notably, the system also applies intelligent image processing technology using
cameras and deep learning models to detect and analyze algae density in real-time.
This enables the system to identify abnormal signs, helping operators make timely
and accurate decisions.

The results of this project are expected to contribute to the modernization of algae
farming in a smart and sustainable direction, while also supporting the green
economic development strategy by reducing carbon emissions through the Blue

Carbon solution.
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PO AN TONG HQP
Trang 1

CHUONG 1. TONG QUAN VE PE TAI

1.1 Gi6i thiéu vé dé tai

Trong bdi canh bién ddi khi hau va 6 nhiém méi trudng dang 13 nhimg thach thirc
toan cau, cac giai phap sinh hoc than thién voi méi trudng ngdy cang duoc chi
trong. Trong do, tao dugc xem 12 mot sinh vat c6 tiém ning 16n nho kha ning hap
thu CO: nhanh, hiéu qua va kha niang thich nghi tt v6i nhiéu diéu kién song. Nudi
trong tao khong chi gop phan lam sach méi trudng ma con mang lai gia tri kinh té
cao thong qua cac san pham nhu nhién liéu sinh hoc, thuc pham chuc ning, dugc
pham va nguyén liéu cong nghiép.

Tuy nhién, dé dat hiéu qua cao trong qué trinh nudi trong tdo, can co su giam sat
chat ché& va diéu chinh linh hoat cac diéu kién moi truong nhu nhiét do, do pH, néng
do oxy hoa tan, ham lugng chit rin trong nudc,... Viéc &p dung cong nghé Internet
van vat (IoT) vao trong nong nghiép — cu thé 1a nudi trong tao — 1a xu hudng tat yéu
nhim nang cao tinh ty dong héa, giam chi phi lao dong va ting hiéu qua san xuét.
Tir thyc tién d6, dé tai “Thiét ké hé thong IoT thong minh cho nudi trong tao — Giai
phap Blue Carbon” dugc thuc hién véi muyc ti€u xay dung mot hé¢ théng giam sat va
quan 1y ao nudi tao theo thoi gian thyc. Hé thong duoc tich hop cac cam bién nhu
cam bién do tong chat rin hoa tan (TDS), cam bién nhiét o, cam bién pH va cam
bién oxy hoa tan (DO), giup thu thip cc thong sé méi trudng quan trong. Cac dit
liéu nay s& duoc vi diéu khién ESP32 va Raspberry Pi xtr 1y, luu trir vao co s dix
liu dé phan tich va dwa ra canh bao hodc tu dong diéu chinh khi can thiét.

Ngoai ra, diém ndi bat ctia hé thong 1a kha nang img dung camera va mo hinh hoc
sau (Deep Learning) dé xtr Iy hinh 4nh bé mit nudc nudi, tir d6 phan tich mat do tao
mot cach thong minh. Tinh ning nay gitip phat hién sém céac hién twong bt thuong
nhu tio phat trién qua murc hodc suy giam mat do sinh khoi, gitip ngudi van hanh

kip thoi dua ra cac bién phap xu ly hiéu qua.



PO AN TONG HQP
Trang 2

Pé tai khong chi mang lai ¥ nghia vé mit k¥ thuat va cong nghé, ma con thé hién rd
dinh hudng phat trién bén virng, xanh hoa san xuit va dong gop vao chién lugc
giam phat thai khi nha kinh. Giai phap Blue Carbon ma dé tai hudng dén 1a mot
phan cta xu hudng kinh té xanh, sir dung sinh khéi thyc vat dudi nude dé hap thu

va luu trir carbon, tao ra gia tri moi truong va kinh té déng thoi.
1.2 Muc dich nghién ctou

Muc tiéu chinh ctia dé tai 1a xay dung mot hé théng giam sat va quan 1y thong minh
ap dung cong nghé IoT va tri tué nhan tao (AI) vao qua trinh nudi trong tio nham
nang cao hiéu qua san xuét, dong thoi hudng dén muc tiéu phat trién bén viing va
bao vé moi trudng.

Hién nay, nudi trong tao khong chi mang lai gié tri kinh té trong cac linh vuc nhu
thuc phém chtrc nang, dugc phém, nhién li¢u sinh hoc,... ma con dugc xem la giai
phap hap thu carbon hiéu qua — mdt phan ctia mo hinh Blue Carbon, ttc 13 sir dung
sinh khéi thily sinh dé luu trir va giam phat thai khi nha kinh CO.. Tuy nhién, viéc
nudi tao theo phuong phap truyén thong van gip nhiéu han ché nhu phu thudc vao
kinh nghiém con ngudi, thiéu kha ning giam sat lién tuc va kho phat hién kip thoi
cac yéu tb bat thuong trong méi trudng nudc.

Ttr thyc té, dé tai dat ra cac muc dich nghién ctru cu thé nhu sau:

e Thiét ké va trién khai mot hé thong IoT tich hop cam bién mai trudng (bao
gém cam bién nhiét do, pH, DO — oxy hoa tan, va TDS — téng chét rin hoa
tan) nham thu thap dir liéu thoi gian thuc tir mdi trudng nudi trong tao. Hé
thong gitip giam sat lién tuc cac thong sb anh hudng truc tiép dén su phat
trién cla tao.

« Xay dung co s& dir liéu va nén tang luu trir cho phép nguoi ding theo ddi,
truy xuat va phan tich dit liéu tir xa thong qua vi diéu khién (ESP32 hoic

Raspberry Pi) két nbi voi mang Wi-Fi hodc Internet.
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« Ung dung xtr Iy anh va mé hinh hoc sau (Deep Learning) nham phan tich
hinh anh bé mit bé tao tir camera, phuc vu muc ti€u danh gia mat dg tao theo
thot gian thyc. Muc ti€u 1a co thé phat hién sém cac hién tugng nhu tao phat
trién qua murc (bloom), suy giam mét do sinh khéi, hodc su thay doi mau sic
bat thudng — tir d6 gitip nguoi van hanh ¢ thé xu 1y kip thoi.

e Téi uu hoa diéu kién nudi tio va ting kha ning ty dong hoa trong san xuét
bang cach két hop giita cam bién va Al dé ra quyét dinh hodc canh bao tu
dong, tir 46 giam thiéu chi phi van hanh va nang cao hiéu qua san xuat.

« Gop phan vao xu hudng san xuat xanh va phat trién bén viing, hd trg muc
tiéu giam phat thai khi nha kinh thong qua giai phap Blue Carbon — str dung
sinh khéi tao dé héip thu CO2 mdt cach tu nhién va hiéu qua.

Dé tai hudng dén viéc phat trién mot mo hinh tmg dung thyc tién cao, c6 kha ning
mo rong va trién khai trong cac hé théng nudi trong tao quy mé vira va nho, gitp
hién dai hoa san xuat nong nghiép — thily san theo hudng thong minh, bén viing va

than thién v41 moi truong.
1.3 Poi twong nghién ciru

e Moi trwdong nuéc nudi tio: Cac yéu to can giam sat bao gom nhiét do, pH,
noéng do oxy hoa tan (DO), chat ran hoa tan (TDS), va cuong do anh sang.
Moi trudong nude can dam bao do kiém nhe (pH tir 8.5-9.5), nhiét do 6n dinh
tur 30-35°C, oxy hoa tan > 5 mg/L, TDS trong khoang 1000-3000 ppm va du
anh sang (2000-5000 lux) dé dam bao hiéu suat quang hop cho tao. Nhirng
diéu kién nay anh huong truc tiép dén téc do sinh truong va mat do sinh khéi

cua vi tao.

e Vi tio nghién ctru — Spirulina: Tao xoan xanh lam (Spirulina platensis)
dugce chon 1a ddi tuong chinh nho téc do phat trién nhanh, d& nudi, giau

protein (55-70%), va c6 kha ning hap thu CO: cao (~1.8-2.0 kg CO-/kg sinh
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khéi). Ngoai ra, Spirulina con phi hop véi méi truong nude cé tinh kiém va
thich hop cho nuéi trong & bé hd. Cac loai tao khac nhu Chlorella hay
Scenedesmus ciing c6 tiém nang trong cac tng dung Blue Carbon nhung

khoéng phai trong tim cua dé tai ndy.

Hinh 1-1 Vién tdo sau khi thu hoach

e H¢ thdng giam sat mdi trwong: Bao gém cac cam bién do nhiét do , pH,
DO, va TDS; két ndi v6i vi diéu khién ESP32 dé thu thap dir liéu thoi gian
thuc. Dt liéu duoc xur ly, luu trir va hién thi qua Raspberry Pi vdi dashboard
giam sat tryc tuyén. Hé théng cho phép ngudi dung giam sat tir xa va phat

hién sém sy thay doi bat thuong trong méi trudng nudc.

NHA TRAM

Camera DONRE Thiét bj sy

7| [Datalogger ’ miu ty
aong

Hinh 1-2 Hé théng giam sat
e Ung dung tri tué nhén tao (AI): Camera gin trong hé thong (ESP32-CAM

hoac webcam) chup anh bé mit nude nudi. Anh duogc xi ly b'flng cac thuat
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toan hoc sau (CNN, YOLO, hodac OpenCV) dé phan tich mat d¢ tdo, phat
hién cac hién tugng nhu tao né hoa, suy giam sinh khéi hay néi vang. Al hd

trg canh bao sém va ra quyét dinh kip thoi.

Hinh 1-3 M6 hinh hoc may

e Thiét bi va cong nghé hd tro: Sir dung ESP32, Raspberry Pi 4, module Wi-
Fi, mach ngudn, LED chiéu sang bd sung, hé thong truyén dir lieu MQTT
hodc HTTP, va co s& dit lidu (Firebase/MySQL). Hé thong dugc thiét ké tbi
uu cho hoat dong lién tuc, tiéu thy dién nang thép va kha nang mé rdng linh

hoat.

e Ciac yéu to kinh té va méi truomg: Hé thong gitip giam chi phi van hanh,
tiét kiém nhéan cong, tang hi€u qua san xuét sinh khdi. Bén canh d6, viéc nudi
tao c6 kha niang hip thu CO: va tao ra sinh khdi hitu ich gop phan giam phat
thai khi nha kinh, thiic ¢ddy mé hinh Blue Carbon va kinh té tuan hoan huéng

dén phat trién bén virng.
1.4 Pham vi nghién ctru

e Pham vi khong gian:
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Pé tai dugc thyuc hién trong quy mé phong thi nghiém hodc mé hinh bé nudi nho tai
khu vuc gidi han (duéi 10 m?), st dung bé nhwra hodc khung kinh c6 thé tich tir 50—
200 lit nwdc dé nudi trong tao Spirulina. Viéc trién khai thir nghiém va kiém tra hé
théng duoc tién hanh trong diéu kién ban ngoai troi hodc ¢ chiéu sang nhan tao dé
ddm bao tinh kiém soat.

Pham vi ky thuat:

Hé thong duoc thiét ké theo md hinh IoT co ban, sir dung cic cam bién méi truong
(nhiét do, pH, DO, TDS), vi diéu khién ESP32, mdy tinh nhiing Raspberry Pi, va
camera giam sat. Phan mém quan 1y st dung giao thic Wi-Fi, MQTT, va nén tang
luu trir nhu Firebase hodac MySQL. M6 hinh Al xtr 1y anh chi 4p dung cho viéc phan
tich mat do tdo qua anh tinh hoac anh chup dinh ky, chua xtr Iy video lién tuc theo
thot gian thue.

Pham vi nghién ciru chuyén mon:

Nghién ctru tap trung vao giam sat va danh gia diéu kién méi truong anh huong dén
su phét trién cta tao Spirulina, két hop xtr 1y tin hiéu cam bién, phan tich hinh anh
bﬁng Al, va xay dung dashboard hién thi dit liéu. Cac noi dung sinh hoc nhu giéng
tao, quy trinh nudi trdng, hay phan tich hoa sinh hoc sinh khéi khong phai 13 trong
tam, ma chi duoc str dung & murc tham khao hd tro cho thiét ké hé théng.

Pham vi irng dung:

Hé théng dugc xay dung thir nghiém véi quy mé nho, phuc vu cho muc tiéu mo
phong va ching minh nguyén 1y, chua hudng dén ung dung dai tra hodc trién khai
thuong mai hoa. Tuy nhién, mo6 hinh cé thé dugc phat trién mo rong cho céc hé
thong nudi tao cong nghiép, dac biét trong cac trai nudi tao quy md vira — nho ng
dung vao xir Iy méi trudng, hap thu CO., san xuit sinh khdi xanh, hodc phuc vu nén

kinh té tudn hoan — xanh — carbon thap.
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Du kién két qua.

Dé tai du kién xay dung thanh cong mot hé thong giam sat thong minh danh cho
nudi trong tao Spirulina, tng dung cong nghé IoT két hop véi xir 1y anh bang tri tué
nhan tao. Hé thong c6 kha ning thu thap, truyén va luu trir dit liéu moi trudng nudce
theo thoi gian thuc tir cac cam bién do nhiét do, pH, DO va TDS. Déng thot, hé
théng s dung camera va m6 hinh Al dé phan tich mat do tao, ho trg canh bao sém
khi c6 hién twong bat thudng trong qua trinh nudi tréng.

Két qua mong doi 1a tao ra mot md hinh hoat dong 6n dinh, chi phi thép, dé mo
rong, c6 thé ung dung trong quy moé nhé hoic tién san xuit. Ngoai ra, hé thong s&
cung cap dir liéu dau vao c6 gia tri cho viéc danh gia hiéu qua hap thu CO: cua tio,
tir 46 gop phan dinh lwong tiém nang Blue Carbon trong cac mo hinh néng nghiép —
sinh hoc bén viing.

Thong qua do6, dé tai khong chi dong vai tro hd tro k¥ thuat trong qué trinh nudi tao
ma con gop phan thuc ddy xu huéng phat trién nong nghiép théng minh, phuc vu

chién lugc giam phat thai carbon va phat trién kinh té xanh trong tuwong lai.
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CHUONG 2. CAC NGHIEN CUU LIEN QUAN VA CO SO LY
THUYET

2.1 Cac nghién ciru lién quan

Trong thoi gian gan day, cac nghién ctru tng dung cong nghé Internet van vat (IoT)
va tri tu¢ nhan tao trong linh vuc nudi tréng thuy sinh, dic biét 1a vi tdo, da thu hut
dugc nhiéu su quan tim. Mot trong nhiing nghién ctru dang chu y 13 cua S. Vasisht
va cong su (2019) v6i dé tai “loT-Based Monitoring System for Algae Cultivation”.
Nhom tac gia da thiét ké mot hé théng st dung Arduino dé do pH va nhiét do,
truyén dit liéu qua Wi-Fi va hién thi trén giao dién don gian. Tuy nhién, nghién ctru
nay moi chi tip trung vao phan cam bién co ban, chua c6 kha ning xu 1y anh, luu
trt dit li€u 1au dai hay tich hgp phan tich thong minh.

Tai Viét Nam, Nguyén Vian Loi va cong su (2020) di thyuc hién dé tai “Thiét ké heé
théng theo doi pH va nhiét do trong nudi tdo Spirulina” tai Truong Pai hoc Bach
Khoa TP.HCM. Hé thdng c6 kha ning theo ddi thong sé méi trudng thoi gian thuc
va hién thi trén website noi bd. Mic du cé tinh thuc tién cao, nhung hé théng van
con thu cong trong didu khién, thiéu kha ning xir Iy anh hoic dua ra canh bao som
dua trén dir liéu.

O hudng nghién ctru xtr 1y anh, Y. Kose va cong su (2021) di trién khai dé tai “Al-
Powered Algae Detection Using Convolutional Neural Network”, st dung mo hinh
hoc sau (CNN) dé phan loai cac loai tao dua trén anh hién vi. Pay 1a nghién ctru c6
gi4 tri vé mat phan tich hinh anh vi sinh hoc, song chua gin két v6i hé théng giam
sat moi truong thuc té hay diéu khién nudi tréng. Hon nira, viéc sit dung anh hién vi
chua phu hop véi diéu kién ngoai troi hodc quy mo san xuat.

Ngoai ra, mot s6 doanh nghiép thuong mai nhu AlgaeConnect (Hoa Ky, 2022) di

phat trién cac hé théng theo ddi moi truong bé nudi tao thong qua cac cam bién IoT
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va nén tang diéu khién tir xa. Tuy nhién, cic hé théng nay thuong cé chi phi cao,
khong mi ngudn mo, thiéu tinh linh hoat trong viéc tiy chinh va mé rong, va chua
tich hop cong nghé xir 1y anh bang Al ngay tai thiét bi dau cudi.

Tir cac nghién ctru néu trén c6 thé thiy, phan 16n cac hé théng hién tai van dang
phat trién doc 1ap theo ting hudng — hodc 1a do ludng thong sé méi truong, hodc 1a
xtr Iy anh, hodc 14 diéu khién tir xa — ma chua c6 nhiéu mé hinh tich hop dong bo ca
ba yéu t6 quan trong: IoT — xr Iy anh AI — diéu khién thong minh. Ngoai ra, rét it
nghién ctru dé cip dén vai tro cua vi tao trong hip thu CO: va dinh luong hiéu qua
sinh khéi tao phuc vu dinh huéng Blue Carbon. Chinh vi vay, dé tai nay duoc thuc
hién nham xay dung mot hé thong thong minh, tich hop cac chirc ning giam sat moi
truong, phan tich mat do tao va canh bao bat thuong, huéng dén mot moé hinh nudi
tao hiéu qua — bén ving — hién dai, gop phan vao chién luoc phat trién kinh té xanh

va giam phat thai carbon.
2.2 Co sé Iy thuyét
2.2.1 Co s& ly thuyét vé hé théng quan tric

Hé thdng quan trac moi truong trong moé hinh nudi tao spirulina c6 vai tro thu thap
va giam sat lién tuc cac thong sd anh hudng truc tiép dén qua trinh phat trién cua
tao. Cac thong s6 quan trong bao gom:
e Do pH: Anh huéng dén kha ning hip thu dudng chét va toc do quang hop
clia tao. Spirulina phat trién t6t trong méi trudng c6 pH tir 8.0 dén 11.0
e Nhiét do: La yéu té quyét dinh dén kha ning sinh truéng va nang suat. Nhiét
do ly tudng trong khoang 27 - 30°C.
e TDS (Total Dissolved Solids): Phan anh nong d6 dudng chat hoa tan trong
moi truong nudi. Sau mdi dot thu hoach, chi sb nay thuong giam, can dugc

theo ddi dé diéu chinh luong dudng chét bo sung.
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e DO (Dissolved Oxygen): La chi s6 ddnh gid mirc d6 quang hop va sirc khoe
tong thé cua hé sinh thai vi tdo. DO giam manh c6 thé canh bao tinh trang

phan huy hiru co hodc suy giam tdo.

Dé do cac thong sb nay, hé thdng sir dung cac cam bién chuyén dung:
e DO-S20: cam bién tich hop do cing lic pH, DO va nhiét do, truyén dir liéu
qua giao thirc RS485, ¢6 v chdng dn mon phut hop cho mdi truong nude.
e Cam bién TDS (DFRobot Gravity): do ndng do chét ran hoa tan, truyén dit
liu qua UART.
Vi diéu khién ESP32 1a trung tam xu 1y dit liéu. N6 nhan tin hi€u tir cdc cam bién,
xtr 1y, hién thi qua giao dién, dong thoi guri 1én co sd dit liéu dé luu trir va phan tich.
a) . Cam bién DO S20 sensor
Trong hé théng giam sat mdi trudng nudc nudi tao, viée do luong ddng thoi cac chi
tiéu quan trong nhu oxy hoa tan (DO), do pH va nhiét do 1a thiét yéu dé dam bao
diéu kién sinh truong t6i uu cho vi tio. B¢ tai sir dung cam bién tich hgp DO-S20,
1a loai cam bién da chutc ning c6 kha ning do dong thoi ba théng sé: DO, pH va
nhiét d6 — gitip don gian hoa ciu triac phan cing, tiét kiém chi phi va dé dang bao tri

hé thong.
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Hinh 2-1 Cim bién DO-5020

Cam bién hoat dong dua trén nguyén 1y do quang hoc khéng dién cuc d6i vé6i chi
tiéu DO, st dung hién twong dap tit huynh quang dé xac dinh ndng do oxy hoa tan
trong nudc. Khi anh sang tir b phéat chiéu vao diém cam bién (c6 chua thude
nhudém huynh quang), oxy hoa tan trong mdi trudng s& anh hudng dén tudi tho va
cudng do phat quang cua tin hiéu tra vé. Thiét bi do dugc su thay d6i ndy va tinh
toan chinh xac néng d6 DO ma khéng can tiép xuc dién cyc, nho d6 tranh hién
tuong &n mon, bam ban, va khong can hiéu chuin thuong xuyén nhu cam bién dién
hoa.

Déi v6i phép do pH, cam bién sir dung cong nghé dién cuc ion chon loc dé xac dinh
d6 axit/bazo trong mdi truong nudc — yéu té anh hudng 16n dén hoat dong sinh hoc
clia tao va hiéu qua quang hop. Nhiét d6 ciing dugc tich hop dé bu nhiét cho hai
phép do con lai, dam bao do chinh xé4c cao trong moi diéu kién moi truong.

Cam bién DO-S20 hd tro giao tiép RS485 — Modbus RTU, phu hop véi cac hé
théng nhung nhu ESP32 hoac Raspberry Pi. Dir li€u tir cam bién duoc cap nhat theo
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thoi gian thuc va truyén vé trung tdm xu 1y dé hién thi trén giao dién giam sat
(InfluxDB hoic Node-RED). Vi d6 chinh x4c cao, d bén tot va kha nang tich hop
da chi tiéu, cam bién DO-S20 1a giai phap tdi wu trong cac md hinh nudi tao thong
minh, giip nang cao hiéu qua van hanh va kha nang canh bao sém.
b) Cam bién TDS

TDS (Total Dissolved Solids) 1a chi sd do tong luong cac chat rin hoa tan trong
nuodc, bao gém khoang chat, mudi, kim loai va cac hop chit hitu co — nhiing thanh
phan anh hudng truc tiép dén do tinh khiét va chét lwong moi trudng nudc trong bé
nudi tdo. Trong qua trinh nuoi trff)ng, su tich tu cia dudng chét, phan tr hitu co hoac
tap chét s& lam thay d6i ndong d6 TDS, gdy anh huong dén qua trinh hip thu chat

dinh dudng, quang hop va sinh truong cua tao.

TR LT3 8

Hinh 2-2 Cam bién TDS

Dé tai su dung cam bién TDS loai Gravity TDS Sensor ctia hang DFRobot, mot
thiét bi pho bién trong cac tmg dung IoT, thiy canh va hé thong ty dong héa moi
truong nudc. Cam bién nay hoat dong dua trén nguyén 1y do dién tro suat (electrical

conductivity — EC) cua nudc: khi cac chat ran hoa tan tang 1én, do dan di¢n cua
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nudc ciing ting theo. Tir gia tri do EC, hé thong vi diéu khién (ESP32) sé tinh toan
va suy ra ndng do TDS (theo ppm — parts per million).

Cam bién duoc thiét ké dang dau do dién cuc doi khong phan cuc, c6 kha nang do
trong dai 0—1000 ppm, dién &p hoat dong 3.3V-5V, tin hi¢u ngd ra dang analog.
Thiét bi tich hop sdn mach khuéch dai tin hiéu va bd loc nhiéu, gitp tang do chinh
xac khi do trong cac méi truong c6 do am cao hodc nhiéu nhiéu dién.

Trong hé théng dé tai, cam bién TDS dugc két nbi v6i vi diéu khién ESP32 thong
qua chan ADC (analog). Dit liéu do duoc xtr 1y tai vi diéu khién, truyén 1én hé
thong luu trit (InfluxDB), hién thi trén giao dién giam sat (Node-RED) va dung lam
co s¢ dé diéu chinh nong d6 dudng chét khi can thiét. Nhd d6, ngudi van hanh cé
thé danh gia va duy tri mirc TDS tdi vu cho sinh trudng cua tao, dong thoi phat hién

céc bat thuong nhu thira hodc thiéu chat dinh dudng trong bé nuoi.
2.2.2 Co s& Iy thuyét vé hé thong bo sung dudng chat

Trong h¢ théng nuoi tréng tao, dac bi¢t 1a Spirulina — mdt loai vi tdo giau protein va
c¢6 kha niang hap thy CO: cao, moi trudng nudc can dam bao di cac dudng chat thiét
yéu dé duy tri kha ning quang hop, sinh trudng va nhan sinh khéi. Viéc bd sung
dinh dudng dung cach 1a yéu tb then chdt dé dat ning suit cao va dam bao su on
dinh cta hé sinh thai nudi.

a) Thanh phan dudng chét thiét yéu cho tao
Céc nguyén t can thiét trong moi truong nudi tao dugc chia 1am ba nhém chinh:

e Nguyén té da luong (Macronutrients):

— Nito (N): Can thiét cho tong hop protein va chlorophyll.

— Photpho (P): Tham gia vao nang luong té bao (ATP), DNA, RNA.

— Kali (K): Diéu hoa 4p sudt tham thau, hoat héa enzyme.

e Nguyén to trung luong:

— Magie (Mg?"): Thanh phan cau tao ctia chlorophyll.

— Canxi (Ca?"): On dinh mang té bao, hd trg chuyén hoéa.
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Luu huynh (S): Ciu tric axit amin va protein.
Nguyén t6 vi luong (Micronutrients):
Bao gdém: Sit (Fe), K&m (Zn), Mangan (Mn), Pdng (Cu), Molypden (Mo)....

co vai tro xuc tac va chuyén hoa enzyme.

Céac dudng chit nay thuong duoc pha tron theo cong thire chudn va hoa tan trong

nuéc dé tao thanh dung dich bd sung dinh ky cho bé tao.

b) Nguyén ly hoat dong ciia hé thong bo sung

Heé thong sir dung cac cam bién dé theo ddi thong s moi trudong:

Cam bién pH va TDS dugc gan truc tiép vao bé nudi dé do nong d6 ion va do
kiém.

Khi cac chi sé giam xudng duéi ngudng cho phép (vi du: TDS thip hoidc pH
1éch), bo diéu khién ESP32 s& kich hoat bom dién tir mini dé bo sung dung
dich dinh dudng da duoc pha san.

Quy trinh nay c6 thé hoat dong ban ty dong hoac hoan toan ty dong nho thiét
lap diéu kién logic trén nén ting Node-RED.

¢) Vai trd va loi ich ciia hé thong b sung thong minh

Giup tao phat trién on dinh, han ché hién tugng chét do thiéu dinh dudng.
Téi wu chi phi van hanh bang cach dinh lugng hop 1y, tranh lang phi.
Tang kha ning quang hop — cai thién hiéu suat hap thu CO..

Han ché sai sot thu cong, nho giam sat va tu dong hoa qua cdm bién

2.2.3 Co s& Iy thuyét vé tri tué nhin tao va hoc may trong giam sat méi trudng

a) Khai quat vé tri tué nhan tao va hoc may

Tri tué nhan tao (Artificial Intelligence — AI) 1a linh vyc nghién ciru va phat trién

cac hé thong c6 kha nang thuc hién nhiing nhiém vu ma trudc day chi con nguoi

moéi 1am duoc nhu suy luan, hoc hoi, phan tich va ra quyét dinh. Mot nhanh quan

trong cta Al 1a hoc may (Machine Learning — ML), cho phép céc hé thdng hoc tir

dir liéu qué khir dé dua ra du dodn hodc phan loai dir li¢u mdi.
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Hoc may khong can dugc 1ap trinh chi tiét cho timg truong hop cu thé, ma thay vao

dé st dung moé hinh toan hoc dé hoc céc quy luat tiém an trong dir liéu. Qua trinh

hoc bao gdom:

b)

Huén luyén (training): mé hinh hoc tir dit liéu dau vao va dau ra twong tng.
Kiém thtr (validation): danh gia d6 chinh x4c ctia mo hinh.
Dy doan (inference): &p dung mo hinh cho dit li¢u mai.
Mot sb khai niém va cong thirc co ban
Ham mat mat (Loss Function): 13 tiéu chi dé do ludng sai so giita dau ra du
doan va gia tri thuc té. Muc tiéu ctia hoc may 1a t6i thiéu hoa ham mat mat.
Mot vi du phé bién 1a Mean Squared Error (MSE):
n

1 P

L=, 0D
[1

i=0

]

Trong do:

Y;: gia tri thuc té (nhan).

Y.: gia tri m6 hinh du doan.

n: s6 luong miu.

Ham ReLU (viét tit ciia Rectified Linear Unit) 1a mot ham phi tuyén don
gian va pho bién nhat hién nay trong cdc mo hinh hoc sau (Deep Learning),
dac bi¢t 1a mang no-ron tich chdp (CNN).

N6 dugc dinh nghia bdi cong thurc:

£(x) = {0, néux <0

x,néux =0 hay gon hon: f(x) = max(0,x)

[1]

=> ReLU hoat dong nhu mdt bd loc thong tin, gilp mang hoc dugc cac dac trung

quan trong bang cach boé qua (zero out) cac gia tri khong can thiét (4m), trong khi

gitr lai (linear) céc gia tri c6 y nghia.

Ham Softmax (phan loai da 16p): dung ¢ tAng dau ra dé dwa vé xac suét:
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ezk

Plyi =k) =vg—z;
i=1
[2]
Trong do:

— P(y; = K):1axac suat mau dit liéu i thudc 16p th k.

Zk: 1 dau ra ( score, logit) chua chuan héa ctia mo hinh tuong Gmg véi 16p

k.

K: 1a tong s6 16p can phan loai.

K ,e%/: 1a tong cla tat ca cac gia tri mil hoa dé chuan héa thanh xéc suat

(tong nay ludn > 1).

¢) Ung dung trong hé thong giam sat nudi tio
Trong d& tai ndy, hoc may duoc ing dung vao hai nhém nhiém vu chinh, két hop
v6i dir liéu thu thap tir camera va cam bién méi trudng:

e Phat hién 156i hé thdng (hong bom suc khi):
Trong hé thdng giam sat nudi tao, ESP32-S3-WROOM-1U déng vai tro 1a vi diéu
khién trung tdm. Thiét bi thu thap dit liéu tir cam bién TDS (analog) va DO-S20
(qua RS485 — UART), sau do xu 1y tin hiéu va so sdnh v&1 ngudng canh bao. Khi
can thiét, ESP32 diéu khién cac thiét bi chap hanh nhu relay bom suc khi hodc bom
dudng chat. Pong thoi, dir liéu duoc truyén vé Raspberry Pi 4 thong qua giao thirc
MQTT, gitp hé thong giam sat hoat dong tu dong va theo thoi gian thuc.

e Du doan stc khde cua tao:
Bén canh viéc phat hién bot khi, hé thong con phén tich hinh anh dé nhan dién su
thay d6i mau sic ctia nudc va mirc d trong sudt cia bé mit bé nudi. Cac yéu td nay
la chi bdo quan trong phan d&nh mat dg sinh khdi, tinh trang phat trién cta tao hodc
cac ddu hiéu suy yéu nhu thiéu dudng chat, mét can bang moi trudng. Dya trén két
qua phan tich, hé thong co thé dwa ra cic goi ¥ diéu chinh nhu: bd sung thém dudng

chit, thay doi cuong do chiéu sang, hodc tang thoi lugng suc khi nham 6n dinh diéu
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kién nuoi va to1 uu hoa toc do sinh trurdng cua tdo. Viée két hop dit li¢u cdm bién va

anh tryc quan gitp nang cao tinh chinh x4c trong danh gia va ra quyét dinh tu dong.
2.3 CAC THIET BI CHiNH TRONG MACH PIEU KHIEN
2.3.1 ESP32-S3-WROOM-1U

ESP32-S3-WROOM-1U 14 mét module vi diéu khién tich hop hiéu ning cao cia
hang Espressif Systems, dugc xay dung dua trén SoC ESP32-S3. Module nay ho tro
day du két nbi khong day Wi-Fi 802.11 b/g/n va Bluetooth 5 (LE), tich hop sin cac
chtrc ning ting toc Al thong qua vector instructions, va dic biét 1a c6 thiét ké khong
tich hop ang-ten PCB, thay vao d6 sir dung dng-ten ngoai qua dau ndi u.FL — phu
hop v&1 moi truong cong nghiép co yéu cau tin hiéu 6n dinh hodc dat thiét bi trong

vo kim loai.

.

REHRLE
MCN16R8

Hinh 2-3 Vi diéu khién ESP32

Thong s k¥ thuat noi bat:

e CPU: Dual-core Xtensa® LX7, 240 MHz
e RAM: 512 KB SRAM va PSRAM 8§ MB
e Flash: 8 MB - SPI flash
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e Ngudn hoat dong: 3.0 V-5V

e Wi-Fi: IEEE 802.11 b/g/n (2.4 GHz)

e Bluetooth® 5.0 LE véi ché d6 long-range va Mesh

e 1/O: Hon 40 chan GPIO, hd tro UART, SPI, 12C, ADC (12-bit), DAC (8-bit),

PWM

e HO tro Al acceleration, phu hop trién khai TensorFlow Lite micro

e Giao tiép USB OTG (USB 1.1)
Moi truong lap trinh:

e ESP-IDF (Espressif loT Development Framework

e Arduino IDE, PlatformIO

e MicroPython
Trong hé thong giam sat nudi tao, ESP32-S3-WROOM-1U déng vai tro 1a vi diéu
khién trung tAm. Thiét bi thu thap dit liéu tir cam bién TDS (analog) va DO-S20
(qua RS485 — UART), sau d6 xu ly tin hiéu va so sanh v&i ngudng canh bao. Khi
can thiét, ESP32 diéu khién céc thiét bi chép hanh nhu relay bom suc khi hoac bom
dudng chat. Dong thoi, dit liéu duoc truyén vé Raspberry Pi 4 thong qua giao thic
MQTT, gitip hé théng giam sat hoat dong ty dong va theo thoi gian thuc.

2.3.2 Raspberry Pi 4

Raspberry Pi 4 1a mot dong may tinh nhung don bo mach (Single Board Computer —
SBC) duoc phat trién boi to chirc Raspberry Pi Foundation, véi myc tiéu ban dau 13
hd tro gido duc va phd cép tin hoc. Tuy nhién, nhd hiéu ning cao, chi phi thap va
kha nang 1ap trinh linh hoat, Raspberry Pi 4 hién da tré thanh mot nén tang pho bién
trong nhiéu tmg dung k¥ thuit s6, dic biét 1a trong cac hé thdng nhing va Internet

of Things (IoT).

V& phan cimg, Raspberry Pi 4 duoc trang bi bd vi xir Iy Broadcom BCM2711, tich
hop 4 nhan ARM Cortex-A72 (64-bit) voi tbe d6 xung nhip 1.5 GHz, cho phép xur
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1y da nhiém hiéu qua. Thiét bi c6 cac tiiy chon b nhé RAM gdém 2 GB, 4 GB hoic
8 GB LPDDR4, hd trg luu trit qua thé microSD hoidc 6 clng ngoai qua cong USB
3.0. Céc cong giao tiép chinh bao gdm Ethernet Gigabit, Wi-Fi 802.11ac, Bluetooth
5.0, cung hé théng 40 chan GPIO cho phép md rong két ndi v6i nhiéu thiét bi ngoai

V1.

Vé phan mém, Raspberry Pi 4 str dung hé diéu hanh ma nguon md Raspberry Pi OS
(dya trén Debian Linux), ho trg déy du cac ngon ngtlr 1ap trinh nhu Python, C/C++,
Node.js,... Pong thoi, nén tang nay con cho phép trién khai cac dich vu may chu
nhu Mosquitto (MQTT broker), InfluxDB (co s& dit 1i¢u thoi gian thyc), va Node-
RED (giao dién diéu khién truc quan) — nhiing cong cu pho bién trong hé sinh thai

IoT hién nay.

\: Rospberry Pi 4 Model B
Al @ Raspberry Pi 2018

na M 1904

CNUS

TRJGO926HENL |

: 3 Chi

M
-

Hinh 2-4 May tinh nhing Raspberry Pi 4

Trong hé théng giam sat nudi tao, Raspberry Pi 4 dong vai trd nhu mot may chu
trung tam (local server), thuc hién cac churc nang chinh nhu:
e Tiép nhan dir liéu tir vi diéu khién ESP32 thong qua giao thitc MQTT, véi

vai tro la subscriber hoac broker.
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e Luu trit dit liéu do dac tir cac cam bién (pH, nhiét do, DO, TDS) vao co s&
dir liéu InfluxDB, giup dam bao tinh toan ven va kha ning truy xut thoi gian
thue.

e Hién thi dit liéu qua giao dién Node-RED Dashboard, cho phép ngudi ding
theo ddi truc tuyén cac chi sé moi truong.

¢ Ghi nhan hinh anh tir camera USB dinh ky, phuc vu xtr Iy anh va phan tich
strc khoe tao bang thi gidc may tinh.

e HOJ tro huan luyén va trién khai cic mo hinh hoc may (Machine Learning),
phuc vu danh gid tinh trang h¢ théng hodc ty dong hoa ra quyét dinh diéu
khién.

Viéc tich hop Raspberry Pi 4 trong hé théng khong chi gitip don gian héa kién trac
phan ciing ma con ting tinh mé rong va kha ning tiy bién, dap tng tot yéu cau cia

mot hé théng IoT thong minh trong linh vic nudi trong thuy sinh.
2.3.3 IC ngudn LM2596

LM2596 13 mét vi mach chuyén d6i DC-DC dang buck (giam ap), thudéc nhém bo
on ap xung hiéu suat cao, dugc sir dung pho bién trong cic mach dién tir can ha ap
tir ngudn dau vao cao xudng murc dién ap thip hon, 6n dinh va c6 thé diéu chinh
duoc.

Vi mach nay c6 kha nang hoat dong voi dién ap dau vao tir 4V dén 40V DC, va
cung cip dién ap dau ra co thé diéu chinh trong khoang 1.25V dén 37V DC, véi
dong tai t6i da 1én dén 2A. Nho st dung k¥ thuat chuyén mach & tan sé 150 kHz,
LM2596 cho hiéu suit cao (thudng dat trén 80%), giam ton hao ning luong so véi

cac bd on ap tuyén tinh.

Thiét Ké Giao Dién Va Lap Trinh Hé Théng IoT Théong Minh Cho Nuéi Trong
Téao Giai Phap Blue Cacbon



PO AN TONG HQP
Trang 21

Hinh 2-5 IC 6n 4p LM2576

LM2596 thuong duoc tich hop san vao module c6 bién tré diéu chinh dau ra, tu loc
va diode Schottky, giup viéc tich hop vao hé thong trd nén don gian. Thiét bi nay
con dugc trang bi cac chirc nang bao vé nhu:

e Bdo v¢ qua dong

e Bdo v¢ qué nhiét

e Baové ngén mach dau ra
Trong hé thong giam sat nudi tao, LM2596 duoc sir dung dé ha ap tir ngudén 12V
DC xubng 5V DC nham cung cip dién 6n dinh cho cac thiét bi nhay cam nhu vi
diéu khién ESP32-S3, module relay, cam bién TDS va cac mach diéu khién logic.
Nho kha nang cép dong on dinh, IC nay dam bao hoat dong lién tuc va an toan cua

hé thong trong diéu kién moi truong khac nghiét.
2.3.4 RS485

RS485 (Recommended Standard 485) 1a mot chuan truyén thong nbi tiép cong
nghiép, duoc thiét ké dé truyén dir liéu mot cach hiéu qua va tin cdy trong moi
truong c6 nhidu dién tir cao. Chuan nay dugc st dung rong rii trong cac hé thong
diéu khién giam sat, tu dong hoa cong nghiép, va dic biét phd bién trong cac giao

thirc nhu Modbus RTU, Profibus, SCADA,...
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RS485 str dung phwong phép truyén tin hiéu vi sai (differential signaling) qua hai
day tin hiéu A va B. Thay vi truyén tin hiéu logic theo mirc dién 4p tuyét d6i nhu
chuan UART thong thudng, RS485 truyén tin hiéu dua trén hiéu dién thé giita hai
day, giup ting cudng kha ning chdéng nhidu va duy tri tinh toan ven dit liéu &
khoang cach xa.

e Thong sb k¥ thuat dic trung:

— Kiéu truyén thong: Half-duplex (hai chiéu nhung khong dong thoi), vi sai

— CAu hinh duong truyén: 2 day chinh (A va B), thém GND néu can dong bo

— Khoang cach truyén tbi da: 1én dén 1200 mét & toc do6 thap (~100 kbps)

— Tbc d6 truyén t6i da: 1én dén 10 Mbps (¢ khoang cach ngian < 15 m)

—  S6 thiét bi két ndi: téi da 32 thiét bi truyén/nhan trén mot duong bus (md

rong dén 128 hodc hon véi cac driver hién dai)

e Tin hi¢u logic:

— Logic“1”: V_A—-V_B>+200 mV

— Logic “0”: V_.A—-V_B<-200 mV

e Uu diém ciia RS485:

— Truyén dir liéu khoang cach xa ma khong suy hao

— Kha ning chdng nhiéu cao, thich hop trong maéi truong c6 EMI 16n

— HO tro truyén thong da diém (multi-drop), tiét kiém day dan

— Pon gian, d& trién khai voi chi phi thip
Trong dé tai, chudn RS485 dugc sir dung dé két ndi cam bién DO-S20 (tich hop do
DO, pH, nhiét do) véi vi didu khién ESP32-S3, thong qua module chuyén dbi
MAX485. Nho d6, dir liéu moi truong duge truyén di 6n dinh va chinh xac, dam

bao kha nang gidm sat lién tuc va tin cdy cho h¢ thong nuoi tao.
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2.4 Cac phan mém phuc vu thiét ké.
2.4.1 Phin mém Autodesk Fusion 360

Autodesk Fusion 360 13 phian mém thiét ké 3D theo md hinh tham sé va tich hop
toan dién cac cong cu tir thiét ké co khi, mé phong, gia cong CNC dén két xuit va
cong tac tryc tuyén. Fusion 360 dugc phat trién bai hang Autodesk, hoat dong da
nén tang trén ca Windows va macOS, v&i kha ning dong bo hoa dam may (cloud-
based), gitip nguoi dung dé dang truy cap, chia sé va 1am viéc nhom.

Nho giao dién hién dai, truc quan va tich hop nhiéu module thiét ké trong mot moi
truong duy nhat, Fusion 360 dang ngay cang dugc tng dung rong rai trong cac linh
vue nhu co khi chinh xé4c, san xuét thiét bi dién tir, ché tao mo hinh mau, thiét ké

cong nghiép va cac hé théng diéu khién tu dong.

AUTODESK®
FUSION 360

Hinh 2-6 Phin mén thiét ké Fusion 360

Céc tinh nang chinh cua Fusion 360:

e Thiét ké 3D (Solid Modeling, Surface Modeling): H3 trg' dung mé hinh chi
tiét tir ban sketch 2D thong qua cac 1énh nhu Extrude, Revolve, Loft, Sweep,
cung kha ning tao hinh ty do bang cac céng cu Form.

e Lip rap (Assembly): Tao to hop tir nhiéu chi tiét, kiém tra mbi lién két

(Joint), rang budc chuyén dong, su va cham va khép co khi gitra cac bd phan.
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e Tao ban vé k¥ thuat (Drawing): Xuét ban vé 2D tu dong tr mo6 hinh 3D, kem
day du kich thuée, dung sai, ghi cht, mit cit va ky hiéu ky thuat theo tiéu
chuan.

e Phan tich m6 phong (Simulation & FEA): M6 phong tng suit, bién dang, mo
men xoin, tai nhiét, dao dong, giup danh gia d6 bén ciu tric trude khi ché
tao thuc té.

e Gia cong CAM (Manufacture): Tich hop module CAM giup ldp trinh gia
cong CNC 2D/3D tryc tiép tir mo hinh 3D, bao gom tién, phay, khoan,...

e Thiét ké tham s6 (Parametric Design): Cho phép gan rang budc kich thuéc,
tao mdi lién hé gilra cac thanh phﬁn — tu dong cap nhat moé hinh khi thay doi
gia tri.

e Két xuat (Rendering) & tao file san xuét: HO tro xuat file STEP, STL, IGES,
DXFE, DWG... va két xuit hinh anh 3D chan thuc voi vat liéu va anh sang
thuc té.

Trong dé tai, Fusion 360 dugc st dung dé thiét ké moé hinh 3D cua khung vo may
quan tric va hop bao vé Raspberry Pi 4. Viéc mé hinh héa nay giup dam bao cac
linh kién dwoc lap dat chinh xac, gon gang va an toan trong qué trinh van hanh.
Thiét ké bao gdm cac chi tiét nhu khe thoat day, 16 bat vit, khe gié va nap thao lap
thuén tién. Sau khi hoan tt, ban v& duoc xuét ra dudi dang file DXF phuc vu cit

mica bang laser hodc STL dé in 3D.
2.4.2 Phian mém Altium Designer

Altium Designer 1a phan mém thiét ké mach dién tir tich hop (EDA — Electronic
Design Automation) do hing Altium Limited phat trién. Day 1a mot trong nhiing
cong cu v€ mach di¢én tir chuyén nghi¢p va manh mé nhét hién nay, dugc su dung

rong rai trong nghién ctru, phat trién san pham va san xuat cong nghiép.
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Altium Designer cho phép thiét ké toan bo quy trinh phat trién mach dién tir trén
mot nén tang duy nhat — tir v& so d6 nguyén 1y (schematic), thiét ké mach in PCB,
mo phong mach dién, dén xuit ban v& ché tao va kiém tra thiét ké (DRC).

Véi giao di¢n truc quan, thu vién linh kién phong phu va kha nang tich hop manh
mé véi cac cong cu md phong, Altium Designer hd tro tot cho ca sinh vién, k¥ su va
doanh nghi¢p trong viéc tao ra cic san phém dién tir chat lugng cao, tu thiét bj tiéu

dung dén cac hé thong diéu khién cong nghiép, IoT, va thiét bi y té.

ALTIUM
DESIGNER20

Hinh 2-7 Phan mén thiét ké mach Altium
Céc tinh nang chinh cia Altium Designer:

e V& so d6 nguyén Iy (Schematic): HS trg xay dung mach dién logic mot cach
trye quan, dé dang lién két cac linh kién.

e Thiét k& mach in PCB: Tao bd cuc mach in tir 1 16p dén nhiéu 16p, hd tro
dinh tuyén tu dong va thi cong.

e Kiém tra thiét ké ty dong (DRC/ERC): Phat hién 151 két ndi, 16i nguyén tic
thiét ké trude khi dua vao san xuat.

e Tao thu vién linh ki¢n: Cho phép tao, quan 1y va st dung cac linh kién di¢n
tr tily chinh theo nhu cau.

e Mo phong mach dién: HS tro mo phong mach sd va tuong ty dé kiém tra

hoat dong trudc khi san XUuét.
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Xuit file san xuét (Gerber, BOM,...): D& dang tao file Gerber, file khoan, va
danh sach linh kién (BOM) cho ché tao mach.
Tich hop 3D va kiém tra co khi: Hién th1 mo hinh 3D cua bo mach, kiém tra

kich thudc, tuong thich vé1 vo hodc khung co khi.

Altium Designer déng vai trd 1 phan mém chinh dé thiét ké mach dién tt, phuc vu

cho viéc thu thap dir liéu tir cam bién, xtr 1y tin hi€u, cap nguon va giao ti€p gilra

cac thiét bi trong hé théng nudi tao. Cac tmg dung cu thé bao gom:

Thiét ké mach diéu khién trung tim v6i ESP32-S3: Sir dung Altium dé vé so
d6 nguyén 1y (schematic) ciia mach diéu khién chinh dya trén vi diéu khién
ESP32-S3 WROOM-32. B6 tri bo mach in (PCB layout) véi cac chan 1/0 két
nbi dén cam bién, UART, camera va ngudn.

Thiét ké mach giao tiép cam bién cong nghiép: Thiét ké mach chuyén doi
RS485-TTL str dung IC MAX485, dung dé doc dit liéu tir cam bién DO-S20
(do DO, pH, nhiét do). Pam bao cac tin hiéu tir cam bién dugc dua vé ESP32
mot cach 6n dinh, chdng nhiéu.

Thiét ké mach két néi cam bién TDS: Thiét ké mach doc tin hi¢u tir cdm bién
TDS Gravity qua giao tiép analog hoic UART. Tich hop thém bo loc RC dé
loai bo nhiéu tin hiéu trudce khi dua vao vi diéu khién.

Thiét ké mach ngudn cho toan hé théng: Str dung IC LM2596 dé tao bo
nguén 6n dinh 3.3V va 5V, cép cho ESP32, cam bién va cac module truyén
thong. Thiét ké mach bao vé ngudn, chdng nguoc cuc, chéng qua dong.

Thiét ké giao tiép giira ESP32 va Raspberry Pi 4: V& so d6 két ndi giao tiép
UART giita ESP32 va Raspberry Pi 4 dé truyén tin hiéu trigger tir vi diéu

khién 1én may chu, phuc vu xtr Iy anh va luu trir dit liéu.

2.4.3 Phin mém Node-RED.

Node-RED la mot phan mém ma ngudn mé do IBM phét trién, dung dé xay dung

cac ung dung Internet of Things (IoT) thong qua phuong phép 1ap trinh truc quan
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dang ludng (Flow-based programming). Thay vi phai viét code phirc tap, nguoi
dung chi can kéo — tha cac khdi chirc ning (node) dé tao ra cac ludng xur 1y dit liéu
(flow), giup tiét kiém thoi gian va giam do phuc tap trong trién khai hé thng.

Node-RED duoc viét bang JavaScript (chay trén nén Node.js), twong thich tot véi
nhiéu nén tang nhu Windows, Linux, Raspberry Pi,... Dac biét, phén mém rét phu
hop véi cac hé thong 10T, noi can giao tiép véi thiét bi, cam bién, xtr Iy va truc quan

hoa dir lidu.

Node-RED

Hinh 2-8 Giao di¢n Node- RED
Cac tinh nang chinh cua Node-RED:
e Lap trinh kéo-tha d& sir dung: Cho phép thiét ké ludng xur 1y logic ma khong
can 1ap trinh chuyén sau. Cac node duoc két nbi v6i nhau thanh so d6 xu 1y
0 rang, truc quan.
e Giao tiép da dang voi thiét bi IoT: Node-RED hd trg nhiéu giao thirc nhu
MQTT, HTTP, Modbus, TCP/IP,..., giap d& dang giao tiép voi ESP32,

Raspberry Pi, va cac cam bién cong nghiép.
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Tich hop co s dir lidu: D& dang két ndi v6i InfluxDB, MySQL, Firebase,...
dé luu trit dit liéu theo thoi gian hodc truy xuét lich str.

Tao giao dién giam sat (Dashboard): Cung cép cac widget nhu biéu d6, dong
hd, thanh trang thai,... d& nguoi dung theo ddi truc tiép gia trj cam bién trén
trinh duyét web.

Tu dong héa va canh bao: Co thé thiét 1ap cac ludng xur Iy dé giri email canh
béo, bat tat thiét bi, hodc kich hoat cac hanh dong khi gia tri vuot ngudng.
Cong dong hd tro manh: Co6 sin hang nghin node md rong cho nhiéu muc

dich khac nhau: Al, diéu khién thiét bi, két ndi ddm may, giri tin nhan,...

Node-RED git vai trd trung tdm diéu phdi va hién thi dir liéu trong hé thong:

Két nbi v6i ESP32 qua giao thirc MQTT hodac UART, nhan dir li€u tur cac
cam bién nhu pH, nhiét d§, TDS, DO....

Luu trit dit liéu cam bién vao InfluxDB thong qua node ghi dit liéu.

Hién thi giao dién Dashboard cho nguoi ding trén trinh duyét web (PC hoic
dién thoai) — bao gém biéu dd, chi sb, trang thai,...

Tu dong gui canh bao qua email néu phat hién cac gia tri bat thuong (vi du
pH vuot ngudng hodc mat tin hiéu cam bién).

Xtr Iy anh gian tiép bang cach tiép nhan tin hiéu tir Raspberry Pi hoic trigger

mo hinh hoc may khi can.

2.4.4 Phan mém InfluxDB

InfluxDB 1a mdt phan mém co so dit lidu chuyén biét cho dir liéu dang chudi thoi

gian (time-series), duoc phat trién boi cong ty InfluxData. DAy 1a cong cu rat phd

bién trong cac hé thong IoT, giam sat cam bién, tw dong héa cong nghiép va phan

tich dir li¢u thoi gian thye.

Khac voi cac hé quan tri co s¢ dit lidu truyén thdng (nhu MySQL, PostgreSQL),

InfluxDB duogc t6i wu hoa dé luu trix, truy van va xur 1y dir liéu gin theo dau thoi
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gian —

vi du nhu: nhiét do, d6 4m, pH, TDS, néng do DO,... dugc ghi lai lién tuc tir

cac cam bién.

Hinh 2-9 Co sé dit liéu influxdb

Cac tinh nang chinh cua InfluxDB:

Luu trit di¥ liu theo thoi gian thuc: InfluxDB cho phép ghi nhan hang triéu
dir liéu cam bién theo ting thoi diém cu thé, dam bao d6 chinh xac cao va
tbc d ghi nhanh.

Truy van manh mé& véi ngon ngit InfluxQL: Cho phép ngudi dung loc, thong
ké, tinh toan trung binh, cuc tri, toc do thay doi,... tir dit liéu cam bién theo
timg mdc thoi gian.

Tich hop d& dang vé6i hé théng IoT: Hd tro giao tiép v6i cac nén tang nhu
Node-RED, MQTT, Telegraf, Python,... nén d& két ndi v6i cac thiét bi nhu
ESP32, Raspberry Pi.

Luu trt hiéu qua va nhe: Co thé chay truc tiép trén céac thiét bi nhé nhu
Raspberry Pi ma vin dam bao hiéu suat cao trong luu trit va truy xuét dir
liéu.

Ho tro truc quan hoa dir liéu: Két hop tdt voi Node-RED Dashboard hodc

phén mém d6 thj nhu Grafana dé tao ra cac biéu dd theo thoi gian thuc.
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Phan mém InfluxDB dong vai tro trung tam luu trir dit li¢u thu thdp dugc tor hé
théng cam bién va vi diéu khién. Cu thé:
e ESP32 giri dir li€u tr cac cam bién (nhiét do, pH, TDS, DO) qua giao thirc
MQTT vé Raspberry Pi, noi dang cai dit InfluxDB.
e Dir liéu duoc ghi lai theo tirng mdc thdi gian thue, giup theo dbi bién dong
moi truong nudi tio.
e Nguoi diung c6 thé truy van va hién thi biéu d6 thong qua Node-RED
Dashboard dé theo ddi qué trinh nudi tdo mot cach truc quan.
Ngoai ra, cac dit lidu lich sir dugc luu giit ¢6 thé duoc dung 1am dau vao dé huin

luyén mo6 hinh hoc may, phuc vu du doan strc khoe tdo hoac phat hién bat thuong.
2.5 Cac phwong thirc truyén dir liéu trong hé thong
2.5.1 Truyén théng MQTT

MQTT (Message Queuing Telemetry Transport) 1a mot giao thitrc truyén thong nhe,
hiéu qua va pho bién trong cac hé thong Internet of Things (IoT). MQTT duoc thiét
ké dé thu thap dit liéu tir nhiéu thiét bi va giri ching dén may chu giam sat mot cach
nhanh chéng, 6n dinh va tiéu tén it bang thong.
Giao thtrc nay hoat dong dua trén mo hinh “Publish — Subscribe” (cong bd — diang
ky) thong qua mot may chu trung gian goi la MQTT Broker. Trong do:

e Céc thiét bi nhu ESP32 sé& giri dir liéu cam bién (publish) theo timg “cha dé”

(topic).
e Cac thiét bj hodc phan mém nhu Node-RED hoic InfluxDB s& dang ky nhan

dit liéu tir cac chu dé d6 (subscribe).
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MQTT-Broker @

Hinh 2-10 M3 ta giao tiép giita MQTT — Broker

Dic diém ndi bat cia MQTT:

Bing thong thap: Tin nhan gon nhe, phit hop cho mang khong day hodc thiét
bi tai nguyén han ché.

D6 tin cdy cao: Hd trg xac nhan tin nhdn v&i nhiéu muc chat lugng dich vy
(QoS), dam bao khong mat dir licu.

Thoi gian thyc: Pap tng nhanh, do tré thap, phii hop cho cac tmg dung yéu
cau phan hdi nhanh.

Chi phi thap va dé trién khai: D& cai dat trén thiét bi nho nhu Raspberry Pi,
hd trg da nén tang.

Kha ning mé rong tét: D& dang thém thiét bi méi vao hé thdng chi bang cach

cAu hinh dung topic.

Ung dung MQTT trong d¢ tai:

Truyén dit liéu cam bién (nhiét do, pH, TDS, DO) tir ESP32 vé may chu
Raspberry Pi.
Giao tiép gitra ESP32 va Node-RED, gitip hién thi dit liéu real-time va luu

trir vao InfluxDB.
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e Giri tin hiéu xir Iy anh, hodc canh bao 156i khi hé thong phat hién su ¢ nhur
mat suc khi, sai 1éch thong 36, V.v.
Nho MQTT, h¢ théng dat duoc hiéu suit truyén thong cao, tiét kiém bang thong,

d6ng thoi dam bao dir liéu dugc truyén tai chinh xac va 6n dinh theo thoi gian thyc.
2.5.2 Giao tiép UART

UART (Universal Asynchronous Receiver — Transmitter) 1a mot chuan truyén thong
ndi tiép don gian, phd bién, cho phép hai thiét bi trao doi dir liéu theo kiéu ndi tiép
khong dong bo. UART hoat dong thong qua hai duong day chinh:

e TX (Transmit): Day truyén dit liéu.

e RX (Receive): Day nhan dir li¢u.
UART khong yéu cau dong ho xung (clock) chung giita hai thiét bi, do d6 dé trién
khai trong cac hé théng nhung nhu ESP32, Raspberry Pi,...

Device A Device B
TX X
RX [X (—><—) > RX
CTS D« >4 CTS
RTS >< RTS
GND [X —| r > GND

Hinh 2-11 Chuyén giao tiép UART
bac diém cua chuan UART:

e Truyén ndi tiép ting bit theo thoi gian, thuong & tée do tir 9600 dén 115200
bps.

e Chi dung 2 day chinh: TX va RX (ngoai ra c6 thé c6 GND).

e Khong dong bo, nén dé sir dung nhung yéu cau hai thiét bi cau hinh dung

baudrate (toc do truyén).
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e Chi giao tiép giita hai thiét bi (point-to-point) — khong hd trg da diém nhu
RS485.
Ung dung trong hé thong:
e ESP32 va Raspberry Pi dugc két ndi truc tiép qua chuan UART, dung dé
truyén céc tin hiéu diéu khién hodc khéi dong ludng xir 1y anh.
e La cau ndi trung gian cho dif liéu tir cam bién dén hé thong luu trit/phan tich.
e (6 thé dugc sir dung dé cAu hinh cam bién, gui 1énh tir nguoi dung t6i vi
diéu khién.
Uu diém:
e D@ str dung va pho bién trong hé thong nhung.
e Tiét kiém day va tai nguyén phan cimg.

e Hoat dong 6n dinh & khoang cach ngin (dudi 5 mét).
2.5.3 Truyén théng Modbus

Modbus 1a mét giao thirc truyén thong cong nghiép phd bién duoc thiét ké dé trao
d6i dir lidu giira cac thiét bi diéu khién va giam sat nhu PLC, cam bién, thiét bi do
ludng, va cac bo diéu khién nhung. Giao thirc ndy duoc phat trién 1an dau tién vao
nam 1979 boi hang Modicon (nay thudc Schneider Electric), va nhanh chong tro
thanh tiéu chuidn mo dugc ung dung rong rii trong linh vuc tr dong hoa va diéu
khién cong nghiép.

Modbus ndi bat nho cdu tric dir liéu don gian, d& cai dit va tich hop voi cac hé
théng vi diéu khién, hé théng nhung hoic SCADA. Giao thitrc ndy cho phép mét
thiét bi chii (master) giao tiép véi mot hodc nhiéu thiét bi té (slave) thong qua viéc

guri va nhan cac khung dir li€u (data frame).
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RS-485 MODBUS

RS232

ModBUS RTU
L-KEY Slave

ModBUS RTU
Master —

ModBUS RTU
Slave

Hinh 2-12 Chuén giao tiép RS-485 MODBUS
Modbus hd tro nhiéu chuan truyén dan, trong d6 hai dang chinh la:

e Modbus RTU (Remote Terminal Unit): hoat dong trén duong truyén ndi tiép
(serial) nhu RS485 hodac RS232, dit li€éu dugc ma hoéa nhi phan dé tang hi¢u
qua truyén tai.

e Modbus TCP: hoat dong trén nén tang mang Ethernet, cho phép truyén dir
liu théng qua giao thirc TCP/IP — phu hop véi cac hé thong giam sat hién
dai.

Trong hé théng nudi tao thong minh, Modbus RTU qua chuin RS485 thuong dugc
st dung dé giao tiép vdi cac cam bién cong nghiép nhu cam bién DO, pH, hoic cac
bo diéu khién roi nhd kha nang truyén dir liéu on dinh, khoang céach xa (Ién dén
hang traim mét) va kha nang két ndi nhiéu thiét bi trén ciing mot bus truyén.
Uu diém cia Modbus bao gom:

e D& tich hop véi cac nén tang vi didu khién (nhu ESP32, STM32,...)

e Tuong thich véi nhiéu loai thiét bi cong nghiép tiéu chuin
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e Cau trac khung dir liéu don gian, xtr Iy nhanh

e (6 thé truyén nhiéu loai dit liéu (s6 nguyén, sb thuc, bit trang thai,...)
Véi dic diém dé, Modbus 1a mot giao thire 1y twong dé két ndi cac cam bién va thiét
bi ngoai vi trong hé thong IoT gidm sat nudi tao, gitp dam bao ludng dit liéu 6n

dinh, chinh x4c va c6 thé m& rong linh hoat.
2.6 Cac thiét bi chap hanh trong hé thong
2.6.1 May bom dudng chit va van xa

May bom 365 DC 12V 1a mot loai bom ly tdm mini duge sir dung pho bién trong
cac ung dung bom nudc hodc chat 1ong & quy mo nho. Véi thiét ké nho gon, trong
lugng nhe, chi phi hop 1y va kha ning hoat dong on dinh & ngudén 12VDC, thiét bi
nay 1a lya chon phu hop cho céc hé thng dién tir diéu khién tu dong yéu cau dong

chdy on dinh va lién tuc.

A
Hinh 2-13 Bom chét dinh duéng 12v(DC)

Thong s6 k¥ thuat co ban ciia bom 365 12VDC:

e Dié¢n ap hoat dong: 12VDC

e Dong tiéu thu khong tai: ~0.23 A

e Luu lugng dong chay: 2 — 3 lit/phut

e Apsuat daura: 1 — 2.5 kg/cm?

e DO§sauhit: 1 —2.5 mét

e Dau vao/dau ra: duong kinh ngoai 8 mm
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e Tudi tho thiét ké: khoang 2 — 3 nidm (trong diéu kién lam viéc binh thudng)

e Trong luong: ~111 g

e Loai dong co: chdi than DC loai 365
Trong hé thong giam sat va quan 1y nudi tdo thong minh, may bom déng vai trd
trung tAm trong qua trinh bo sung dudng chat vao bé nudi. Khi nong d6 TDS trong
moi trudng thap hon ngudng cho phép (do thu hoach, bay hoi hodc hap thu dinh
dudng), vi diéu khién s& diéu khién bom hoat dong dé dua dung dich dinh dudng tir
binh chira vao hé théng nuéi. Két hop véi van dién tlr, qua trinh cap bd sung dién ra
tu dong, chinh xac va toi wu.
Viéc st dung bom 365 mang lai nhiéu wu diém dang ké cho hé théng: thiét bi c6
kha ning hoat dong 6n dinh véi dién ap thap, d& dang diéu khién bang relay thong
qua vi diéu khién ESP32, cho phép tich hop mach diéu khién don gian. Ngoai ra,
v6i luu lwong vira phai va ap suat du 16n, bom dap tGng tot yéu cau bom dudng chat
& cu ly gan ma khong gy x4o tron manh dong nude trong bé. Thiét b ciing ¢ san
trén thi truong, dé thay thé, stra chita va pht hop véi dinh huéng phat trién hé thong

tiét kiém va bén viing trong quy mé thi nghiém hogc thuong mai nho.
2.6.2 May Sii Oxy RESUN ACO 002 25W

Trong hé théng nudi tdo, oxy hoa tan (DO — Dissolved Oxygen) dong vai tro then
chét trong viéc duy tri hoat dong sdng va ting trudng cia té bao tdo. Pic biét ddi
v6i tao Spirulina — mot loai tao hiéu khi — viéc cung cap ddy dii oxy 1a diéu kién
tién quyét giup quéd trinh quang hop va sinh khéi dién ra 6n dinh. May suc khi
RESUN ACO 002 25W 1a thiét bi chdp hanh chinh gitip tao oxy hoa tan trong bé
nudi bang cach bom khi vao nudc thong qua cic dau sui, tao thanh cac bot khi min

khuéch tan nhanh.
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Hinh 2-14 Bom suc khi 220v(AC)

Vai tro chinh:

Tang ham lugng DO trong nudc, hd tro tio phat trién tot.

Tao dong luu chuyén nhe trong bé, gitp tao khong bi ling va phan bd déu
anh sang.

Hb trg qua trinh trao d6i khi CO2 — O: trong moi truong nudi.

Gop phan phat hién 16i hé thong khi xir Iy anh khong phét hién bot khi

Thong s k¥ thuat:

Loai thiét bi: RESUN ACO 002 25W

Cong suit dinh mirc: 25W

Luu lugng khi: 40 L/phut

bién ap hoat dong: 220-240V/50-60Hz

S6 dau khi: 6 dau khi

Ong khi: 3 mét ng din loai ®8mm

Co ché hoat dong: Piston rung dién tir (Electromagnetic Pump)
DPo 6n: < 40 dB

Thuong hiéu: Trung Quéc

May suc khi dugc lya chon trong hé théng c6 kha nang cung cép oxy on dinh va

hoat dong lién tuc 24/7, pht hop véi dic thu nudi tao yéu cau luu luong khi déu va

lau dai. Thiét bi co thiét ké vo cach nhiét, d6 bén cao, it bi noéng khi van hanh kéo
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dai. V61 cong suat thap nhung hi¢u suat cao, may gitp tiet kiém dién nang dang ke.
Ngoai ra, cau tao don gian, d€ lap dat va bao tri, cung vo1 kha ndng van hanh ém 4ai,

han ché rung dong, giup duy tri 6n dinh moi trudng nudi ma khong anh hudng dén

sinh trudng cua tdo.

2.6.3 DPén LED phd 4m hd tro hoat dong quang hop ban dém

Trong hé théng nudi tao, anh sang 1a yéu t6 thiét yéu dé dam bao qua trinh quang
hop dién ra hiéu qua. Vao ban dém hodc trong diéu kién thiéu anh sang tu nhién,

can st dung ngudn sang nhan tao dé hd tro qua trinh tong hop chat hitu co trong té

bao tao, tir 46 duy tri va thiic dy sinh truéng.

Hé thong st dung dén LED day 4nh sang am (Warm White — 3000K) nham mo
phong phd anh sang mat troi ¢ ving do, hd tro tét cho qua trinh quang hop. Loai
dén nay phu hop voi dic tinh cua loai tao Spirulina, vén nhay véi ving phd do va

vang — nhitng budc song c6 kha nang tham nhép sau vao moi trudong nude.

Thong s6 k¥ thuat cua thiét bi:

Model: LED Strip 2835 10W/m

Nguén vio: 24VDC

Cong suit tiéu thu: 10W/m

Chiéu dai: Sm/roll

Dong dién: 2.08A

Cuong dd sang: 600 lumen/m

Loai LED: SMD 2835 — chip Seoul

Nhiét 6 mau (CCT): 3000K — anh sang 4m (Warm White)
Chi s6 hoan mau (CRI): > 80

Kich thuéc day LED: Rong 12mm, day 4mm
Loi dong: Day 30z = 105 micron

Chéng nudc: IP65 — phi hop méi trudng am
Tiéu chuédn an toan: ROHS / EMC

Thiét Ké Giao Dién Va Lap Trinh Hé Théng IoT Théong Minh Cho Nuéi Trong

Téao Giai Phap Blue Cacbon



PO AN TONG HQP
Trang 39

CHUONG 3. THIET KE GIAO DIEN HE THONG GIAM SAT VA
PIEU KHIEN .

3.1 THIET KE PHAN MEM

3.1.1 Luu db giai thuat

KHO TAO HE
THONG

S S

KHO TAD
INFLUXDE, MOTT.
MNODERED, CARMERA,

L sal

LLFL LA LOH TROMNG
QLA TRINH KHOT

T
M TRA KET NOI
THOMNG

auNG

BAT BAU BOC DO
LIEU TRA VE T¥

<>

BUNG

LU TRO DO LIEW
CHUP ANH TP
CAMERA

HIF LY ARH MNHAN
DIEM LOI HE THOMG
KHOMNG OO BONG

. G CANH BAD
UGS QLA ShAAIL

AN DOF LIEL ©1E%
HIEN CQUA MOTT

Hinh 3-1 Luu d0 giai thuit h¢ théng
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Luu db trong Hinh 3.1.1 mé ta cach hé thong hoat dong theo timg budc va cho thiy
qua trinh duoc 1ap lai dé hé théng 6 thé chay lién tuc va 6n dinh. Quy trinh x1r 1y
dugc chia lam hai giai doan chinh: giai doan kh&i dong hé théng va giai doan hoat
dong binh thuong.

Trong giai doan dau, hé thong tién hanh khéi tao cic thanh phan nhu InfluxDB,
MQTT, Node-RED va camera. Néu c6 18i xay ra trong qua trinh khdi tao, hé thong
s& ghi lai 18i va quay tro lai bude khoi tao dé thuc hién lai tir dau. Sau khi khoi tao
xong, hé théng kiém tra cac két ndi. Néu cac két ndi ding va on dinh, hé théng s€
chuyén sang giai doan tiép theo.

Khi h¢ théng di sin sang, n6 sé bat dau doc dir liéu tir ESP32. Dit liéu sau khi doc
duoc kiém tra tinh hop 1€, néu dung s€ duoc luu lai vao co sé dir liéu. Déng thoi, hé
théng s& kich hoat camera dé chup anh tai thoi diém do, phuc vu cho viéc phan tich
anh.

Phén xir 1y anh gitip phét hién mot s6 161 nhu khong c6 bot khi trong méi truong can
giam sat. Néu phat hién 15i hé thdng, hé thdng s& guri canh bao qua Gmail dé nguoi
dung kip thoi xir 1y. Néu khong c6 15i, hé théng s& kiém tra xem c6 dit liéu diéu
khién nao gui tir nguoi dung hodc tir mot hé thdng khac qua MQTT hay khong. Néu
co, dir liéu diéu khién s& dugc giri xudng ESP32 dé thuc hién cac hanh dong nhu
bat/tat thiét bi.

Thiét ké theo kiéu chia nhanh va hoat dong theo vong lip nhu vay giup hé théng c6
thé hoat dong on dinh, tu dong, va c6 kha nang mo rong thém nhiéu chuc nang
thong minh trong tuong lai nhu canh bao sém, theo doi hanh vi nguoi dung, hoac

két n6i v6i hé thong giam sat trung tam.
3.1.2 Xay dung chwong trinh nhin dién hinh anh 15i hé thong.

Trong hé théng giam sat chét lugng nudce tu dong, chirc ndng nhan dién hinh anh
dong vai trd then chét nhdam dam bao kha niang phat hién kip thoi cac 16i van hanh,

dic biét 1a 16i khong cé bot khi, thudng lién quan dén su c¢d hé théng cép khi hoac
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may bom khi ngiing hoat dong. Bac biét, hé théng can phai nhan di¢n chinh xac
trong cac diéu kién moi trudng anh sang va goc nhin thay doi, day 1a cac yéu td c6

thé gay nhiéu qua trinh nhan dién hinh anh thong thuong.

Pé dap tng yéu cu nay, hé thong da Iya chon moé hinh YOLOvS lam thuat toan
chinh cho qué trinh nhan dién 16i thong qua anh chup tir camera giam sat. M6 hinh
YOLOV5 1a mot kién trac mang CNN hién dai dugc t6i uu cho viée phat hién ddi
tugng theo co ché mot bude (one-stage detection), cho phép xir 1y nhanh, hiéu qua
va phu hop voi bai toan thoi gian thuc trén cac thiét bi co tai nguyén han ché. Cu
thé, YOLOV5 sir dung backbone CSPDarknet két hop ky thuat Path Aggregation
Network (PANet), gitip giam thiéu dang ké s6 lugng tham sb va do phic tap tinh
toan nhung van duy tri kha ning trich xuit dic trung hiéu qua. Viéc nay giup hé
théng nhan dién nhanh chéng va chinh xac trang thai bot khi c¢6 hodc khong trong
moi truong nude, dam bao hiéu ning cao ngay trén cac thiét bi nhung nhu
Raspberry Pi.

Muc tiéu nhan dién anh trong hé thong dit ra 1a phat hién ddi twong thudc 16p chinh
1a "Bubble" (bot khi). Ngudng d6 chinh xac yéu ciu tir 50% tré 1én nham dam bao
kha nang van hanh tin cay trong thuc té, noi diéu kién anh sang va moi trudong nudc
c6 thé thay ddi lién tyc. Khi mé hinh phat hién khong c6 ddi twong bot khi hodc do
tin cay ctia ddi twong dudi ngudng dit ra, hé théng xac dinh xay ra 16i va ngay 1ap
tuc kich hoat gtri canh béo.

Qua trinh huin luyén mo6 hinh YOLOvVS dugc thuc hién trén nén tang Google Colab
vo1 bd thu vién ma nguén m¢ PyTorch, str dung tap dit li¢u hon 400 hinh anh dugc
thu thap tu thuc té moi truong bé nuée, cac anh duoge gan nhan theo hai 16p 10 rang
1a "Bubble" va "background". M6 hinh dugc huan luyén trong 150 epoch, sir dung
thuat toan toi wu héa SGD véi tée do hoc khoi tao 13 0.01, dir liéu duoc chia theo ty
18 80% cho huin luyén va 20% cho kiém thur. Két qua huin luyén dugc ghi nhan va

theo doi thong qua bd cong cu tich hop trong YOLOVS va TensorBoard, tir d6 xuét
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dd thi Learning Curve thé hién su hoi tu 1o rang cua mo hinh trong qua trinh huén

A
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Hinh 3-2 Két qua huén luyén ciia md hinh

Hinh 3.1 2 két qua huan luyén biéu dién cac dudng cong mét mat (loss) va do chinh
xéac (precision, recall) cho thiy gia tri mit mat giam 6n dinh dan theo sb luong
epoch, trong khi cac thong s6 danh gia khac tang 1én rd rét. Sau khoang hon 100
epoch, do chinh x4c va kha nang bao phu (recall) trén tap kiém thtr d3 6n dinh, dat
gia tri mAP@Q0.5 khoang 58%, dong thoi ham mét mat duy tri & muc thip on dinh,
cho thay mo hinh c6 kha niang hoc hiéu qua va khong xuat hién hién tuong qua
khdp (overfitting). DO thi Precision-Recall ciing thé hién rd kha ning can bang giita

do chinh xé4c va d¢ phu cua moé hinh, dap g tot yéu cau cua bai toan.
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Confusion Matrix
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Hinh 3-3 Ma tran nhim lin

Hinh 3.1-3 ma tran nham 13n (confusion matrix) dugc xdy dung nham danh gia cu
thé kha nang phan loai ciia mo hinh, cho thay ti 1& phan loai dung 16p "Bubble" 1a
khoang 56%, con lai 44% bi nhan dién nham sang background. Tuy nhién, kha nang
xac dinh dung background dat 100%, c6 nghia 1a khong xuat hién canh bao gia d6i

v6i anh nén khong chura bot khi.

Hinh 3-4 Két qua nhin di¢n ciia mé hinh trong thue té.
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Két qua nhan dién hinh anh 13i hé théng bang m6 hinh YOLOVS5 khi trién khai thyc
té dat do chinh xéac cao va 6n dinh, voi do tin cay 85% trén cac anh dau vao. Cac
khung gioi han vung bot khi cling dugc xac dinh chinh xéac va rd rang, thé hién kha
nang nhan dién tdt va 6n dinh cia mo hinh trong cac diéu kién quan sat thuc té.
Piéu nay khang dinh tinh hiéu qua va do tin cdy cao cia mé hinh YOLOv5 khi tng
dung trong h¢ théng giam sat chét lugng nudce, dac biét trén cac thiét bi nhung co6 tai

nguyén han ché nhu Raspberry Pi.

63 Dataset © Howwosearch

Hinh 3-5 Gén nhin cho di lidu.

3.1.3 Xay dung chwong trinh doc cam bién

Trong hé thong giam sat chat lugng nudc st dung ESP32, chirc ning thu thap va xir
1y dir liéu cam bién déng vai trd trung tim nham dam bao hé thdng co thé cung cap
thong tin chinh xac vé moi trudng nudc theo thoi gian thyc. Pac biét, hé théng can
thu thap dong thoi nhidu thong s nhu néng do oxy hoa tan (DO), nhiét d6, d6 pH

va téng chat ran hoa tan (TDS), sau d6 téng hop va giri 1én may cha diéu khién dé
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hién thi va giam sat. Viéc dam bao do chinh xac va do tin cay trong viéc doc cam
bién, cling nhu kha ning hoat dong 6n dinh trong thdi gian dai 1a cic yéu cau then
chét khi trién khai thue té ngoai hién truong.

Dé dap tng cac yéu cau trén, hé théng sir dung vi diéu khién ESP32 véi chuong
trinh dugc phat trién trén nén tang Arduino Framework, déng thot tan dung kha
nang xtr 1y song song ctia ESP32 bang cach trién khai nhiém vu doc cam bién dudi
dang tac vu doc lap (FreeRTOS task). Trong chuong trinh, cac giao thirc giao tiép
nhu UART, 12C duogc khai béo ro rang dé két ndi vai tung loai cam bién, bao gém,
2 Cam bién DO S-20 giao tiép qua UART (Serial2) sir dung giao thitc Modbus
RTU, Module ADC ADS1115 doc tin hiéu analog tir ddu do TDS théng qua giao
tiép 12C, Dit liéu do dugc dinh dang theo chuan JSON va gti qua UART (Seriall)
dén may tinh nhung Raspberry Pi.

Qua trinh doc cam bién duogc chia thanh hai bude chinh. Pau tién 1a giai doan khoi
dong va 6n dinh tin hiéu: hé thong cap ngudn cho cam bién thong qua chan GPIO16
va chd mot khoang thoi gian 30 gidy dé dam bao cam bién hoat dong on dinh. Sau
d6, chuong trinh giri mot chudi 1énh dinh dang sin (MSG _READ) theo chuan
Modbus RTU dén cam bién DO. Dit liéu phan hoi s& duoc phan tich dé trich xuat ba
thong s quan trong: nhiét d6, nong d6 DO va gia tri pH. Néu phan hoi hop 1& (kiém
tra byte dau va do dai g6bi tin), gia tri do dugc luu vao bién va duoc cap nhat cho
chu ky hién tai.

DPé dam bao hoat dong 6n dinh va tranh tinh trang treo h¢ théng, watchdog timer
dugc kich hoat voi1 thoi gian timeout 10 gidy, va dugc lam moi
(esp_task wdt reset) trong mdi vong lap tac vu cam bién ciing nhu trong vong lip
loop(). Viéc nay gitp bao vé hé théng khoi cac 16i phan mém kéo dai thoi gian phan
hoi.

Tan suit cap nhat dit liéu dugc cAu hinh 13 5 phut mdi 1an doc, ddm béao vira du dé
theo ddi su thay doi cia méi truong nude, dong thoi tiét kiém ning luong va giam

tan suat giao tiép khong can thiét. Toan bo chuong trinh dugc thiét ké t6i uu cho cac
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hé thong nhing véi tai nguyén han ché, nhung van dam bao du d6 chinh xac, do 6n

dinh va kha ning mo rong trong cac tmg dung thuc té.
3.1.4 Xay dung chwong trinh nhan dir li€u

Chuong trinh nhén dir liéu duoc phat trién bang ngdn ngir Python, thyc hién chirc
nang chinh 13 doc va xtr 1y cac dir liéu gui tir hé théng cam bién, dong thoi luu trix
dir li¢u do dac vao co s¢ dir li¢u InfluxDB va chup anh hién trudong béng camera dé
phuc vu phan tich va gidm sat hé thong.

Chuong trinh str dung thu vién pySerial dé giao tiép v6i cam bién qua cong Serial,
cu hinh & téc do baud rate 115200 trén céng /dev/ttyUSBO0. Dir liéu nhan dugc co
dinh dang JSON chtra cac thong s6 do dac quan trong nhu nhiét do, pH, néng do
oxy hoa tan va TDS. Khi nhan dit liéu, chuong trinh tién hanh phén tich va kiém tra
tinh hop 1€ cua goi tin JSON. Trong truong hop dir liéu JSON hop 1€, cac gia tri nay
s€ duoc ghi lai vao co s¢ dir liéu InfluxDB thong qua thu vién influxdb-client voi
cac thong tin cdu hinh nhu URL truy cap (http://localhost:8086), token xac thuc va
bucket luu trit (env_spirulina_data). Pé dam bao tinh on dinh va chinh x4c trong
viéc ghi dir liéu, chuong trinh bd sung thém budc xac minh bang cach truy van lai
dix liéu vira giri 1én, dam bao dit lidu thuc su da dugc ghi vao InfluxDB. Két qua cac
budc nay déu duoc ghi lai ddy du vao file nhat ky hé thong (startup.log) v6i dau
thot gian cu thé, hd tro viée theo doi, phan tich va khéc phuc su ¢ sau nay.

Ngoai viéc xt 1y va luu trir dir li¢u cam bién, chuong trinh con tich hop thém chuc
ning giam sat hinh anh. Camera dugc quan 1y béi thu vién OpenCV va duoc cau
hinh tu dong khoi dong khi chwong trinh bat dau. Mdi khi nhan duoc dir liéu cam
bién hop 1é, hé théng s& chup mdt birc anh hién trang tai thoi diém d6. Anh chyp
dugc luu trit dudi dang file anh jpg vao thu muc /home/huy/images, tén file duoc
tao ra ty dong theo thoi gian thuc (photo <timestamp>.jpg) gitip thudn ti€n cho viéc

quan 1y va truy xuét vé sau. Trong qua trinh van hanh, néu chuong trinh phat hién
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16i khi truy cép hodc doc dit liéu tir camera lién tiép qua 5 1an, hé thong sé& tu dong
giai phong va khai dong lai camera dé dam bao kha ning hoat dong 6n dinh lau dai.
Céu trac lap trinh theo dang vong 1ap v6 han gitip hé thong ludn trong trang thai san
sang nhan dit liéu lién tuc theo thoi gian thuc, dong thoi kém theo ddy du cac co ché
kiém tra, xtr 1y 18i dé dam bao hé théng c6 thé ty phuc hoi va duy tri hoat dong 6n
dinh ngay ca khi gip céc tinh hudng bét thuong. Viéc két hop giita xur 1y dir liéu
cam bién, luu trir va chup anh hién truong theo thoi gian thuc da tao nén mot nén
tang giam sat toan dién, hiéu qua, giup dam bao an toan va do tin cdy cao khi trién

khai thyc té.
3.1.5 Céu triic va phwong thirc giao tiép

Hé thong giam sat chat lugng nudc nudi tao dugc tich hop nhiéu thanh phan phan
cimg va phan mém, lién két chit ché nham dam bao kha ning theo ddi, phat hién va
canh bao kip thoi cac su ¢ trong qua trinh van hanh. Dé cac thanh phan nay phdi
hop nhip nhang va dat hiéu qua cao, viéc thiét ké kién tric giao tiép truyén dir liéu
gitra cac thiét bi phai dam bao tinh hop 1y, dong bo, dap tng dugc yéu cau vé do tré
thép va dg tin cdy cao.

Céu truc giao tiép trong hé thong bao gom: giao tiép giita ESP32 va cic cam bién
nhu cam bién DO S-20, cam bién pH va TDS thong qua cac giao thic UART va
12C; giao tiép gitta ESP32 va vi diéu khién xir 1y trung tdm (vi du nhu Raspberry Pi
hodc may chu ndi bo) thong qua giao thitc UART hodc MQTT tiy theo thiét ké hé
thdng; giao tiép gitta ESP32 va camera hodc module diéu khién relay, cac dau ra
diéu khién khac dugc 1ap trinh théng qua cac chan GPIO. Ngoai ra, dit liéu sau khi
xtt Iy ¢6 thé duoc truyén 1én may chi dé luu trit trong co s& dir liéu InfluxDB, dong

thoi hién thi trén nén tang Node-RED hoic dashboard web.
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3.2 XAY DUNG GIAO DIEN PIEU KHIEN VA LUU TRU
3.2.1 Thiét ké giao dién ngudi diung bing NodeRed

Trong hé thong giam sat chit lvong nude, Node-RED duoc st dung lam cong cu
xay dung giao dién ngudi dung truc quan, giup ngudi vin hanh c6 thé d& dang theo
ddi dir liéu cam bién, diéu khién thiét bi va nhan canh bao 15i theo thoi gian thuc.
Giao dién nay duoc trién khai trén tab “Home” trong Node-RED Dashboard, gdm

nhi€u thanh phan dugc bo tri logic, phuc vu ca muyc tiéu giam sat va diéu khién.

V& hién thi dit liéu, hé théng truy van dir liéu tir co s¢ dir liéu InfluxDB trong
khoang thoi gian 24 gio gan nhét. Dit liéu cac truong quan trong nhu oxy hoa tan |
pH, nhiét 46 va TDS dugc xir 1y bang chudi node function va biéu dién dudi dang
biéu d6 duong hodc dong hd do . Cu thé, mdi loai dir liéu duoc hién thi bang mot
gauge riéng biét v4i ngudng mau canh bao, gitip ngudi ding c6 thé danh gia nhanh

trang thai hé théng.

V& chtrc ning diéu khién, Node-RED cung cip cac nat nhan (UI button) twong tng
cho ting thiét bi nhu motor bom pH, motor suc khi 1 va 2, va dén chiéu sang. Cac
nat ON/OFF gui dit liéu MQTT tuong tng dén ESP32 thong qua cac topic nhu
STATUS MOTOR_PH,STATUS MOTOR_AIR 1,STATUS_AIR 2,STATUS LI
GH. Céc trang thai thiét bi sau khi dugc bat/tat s& duoc phan hoi lai qua MQTT va
thé hién tryc tiép bang dén LED trén Dashboard , sir dung mau do va xanh la dé
biéu thi trang thai tat va bat twong tng.

Ngoai ra, hé théng ciing tich hop biéu mau nhap liéu cho phép ngudi dung thiét 1ap
ngudng canh bao pH cao va thap. Céc gia tri thiét 1ap s& dugc luu trit trong bo nhd
ludng va hién thi tryc tiép trén giao dién. Khi phat hién gia tri pH vuot ngudng hodc
xay ra su cd trong hé théng nhu khong co bot khi, Node-RED s& tw dong giri canh

bao qua email dén nguoi quan trj dé kip thoi xir 1y.
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Toéng thé, ludng xtr 1y dit lidu trong hé thong duoc xdy dung theo hudng linh hoat
va d& mé rong, két ndi chit ché giira cac thanh phan truyén thong, luwu trit va hién
thi. Moi dit liéu do dugc, tin hiéu diéu khién va thong béo déu dugc xir 1y theo thoi
gian thuc, gitip hé théng phan tng nhanh trudc cic tinh hubng bit thuong. Giao
dién nguoi dung dong vai tro trung tim giam sat va diéu phdi, ddm bao qué trinh

van hanh dugc theo doi chat ché, minh bach va tin cay.
3.2.2 Thiét ké co sé dir liéu InFluxDB

Hé théng giam sat chat luong moi trudng sir dung InfluxDB lam nén tang luu trit dix
liéu cam bién theo thoi gian thyc. Vo1 dac tinh tdi wu cho dir liéu chudi thoi gian,
InfluxDB cho phép ghi nhan va truy van dit liéu lién tuc, ddp ung yéu cau vé toc do
va do tin cay trong cac ung dung IoT. Cau tric co so dir lidu duogc t6 chirc don gian,
tryc quan, giup viéc luu trir, truy xudt va hién thi dir liéu trd nén linh hoat va hiéu
qua.

Dit lidu dugc truyén tir ESP32 vé hé thong trung tam duéi dang cac goi JSON chira
thong tin do dac gdm gia tri pH, nong do oxy hoa tan, nhiét do va chi s TDS. Sau
do, dir liéu dugc ghi truc tiép vao InfluxDB thong qua API. M&i ban ghi dugc gin
dau thoi gian chinh xéac, dong thoi luu trir dudi dang cac truong so lidu trong bang
do co tén 1a “sensor_data”.

Qua trinh ghi dir liéu dugc xac minh lai thong qua truy van kiém tra méu trén co s&
dir liéu, giup dam bao tinh toan ven va do tin cay. Hé thong con tich hop co ché ghi
nhat ky (log) cac hoat dong luu trit va canh bao khi c6 16i phat sinh trong qua trinh
giao tiép vé6i InfluxDB.

Viéc st dung InfluxDB khong chi mang lai hiéu qua cao trong viéc xu 1y dir li¢u
cam bién ma con cho phép tich hgp mé rong véi cac cong cu giam sat nhu Node-
RED va cac nén tang hién thi nhu Grafana trong tuong lai. Day 1a mot nén tang
vitng chic dé xay dung hé théng giam sat théng minh, 6n dinh va c6 kha ning mé

rong cho nhiéu ing dung thyc tién khac.
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Hinh 3-7 Két ndi cac tinh niing hién thi va diéu khién
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Hinh 3-8 Dir liéu chét lrgng nwéc tir bé nudi
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Hinh 3-9 Gi4 tri doc dwgrc tir cam bién tir ESP32
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CHUONG 4. GIA CONG MO HINH VA TRIEN KHAI HE THONG
NUOI TAO

4.1 GIA CONG MO HINH
4.1.1 Dat gia cong PCB tai xuéong

Sau khi hoan thién thiét ké so do nguyén 1y va bd tri linh kién trén phidn mém
Altium Designer, nhom tién hanh xuét b file san xuit PCB bao gom: tép Gerber,
tép khoan (Drill), va so d6 dinh vi 16p (Layer Stackup). Cac tép dugc nén lai thanh
mot goi duy nhét dinh dang .zip dé giri dén nha san xuat.

Pé dam bao chat lugng gia cong va tdi wu chi phi, nhom Iya chon dich vu san Xuét
mach in tir nén tang truc tuyén JLCPCB. Pay 1a mot trong cac nha cung cip dich vu
gia cong PCB phé bién toan cau, hd trg dat hang truc tuyén, xem trudce t€p Gerber,
tiy chon thong sé ki thuat linh hoat va thoi gian san xuat ngan.

Quy trinh dat hang dugc thyc hién theo cac budc nhu sau:

a) Chuan bj file san xuat
Tir giao dién thiét ké ciia Altium Designer, nhom str dung chirc ning Fabrication
Outputs dé xuat file Gerber va file khoan. Cau hinh céc 16p bao gom:

e Top layer, Bottom layer

e Top/Bottom Soldermask

e Top/Bottom Silkscreen

e Mechanical Layer

e Drill drawing
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Sau khi kiém tra, toan bod tép tin dugc nén thanh mot t&p .zip theo ding dinh dang
yéu ciu cuia nha san xuat.
b) Tai tép va cau hinh don hang trén nén tang JLCPCB

Truy cép trang https://jlcpcb.com va chon tinh nang "Order Now". Sau do, t&p .zip

duoc tai 1én hé théng va hién thi ban xem trudc (Gerber Viewer) dé kiém tra truc
quan so d6 mach trudc khi dit hang.
Céc thong s6 k¥ thuat ciia mach duoc cau hinh nhu sau:

S6 16p : 2 layers

Do day bo mach: 1.6 mm

e Do day 16p dong: 1 0z (35 pm)

e Mau soldermask: Xanh 14 (Green)

e Xu ly bé mat: HASL (Hot Air Solder Leveling)

e Kich thudc mach (DxR):Theo thiét ké thyc té (~121 mm x 9.6 mm)

e S6 luong dit: 5 ban
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X JLCPCB =

P ;
@ Standard PCB/PCBA “ Advanced PCBIPCBA < SMT-Standi
4

Back fo Upload File

Base Material 5] ax, [
FR4 Flex Aluminum Copper Core Rogers

Layers 1 4 "

Dimensions 12061 9597

PCB Qty 5 v

Product Type IndustrialiConsumer electronics | Aerospace | | Medical

PCB Specifications

Delivery Format Panel by Customer Panel by JLCPCB

PCB Thickness 0.4mm 08mm | 1omm | 12mm | [ 7Emm)

PCB Color @ Fupe @ Red Yellow @@ Blue

Silkscreen

Surface Finish LeadFree HASL ENIG

High-spec Options
Outer Copper Weight
Via Covering

Plugged | | Epoxy Filled & Capped

Min via hole size/diameter

0.3mm/(D.4/0.45mm)

0.25mm/(0.35/0.4mm})

0.2mm/(0.3/0.35mm)

2.0mm

White

3D Printing/CNC

PTFE Teflon

0.15mm/(0.25/0.3mm)

@ Bixck

Q E=usp Order now

Charge Details

Engineering fee

Via Covering

Gerber Viewer Surface Finish

Board

Build Time
PCB: @ 2days
24 nours

24 hours

Calculated Price

Shipping Estimate

DHL Express (DDP)

Weight

Coupons

Hinh 4-1 Lya chon céu hinh mach in

Sau khi xac nhéan thong tin cdu hinh, nhém kiém tra lai dinh myén cac 16p mach,

duong tin hiéu, 16 khoan va 16p in chir dé tranh sai sét trudc khi chuyén sang budc

thanh toan.

¢) Dit hang, theo dbi va kiém tra thanh pham

Sau khi hoan tat cau hinh, nhom tién hanh thanh toan qua PayPal hoac thé tin dung
quéc té. Pon vi van chuyén duge lua chon 1a DHL dé dam bao thoi gian giao hang

nhanh (trong khoang 5-7 ngay lam viéc). Hé thong cung cip mi theo ddi don hang

dé cap nhat trang thai van chuyén.

Sau khi nhan PCB thanh phém, nhém tién hanh kiém tra so bd cac yéu tb ky thuat

nhu:;

e DG sdc nét cua lop dong va 16p in chir

e Vi tri 16 khoan dung theo thiét ké

My file

Save 530.00

e Khong c6 du hiéu bong tréc 16p soldermask hodc chap mach

signin v

¥

$4.00
$0.00
50.00
$4.40

$0.00
§7.20
$0.00

$22.72
2-4 business days

0.33kg

Save 520.00
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Hinh 4-2 Mach in thuwec té.

Bo mach sau khi kiém tra duoc xac nhan dat yéu cau va san sang cho giai doan han

linh kién.
4.1.2 Han linh kién

a) Chuan bi linh kién va thiét bi

Sau khi nhan duoc mach in PCB di gia cong hoan chinh, cong doan tiép theo 1a
chuan bi day du cac linh kién dién tir dé tién hanh ldp rap mach. Viéc chuan bi linh
kién l1a budc quan trong nham dam bao qué trinh han dién ra lién tuc, chinh xac,
tranh thiéu sot hodc sai sot gdy anh huong dén hiéu ning mach.

Trudc tién, nhoém tién hanh d6i chiéu danh saich BOM (Bill of Materials) véi so d6
b6 trf linh kién (PCB Layout) dé x4c dinh chinh xac cac loai linh kién can st dung,
bao gém: dién trg, tu dién, diode, transistor, IC, vi diéu khién, header, jack nguén,
module giao tiép va cac dau ndi (terminal block). Mbi loai linh kién duoc sip xép

vao cac hop riéng hodc dugc dan nhan dé dé nhan dién.

Hinh 4-3 Danh sach linh kién.
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Linh kién duoc kiém tra so bo bang dong hd van ning dé xac dinh ding gia tri va
tinh trang hoat dong trudc khi han. Mt s6 linh kién nhu tu hoa, diode, LED,... ¢6
phan cuc, vi vy can kiém tra ky chiéu ldp dat dé tranh lip nguoc gdy hu hong hoic
doan mach sau khi cap ngudn.

Bén canh d6, nhom chuén bi cac dung cu va vat tu can thiét cho qua trinh han, bao
gém: mo han nhiét d6 6n dinh (60-80 W), thiéc han, nhip, gidy lau, keo tan nhiét

bang keo cach dién va bang gan linh kién.

Hinh 4-4 Chuén bj linh Kién va thiét bi

Cuoi cung, vi tri lam viéc dugc bod tri ngdn nap, c6 dén chi€u sang rd rang va mat
ban chong tinh dién d&é dam bdo an toan cho cac linh kién ban dan nhay cam nhu vi
di€u khién, IC logic. Viéc chuan bi day du va céan than gitp giam thoi gian han, tdng

d6 chinh xac va han ché cac 16i k¥ thuét trong qua trinh lip rap thi cong.

b) Han linh kién vao mach
Sau khi chuan bi day du linh kién va dung cy, nhom tién hanh han thi cong céc linh
kién 1én bo mach. Qu4 trinh han tuan theo nguyén tic tir linh kién thap dén cao, tir

trung tam ra ngoai, nham thuén tién thao tac va ddm bdo bo tri chinh xac.
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Cac linh kién nhu dién tré, tu gdm, diode duoc han trudc, tiép theo 1a IC, MOSFET,
relay, jack ngudn va cac chan header. Trong qua trinh han, mo han dugc diéu chinh
& murc nhiét pht hop (khoang 320-350 °C), dam bao chan han bam chéc, khong du
thiéc va khong gdy chap mach. Dbi véi cac linh kién phan cuc nhu diode, tu hoa,

LED..., nhom kiém tra chiéu lap dit can than trude khi ¢ dinh.

Hinh 4-5 Mach hoan thién linh kién

Sau khi hoan tit, bo mach dugc vé sinh bang con isopropyl dé loai bo du flux va
kiém tra bé“mg déng ho do thong mach. Céc vi tri han dugc ra soat ky dé phat hién
16i nhu han ngudi, ndi tat hodc pad chua du thiéc. Mach sau d6 sin sang cho budc

cAp ngudn va kiém thir chtrc ning.
4.1.3 Lip rap hoan thién thiét bi.

Sau khi han linh kién va kiém tra chitc ning timg phan t&r mach, qua trinh lip rap
hoan thién thiét bi dugc tién hanh. Bo mach diéu khién chinh, bao gdm ESP32-S3,
cac module cam bién (TDS, RS485), relay va mach ngudén LM2596 dugc cb dinh

chic chan vao hop k¥ thuat thong qua chin dé nhya va dc cach dién. Cac day tin
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hiéu va day ngudn duoc bd gon bang day rut va éng gen nham dam bdo tinh thim
my va giam nhiéu tin hiéu.

Mach duoc lip kém vé6i Raspberry Pi 4, 6 ctng luu trir, camera USB va cac két ndi
giao tiép nhu cong ngudn, cong USB, RS485... Tat ca dugc dinh tuyén va gin ¢
dinh trong hop, ddm bao khong bi x¢é dich trong qua trinh van hanh. Sau cung, hop
duoc dong kin, kiém tra lai cac diém tiép xuc va tién hanh cap ngudn thir nghiém dé
dam bao toan b hé théng hoat dong 6n dinh trudc khi trién khai ra moi truong thuc

te.

Hinh 4-6 Hoan thién thiét bj
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4.2 TRIEN KHAI MO HINH HE THONG NUOI TAO
4.2.1 Diéu kién trién khai mé hinh

Mo hinh dugc xay dung trong khong gian nha kho khép kin, mai lop bang tén nhira
xuyén sang dé tdn dung anh sang tu nhién, déng thoi han ché cudng do birc xa qua
cao vao thoi diém trua vén dic trung ciia mia hé ¢ Viét Nam. Khong gian khép kin
gitp kiém soét tot hon cac yéu t6 nhiét do moi truong va giam thiéu tac dong tir gio,

bui hoac sinh vat ngoai lai.

Hinh 4-7 Tham khao diéu kién nuéi.

Bé nuoi sir dung 1a thung nhya tron dung tich 200 lit. Nguén nuée sir dung 1a nudc
may da ling loc va duge khir clo. Dudng chat dugc pha thu cong dya trén cong thirc
chuan héa vdi cac thanh phan nhu NaHCO;, K2HPO4, MgSOs va vi luong, dam bao
pH va do khoang thich hgp cho gidng tio Spirulina platensis sinh truéng.

4.2.2 Lap dit va cAu hinh hé théng k¥ thuat

Hé théng phan cimg bao gém:
e Vi diéu khién ESP32-S3 két ndi cac cam bién (DO, pH, nhiét do, TDS).
e Cam bién DO-S20 giao tiép RS485; cam bién TDS analog ctia DFRobot.

e B0 diéu khién relay dé diéu khién may suc khi, bom, dén chiéu sang.
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e Camera chyp anh bé mat bé dinh ky 5 phut/lan, két nbi Raspberry Pi.
e Dir liéu duoc truyén vé Raspberry Pi qua giao thoc MQTT, hién thi qua
Node-RED va luu vao InfluxDB.

Céc cam bién dugc c6 dinh tai vi tri trung tdm b€ véi do sau tiéu chuan 15-20 cm dé
dam bao do ding vung phan bo sinh khoi tdo. May suc khi va dén chiéu sang

3000K duoc 1ap trinh bat/tat theo lich ¢d dinh.
4.2.3 Quy trinh nudi thir nghiém

Giai doan dau tién 1a van hanh hé théng trong diéu kién khong c6 tao, nham kiém
tra sy 6n dinh cua cac két ndi, d6 chinh xac cua dit liéu va kha nang hoat dong lién
tuc cua hé théng. Sau mot tuan thu nghiém, dit liéu tr cac cam bién cho théy do
nhiéu thap, két ndi 6n dinh, khong c6 15i truyén thong.

Sau d6, bé duoc vé sinh lai, bod sung dudng chit va tién hanh tha giéng tao
Spirulina. Mat do tao ban du khoang 0,1 g/L. Trong subt qua trinh nudi, hé thong
hoat dong lién tuc 24/7 va thu thap dir li€u theo thoi gian thyc.

Dit li€u duoc ghi nhan theo 3 giai doan chinh:
e Trudc khi tha giéng (nudc sach): Ghi nhan théng sé nén nhu pH, DO, TDS
trong mdi truong chua cé sinh khéi.
e Giai doan sinh truong: Cac thong sd thay do6i theo thoi gian do qua trinh
quang hop va tiéu thy khoang chat.
e Giai doan xay ra su cd: Mot sb thoi diém ghi nhan hi¢n tugng tao chét cuc bod
(DO giam manh, pH dao dong), gitp xac minh tinh hiru ich ciia hé théng

trong canh bdo som.
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Hé théng camera két hop xir 1y anh (YOLOVS5) cho phép nhan biét mat do bot khi

va mau sic bé mit, phuc vu phat hién bat thuong hoac danh gia strc khoe tao.
4.2.4 Danh gia so bo

M6 hinh thtr nghiém budc dau da chirng minh dugc tinh 6n dinh va hiéu qua van
hanh ctia hé thong k¥ thuat trong diéu kién nuéi tao thuc té. Dir liéu thu nhén tir cac
cam bién (pH, DO, TDS, nhiét d6) c6 do chinh xac cao, phan anh ding cac bién
dong méi trudng xay ra trong sudt qua trinh sinh trudng cua tao. Hé thdng van hanh
hoan toan tu dong, cho phép giam sat lién tuc ma khong can can thiép thu cong, gop
phan giam dang ké khoi luong cong viée giam sat truyén thong.

Bén canh dir li¢u dinh lugng, hé théng con tich hgp camera chup anh dinh ky va xt
1y anh bang moé hinh hoc may, hd trg phat hién cac dau hiéu bat thuong nhu thay
ddi mau sic bé mat hodc gidm mat dg bot khi — nhirng chi s6 lién quan tryc tiép dén
tinh trang strc khoe cua sinh khéi tao. Viéc két hop giita dit liéu cam bién va thong
tin hinh anh da tao thanh mdt h¢ giam sat toan dién, hd tro phan tich da chiéu va ¢6
kha nang mé rong cho céc ing dung du béo.

Két qua trién khai cho thay hé thdng c6 tiém nang Gmg dung cao trong cic mo hinh
nudi tdo quy mo vira va nho. Voi chi phi trién khai hop 1y, mic d6 tu dong hoda cao
va kha nang tich hop tri tué nhén tao, hé thong phu hop véi xu hudng hién dai hoa
cong nghé nudi trong va phat trién cic giai phap xanh bén viing trong nong nghiép

cong nghé cao.
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CHUONG 5. KIEM PINH VA KET QUA

5.1 KET QUA THUC NGHIEM

a) Qua trinh nudi va van hanh hé thong

M0 hinh nuoi tdo Spirulina dugc trién khai trong mot bé nhua kin dung tich 200 lit,
dit trong nha kho mai ton iy sang tu nhién. Moi trudng duoc chuan bi bang cach
pha sin dung dich dudng chét theo cong thirc chuan (NaHCOs, Urea, MgSOs...) v6i
ngudn nudce loc sach, sau d6 diéu chinh pH va TDS phu hop (pH ~7.0, TDS ~1,000
ppm) trude khi tién hanh tha giéng ¢ hinh 5-1.

Hinh 5-1 Ngay déu tién tha nudi gidng tio.

Trong sudt 15 ngay nuéi lién tuc, hé thong van hanh 6n dinh voi cac thanh phan:
e Suc khi lién tuc 24/7 bz:ing bom suc khi va da sui, dam bao tao luén luan
chuyén va hap thy duoc dudng chat.
e Cam bién do pH, DO, TDS, nhiét do truyén d@ liéu qua ESP32 vé Raspberry
Pi.
e Dit liéu hién thi real-time trén dashboard Node-RED, déng thoi luu vao

InfluxDB.
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e H¢ théng bo sung dudng chat tu dong duoc kich hoat néu TDS hoic pH giam

ngoai ngudng cai dit.

Hinh 5-2 Sau 15 ngay tha gibng tao.

Hinh 5-2 thé hién két qua giam sat cho thdy méi truong 6n dinh, tao sinh truong
déu, nude chuyén tor mau xanh nhat sang xanh dam ro rét, d trong giam dan phan
anh su gia ting mat do sinh khéi.

b) Quy trinh lgc va thu tido sinh khdi

Sau 15 ngay, hé thong tam dirng dé tién hanh loc va thu sinh khéi:

e St dung ludi loc chuyén dung 50-100 pm, tién hanh loc thii cong bang van
xa day.

e Nudc duogc dan qua ludi loc, giit lai phz‘in tao co kich thudc 16n va mat do
cao.

e Luong nudc sau loc (~70-75%) dugc bom tuan hoan trd lai bé, nham tai st
dung moi truong, gitr lai tdo chua dat chét luong va lam nén cho dot nudi
tiép theo.

¢) Panh gia chit lwong tio sau loc

Tao duoc phan chia ro rét theo hai muc chit lugng:
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e Tao dat chuan: mau xanh dam, soi dai, lang nhanh — chiém khoang 25-30%
tong thé. Day 1a phan duoc giit lai dé sy hodc 1am mAu phén tich.
e Tao chua dat: mau nhat, soi ngén, phan tan — thuong 1a sinh khdi non, chua
da chu ky. Phan nay duoc giit lai trong nudc tuan hoan dé tiép tuc phat trién.
Ngoai ra, hé thdng camera va AI hd tro ghi nhan mau nuéc thay doi dan theo thoi
gian, hd tro danh gia tryc quan do phat trién va quyét dinh thoi diém thu tao hop 1y.
d) Uu diém va két ludn
Viéc tai sir dung nude va sinh khéi non khong chi giup tiét kiém ngudn tai nguyén
ma con hd tro duy tri giéng tao khoe, khong can mua mdi, dong thoi rit ngian chu
ky thiét 1ap mdi mé. Picu nay gbp phan viao muyc tidu phét trién bén viing va kinh té

tuan hoan trong mé hinh nudi tao.
5.1.1 Két qua phat hién bot khi bing mé hinh hoc may

Trong hé théng giam sat nuoi tao, viéc dam bao hoat dong on dinh cua may suc khi
1a diéu t6i quan trong. Pé ty dong hoa giam sat tinh trang nay, dé tai da ung dung
thi gidc may tinh két hgp mo hinh hoc sau — cu thé 1a YOLOvS — dé nhan dién bot
khi xuat hién trén bé mit bé nudi. M6 hinh duoc huan luyén tir tap dir liéu anh thyuc
té duoc thu thap trong qua trinh trién khai mé hinh (Hinh 5-3).

a) Quy trinh thyce hién:

e Hinh anh duoc camera gin trén bé chup lai theo chu ky 5 phtt/lan, sau d6

truyén vé Raspberry Pi 4.
e Anh dau vao dugc dua vao mo hinh YOLOVS d3 huan luyén.
e Mo hinh tra vé két qua gdm vi tri (bounding box) va dé tin cay (confidence

score) cua vung dugc nhan dién 1a bot khi.
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Hinh 5-3 Két qua tra vé tir md hinh hoc may.

b) Két qua dinh lwong:
Sau qua trinh huén luyén mé hinh YOLOVS5 dé phat hién bot khi trong hé théng

nudi tao, két qua kiém thir trén tap dir liéu cho théy hiéu suét nhu sau:

Chi s Gia tri Dién giai
Precision (P) 0.589 | Khoang 58.9% vung du doan 1a bot khi 1a
dang.
Recall (R) 0.529 | Mo hinh phat hién duoc 52.9% s ving c6 bot

khi thue sy ton tai.

mAP50 0.580 | Trung binh dd chinh xac ¢ ngudng IOU > 0.5

kha t6t v6i dir lidu thyc té.
mAP50-95 0.265 | Chi s6 mAP toan dién, danh gia chit luong
phan biét mo hinh & nhiéu IOU.

S6 anh kiém thir 24 Sb anh duoc dung dé danh gia hiéu ning mé

hinh sau khi huan luyén.

Tong sé doi twong 157 | Tong s6 nhin “Bubble” trong tip validation.

Bang 5-1 Bang két qué huén luyén mé hinh.
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¢) Két qué van hanh:
Trong qua trinh trién khai thuc té, mé hinh phét hién bot khi da cho thdy kha ning
hoat dong 6n dinh trong diéu kién anh sang tu nhién trong nha. Cac tinh huéng duoc
mo phong va kiém nghiém bao gdom ca trang thai hoat dong binh thuong va sy c¢b hé

théng.

e Phat hién bat thuong

O Hinh 5 4 khi camera ghi nhan hinh anh khong xuat hién vung nao dugc phan loai
12 "Bubble" v&i d6 tin cay vuot ngudng ciu hinh. hé thong s& danh gia kha niang cao
1a may syc khi dang gip su c¢d hodc ngimg hoat dong. Trong truong hop ndy, mot
canh bao tirc thoi dugc giri ty dong dén ngudi quan 1y thong qua email dé kip thoi
xu ly.

Canh bao: Khong phat hién bot khi  Hep thudén

huybui211339@gmail.com @ 16:17 5 thg 8, 2025 (2 ngay tnioe)

déntai -

Anh photo_20250805_161731 jpg khdng cé bot khi.

Mot tép dinh kém - Do Gmail gquét

(& Tralgi ) ( ~ Chuyéntisp ) (@)

Hinh 5-4 Canh bso vé email.
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e Nhan dién trang thai binh thuwong
O trang thai hoat dong binh thudng, moé hinh di phat hién chinh x4c nhiéu ving
chira bot khi tai vi tri dau ra khi tir may suc. Cac khung phat hién (bounding boxes)
c6 dg tin cay cao, dao dong tur 0.75 dén 0.90, phan anh kha nang nhan di¢n tdt trong

diéu kién quan sat thuan loi.

e Danh gia tong thé
Uu diém:
— Hé thong hoat dong hoan toan tu dong, khong yéu cau can thiép tha cong
trong qua trinh gidm sat.
— €6 kha ning phat hién sém su ¢b suc khi — mét yéu td quan trong anh hudng
tryc tiép dén ham luong oxy hoa tan va su phat trién cua tao.
— Tich hop tdt voi hé théng 0T, hd trg canh bao thoi gian thyec.
Han ché:

Do chinh xé4c c6 thé suy giam khi xuat hién cac yéu té gdy nhiéu nhu bong

d6 manh, nuéc bi mo, hodc bot khi nho, phan bd khong déng déu.
— Chua xu ly t6t anh sang yéu hodc hién tugng phan chiéu tir thanh bé.
— Kha nang mo rong:
— Viéc mé rong tp dir liéu huin luyén, bd sung anh tir nhiéu diéu kién moi

truong va cai thién gan nhan s€ gitp tang do chinh xac.
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CHUONG 6. KET LUAN

6.1 Toéng két dé tai

Sau qua trinh nghién ctru nghiém tac, trién khai thuc tién va thtr nghiém nhiéu lan,
dé tai “Thiét ké hé thong IoT thong minh cho nudi trong tao — Giai phap Blue
Carbon” di dat dugc toan bo muc tiéu dé ra ban dau. Hé théng duoc thiét ké hoan
chinh, tich hop chit ché giita cac thanh phan phan cing, phin mém, truyén thong va
thi gidc may tinh.

Hé thong c6 kha nang giam sat lién tuc cic chi s moi truong quan trong nhu pH,
nhiét 6, DO va TDS; truyén dit liéu theo thoi gian thuc théng qua giao thirc MQTT
dén may chii noi bo (Raspberry Pi), luu trir bang InfluxDB, hién thi truc quan qua
Node-RED Dashboard, dong thdi két hop mé hinh hoc sau (YOLOV5) dé phén tich
hinh anh va phat hién sy ¢6 nhu mat bot khi — ddu hiéu canh bao sém cho viéc hu
hong may suc khi.

Bén canh hé théng ky thuat, nhém thuc hién cling da trién khai mo hinh nudi tao
thie nghiém, theo ddi trong sudt chu trinh 15 ngdy, thu thap di liéu va danh gia tinh
on dinh, kha ning mé rong cia mo hinh.

C6 thé khing dinh, dé tai d x4y dung thanh cong mot mé hinh giam sat moi truong
thong minh c6 kha ning tmg dung cao trong thyc tién, déng thoi thé hién duoc tinh
than tién phong trong viéc dua cong nghé IoT va Al phuc vu cho linh vyc nong

nghiép xanh — mdt xu hudng phat trién tit yéu cua thé ky XXL.
6.2 Han ché

Mic du dat duoc két qua tich cuc, dé tai vin con mot sé han ché nhat dinh:
e MOo hinh hoc sdu YOLOVS hoat dong tdt trong diéu kién anh sang tiéu chuén,

nhung gip kho khin khi 4nh sang yéu hoidc c6 phan xa mit nudc.
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Cam bién TDS va DO can hi¢u chuan tht cong sau thoi gian dai str dung.
Canh bao hé théng méi ding ¢ muc ngudng tinh, chua két hop thuit toan
diéu khién phan hdi tr dong.

Hé thong chua duoc thir nghiém ngoai troi hodc trong diéu kién khic nghiét,

nén do 6n dinh lau dai chua dugc kiém chirng toan dién.

6.3 Pinh hudng phat trién

bé tai mo ra mot hudng nghién ctlru rat tiém nang, cé thé ti€p tuc phat trién theo cac

dinh hudng sau:

T6i wu va nang cdp moé hinh Al: Huan luyén lai véi tap dit liéu phong phu
hon, bao g6m anh dém, anh mo, phan chiéu manh, gilp mo hinh tré nén linh
hoat va manh m& hon trong nhiéu diéu kién moéi truong.

Tich hop thém cam bién mdi trudng nang cao nhu do anh sang, CO2, NHs,
do duc dé nang cép hé théng thanh mot tram giam sat moi truong thiy sinh
toan dién.

Tu dong hoa diéu khién bang thuat toan ra quyét dinh thong minh: hé thong
khong chi canh bdo ma con co thé tu dong bom dudng chét, diéu chinh dén
quang hop, hoic tdi uvu chu ky suc khi theo trang thai thyc té.

Chuyén d6i thanh thiét bi thuong mai hoa, dong goi thanh module gon nhe,
c6 thé trién khai tai cac hop tic xa, co s& san xuét tao vira va nho, giup pho
cap hoa cong nghé vao doi séng thue tién.

Két ndi 1én Cloud: dua dit liéu 1én nén tang nhu Firebase, Azure IoT Hub

hoic AWS IoT dé hd tro phan tich quy mé 16n va quan 1y tir xa.
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CHUONG 7. TAI LIEU THAM KHAO

Tiéng Anh

Murphy, K. P. (2012). Machine Learning: A Probabilistic Perspective. MIT Press.
Nielsen, M. (2015). Neural Networks and Deep Learning.
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PHU LUC A
Phu luc 1: Code doc cam bién ESP32.
#include <Arduino.h>
#include "ADS1X15.h"
#include "esp task wdt.h"

#include <ArduinoJson.h>

#define RXD2 36
#define TXD2 37

// 10 diéu khién

#define IO MOTOR PH 4
#define IO MOTOR_AIR 1 5
#define IO_AIR 2 6
#define IO_LIGHT 7

#define VREF 5.0
#define SCOUNT 30

ADS1115 ADS(0x48);
byte ByteArrayDO[250];
byte MSG_READI[] = {0x01, 0x03, 0x00, 0x00, 0x00, 0x2A, 0xC4, 0x15};

// Bién cam bién
float oxi_ = 0.0;
float temperature = 0.0;

float decimalValue = 0.0;
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float tdsValue = 0;
float adcl =0, f=1.0;

TaskHandle t sensorTaskHandle;

String inputString ="";

// Gtri chudi JSON dit liéu cam bién
void sendJSON()
{
char jsonBuffer[256];
snprintf(jsonBuffer, sizeof(jsonBuffer),
"{\"oxi1\":%.2f\"ph\":%.3f,\"temp\":%.2f,\"tss\":%.3f} ",
oxi_, decimalValue, temperature, tdsValue);

Serial.println(jsonBuffer);

}

// Gtri yéu cau dén cam bién DO (MODBUS)
void sendRequest(const byte *request, size t len)
{
for (size ti=0;1<len; ++i)
{
Serial2.write(MSG_READIi1]);
Serial2.flush();

}
b

// Nhan phan héi tir cam bién DO
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void receiveResponse(byte *byteArray, int maxLen)
{

int index = 0;

unsigned long start = millis();

while ((millis() - start < 1000) && index < maxLen)

1
if (Serial2.available())

{
byteArray[index++] = Serial2.read();
}
j
}

// X1t 1y dir liéu DO nhan duoc
bool processDOData()
{
for (int1=10;1<5; 1++)
{
sendRequesttMSG_READ, sizeof(MSG_READ));
receiveResponse(ByteArrayDO, sizeof(ByteArrayDO));

if (ByteArrayDO[0] == 0x01 && ByteArrayDO[l] == 0x03 &&
ByteArrayDO[2] == 0x54)
{

word oxi = ((ByteArrayDO[43] << 8) & 0xFF00) | ByteArrayDO[44];
word temp = (ByteArrayDO[37] << 8) | ByteArrayDO[38];
word phval = (ByteArrayDO[79] << 8) | ByteArrayDO[80];

temperature = float(temp) * 0.01;
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decimalValue = float(phval) * 0.001;
oxi_=oxi*0.01;
return true;

}
vTaskDelay(1000 / portTICK _PERIOD_ MS);

}

return false;

}

// Task do cam bién dinh ky
void sensor_task(void *param)
{

for (;;)

{

esp_task wdt reset();

digitalWrite(16, 1);
vTaskDelay(30000 / port TICK_PERIOD MS); // bat nguén cam bién

bool ok = processDOData();
digitalWrite(16, 0);

intl6_tval 1= ADS.readADC(1);

adcl =val 1 *f;

float compensationCoefficient = 1.0 + 0.02 * (temperature - 25.0);

float compensationVolatge = adc1 / compensationCoefficient;

tdsValue = (133.42 * pow(compensationVolatge, 3) - 255.86 *

pow(compensationVolatge, 2) + 857.39 * compensationVolatge) * 0.5;
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if (ok)
{
sendJSON();

}

vTaskDelay(30000 / portTICK _PERIOD MS); // chd 30s nita trude lan do tiép
theo

}
b

// Xtr Iy 1énh JSON tir Serial va phan hoi 10 dang bat
void handleJsonCommand(const String &input)

{

StaticJsonDocument<128> doc;

DeserializationError err = deserializeJson(doc, input);

if (err)

{
Serial.print("[LOI] JSON khong hop 18: ");
Serial.println(err.c_str());

return;

}

String 100n ="";

if (doc.containsKey("STATUS MOTOR_PH"))
{
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bool on = doc["STATUS _MOTOR_ PH"].as<String>() =="1";
digitalWrite(I0O. MOTOR_PH, on ? LOW : HIGH);
if (on) 100n +="10_MOTOR _PH, ";

j

if (doc.containsKey("STATUS MOTOR_AIR 1"))

{
bool on = doc["STATUS MOTOR_AIR 1"].as<String>() =="1";
digital Write(IO_ MOTOR_AIR 1, on ? LOW : HIGH);
if (on) i00On +="10_ MOTOR_AIR 1,";

j

if (doc.containsKey("STATUS AIR 2"))

{
bool on = doc["STATUS_ AIR 2"].as<String>() =="1";
digital Write(IO_AIR 2, on ? LOW : HIGH);
if (on) ioOn +="10_AIR 2,";

j

if (doc.containsKey("STATUS LIGH"))

{
bool on = doc["STATUS LIGH"].as<String>() =="1";
digitalWrite(IO_LIGHT, on ? LOW : HIGH);
if (on) i00n +="IO_LIGHT, ";

}

Serial.printIn("[INFO] P xir 1y 1énh diéu khién 10.");
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if (ioOn.length() > 0)

{
ioOn.remove(ioOn.length() - 2); / x6a dau ", " cudi
Serial.print("[TRANG THAI 10] 10 di bat: ");
Serial.println(ioOn);

}

else

{
Serial.println("[TRANG THAI I0] Khéng c6 10 nao dang bat.");

b

h

void setup()
{
Serial.begin(9600);
Serial2.begin(9600, SERIAL 8N1, RXD2, TXD2);

/I GPIO cép ngu@)n cho cam bién DO
pinMode(16, OUTPUT);
digitalWrite(16, 1);

// 10 diéu khién

pinMode(I0_ MOTOR_PH, OUTPUT);
pinMode(I0. MOTOR_AIR 1, OUTPUT);
pinMode(I0_AIR 2, OUTPUT);
pinMode(I0 LIGHT, OUTPUT);

// Mic dinh tat ca IO tat (HIGH)
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digitalWrite(IO_ MOTOR _PH, HIGH);
digitalWrite(I0O. MOTOR_AIR 1, HIGH);
digitalWrite(IO_AIR 2, HIGH);
digitalWrite(IO LIGHT, HIGH);

Wire.begin(42, 2, 100000);
ADS.begin();
ADS.setGain(0);

f= ADS.toVoltage(1);

esp_task wdt init(10, true);
esp_task wdt _add(NULL);

xTaskCreatePinnedToCore(
sensor_task,
"SensorTask",
4096,
NULL,
1,
&sensorTaskHandle,
1);

void loop()

{
esp_task wdt reset();

// Poc chudi JSON tir Serial
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while (Serial.available())

{
char ¢ = Serial.read();
if (c=="\n")
{
inputString.trim();

if (linputString.isEmpty())
handleJsonCommand(inputString);

inputString ="";

}

else

{
inputString += c;

b

}

delay(100);

}
Phu luc 2 Chwong trinh xir ly anh va doc dir liéu Raspberry Pi

import os

import json
import time
import cv2

import torch
import mimetypes
import smtplib

from email.message import EmailMessage
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from datetime import datetime

import serial

import paho.mgqtt.client as mqtt

from influxdb_client import InfluxDBClient, Point

from influxdb_client.client.write api import SYNCHRONOUS

i CAU HINH
INFLUX_ URL = "http://localhost:8086"

INFLUX TOKEN =
"IstiyalINxYkz4Kqb4J12xKiKEgZ62EZqyX6BL cFfWdp3FjYm9U-
Fy57bZ1ZT1TRTaF2CqY3gaf7zbiBIChqw=="

INFLUX ORG = "my-org"

INFLUX BUCKET = "env_spirulina_data"

MQTT_BROKER = "localhost"

MQTT PORT = 1883

MQTT_TOPIC_PUB ="env_spirulina/sensor"
MQTT _TOPIC CHECK ="CHECK BB"

IMAGE_DIR = "/home/huy/images"
YOLO_ MODEL = "/home/huy/Desktop/python_code/best.pt"
YOLO OUTPUT DIR = "/home/huy/Desktop/python code/image dt save"

EMAIL SENDER = "huybui211339@gmail.com"
EMAIL PASSWORD = "pvbh kcfj muyl kwyo"

EMAIL RECEIVER = "huybui211339@gmail.com"

LOG_FILE = "/home/huy/startup.log"
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SENSOR_TIMEOUT = 120 # 2 phut
DETECT INTERVAL = 120 # 2 phat

os.makedirs(IMAGE DIR, exist ok=True)
os.makedirs(YOLO OUTPUT DIR, exist ok=True)

# HAM LOG
def log(msg):
now = datetime.now().strftime("%Y -%m-%d %H:%M:%S")
message = f"'[ {now}] {msg}"
with open(LOG_FILE, "a", encoding="utf-8") as f:
f.write(message + "\n")

print(message)

# HAM GUIT EMAIL

def send email(subject, content, image path=None):
try:

msg = EmailMessage()

msg["Subject"] = subject

msg["From"] = EMAIL SENDER

msg["To"] = EMAIL RECEIVER

msg.set_content(content)

if image path and os.path.exists(image path):

with open(image path, "rb") as img_file:

img_data = img_file.read()
mime type, = mimetypes.guess type(image path)
maintype, subtype = mime_type.split("/") if mime type else

nn

("application", "octet-stream")
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msg.add_attachment(img_data, maintype=maintype, subtype=subtype,
filename=os.path.basename(image path))
with smtplib.SMTP_SSL("smtp.gmail.com", 465) as smtp:
smtp.login(EMAIL _SENDER, EMAIL PASSWORD)
smtp.send message(msg)
log(f"[EMAIL] Pa gui canh bao: {subject}")
except Exception as e:

log(f'[ERROR] Guri email thét bai: {e}")

# CAMERA

def init_camera(max_index=5):
for 1 in range(max_index):
cam = cv2.VideoCapture(1)
if cam.isOpened():
log(f"Pa m& camera tai index {i}")
return cam
cam.release()
log("Khéng tim thdy camera kha dung.")
send_email("Canh bao: L5i Camera", "Khong tim thiy camera kha dung.")

return None

def capture image():
cam = init_camera()
if not cam:
return None
ret, frame = cam.read()
cam.release()

if not ret:
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send_email("Canh bao: L5i Camera", "Khong thé chyp anh tir camera.")

return frame if ret else None

# YOLO
log("[YOLO] Pang tai mo hinh...")

model = torch.hub.load('ultralytics/yolov5', 'custom', path=Y OLO_MODEL,
force reload=False)

model.conf= 0.6

log("[YOLO] M6 hinh YOLO da sén sang!")

def detect latest image():
images = [f for f in os.listdir(IMAGE_DIR) if f.endswith(".jpg")]
if not images:
log("[YOLO] Khong c6 anh nao trong thu muc.")

return

latest image = max(images, key=lambda x:
os.path.getmtime(os.path.join(IMAGE_DIR, x)))
latest path = os.path.join(IMAGE_DIR, latest image)

log(f'[YOLO] Xir Iy anh m&i nhét: {latest path}")
results = model(latest path)

df = results.pandas().xyxy[0]
bubbles = df[df["name"] == "bubble"]

results.render()

result frame = cv2.cvtColor(results.ims[0], cv2.COLOR_RGB2BGR)
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processed path = os.path.join(YOLO OUTPUT DIR,
f'processed {latest image}")

cv2.imwrite(processed path, result frame)

if len(bubbles) > 0:
log("[PHAT HIEN] C6 bot khi trong anh.")
if mqtt_client:
mqtt_client.publish(MQTT_ TOPIC CHECK, "1")
else:
log("[CANH BAO] Khong phat hién bot khi trong anh.")
send_email("Canh bao: Khong phat hién bot khi", f"Anh {latest image} khong
coO bot khi.", processed path)
if mqtt client:

mqtt_client.publishMQTT_TOPIC_CHECK, "0")

# MQTT CALLBACK
def on_message(client, userdata, msg):
try:
if ser:

topic = msg.topic.strip()
value = msg.payload.decode().strip()
print(f'[MQTT] Nhan: {topic} = {value}")
valid keys = ["STATUS MOTOR_PH", "STATUS MOTOR_AIR 1",
"STATUS_AIR 2", "STATUS LIGH"]
if topic in valid_keys and value in ["0", "1"]:
json_cmd = json.dumps( {topic: value}) + "\n"
ser.write(json _cmd.encode())

print(f"[SERIAL] Gtri: {json cmd.strip()}")
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except Exception as e:
log(f"[MQTT ERROR] {e}")
send_email("Canh bao: L6i MQTT", f'MQTT gip 16i: {e}")

# KET NOI SERIAL
try:
ser = serial.Serial("/dev/ttyUSBO0", 9600, timeout=1)
log("Serial da mo.")
except Exception as e:
log(f"L6i mé serial: {e}")
send email("Canh bdo: Ldi Serial", f'Ldi m& serial: {e}")

ser = None

# KET NOI INFLUXDB

try:
influx = InfluxDBClient(url=INFLUX URL, token=INFLUX TOKEN,
org=INFLUX ORG)
write_api = influx.write api(write options=SYNCHRONOUS)
log("Két ndi InfluxDB thanh cong.")
except Exception as e:
log(f"Léi InfluxDB: {e}")
send_email("Canh bao: Ldi InfluxDB", f"Léi InfluxDB: {e}")
influx = None

write_api = None

# KET NOI MQTT

try:
mgqtt_client = mqtt.Client()
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mqtt_client.on_message = on_message

mgqtt client.connecttMQTT BROKER, MQTT_ PORT)

for tin ["STATUS _MOTOR_PH", "STATUS MOTOR_AIR 1",
"STATUS_AIR 2","STATUS LIGH"]:

mqtt_client.subscribe(t)

mqtt_client.loop_start()

log("MQTT di két ndi va subscribe céc topic.")
except Exception as e:

log(f"Loi MQTT: {e}")

send_email("Canh bao: L6i MQTT", f'Ldi MQTT: {e}")

mgqtt client = None

last_sensor time = time.time()
last detect time = time.time()

log("Hé thong da khai dong.")

# VONG LAP CHINH

while True:
try:
if ser:
line = ser.readline().decode('utf-8').strip()
if not line:
if time.time() - last_sensor_time > SENSOR_TIMEOUT:
log("[CANH BAO] Khong nhan dugc dit liéu cam bién trong 10
phut.")
send_email("Canh bao: L&i cam bién", "Khong nhan dugc dit liéu cam
bién trong 10 phut.")

last sensor_time = time.time()
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time.sleep(0.1)
else:
try:
if line.startswith("{"") or line.startswith("[{"):
line = line.replace(""", ")

data = json.loads(line)

print(f"[SENSOR] {data}")

last _sensor time = time.time()
except json.JSONDecodeError:

continue

if write api:
point = Point("sensor_data")
for k, v in data.items():
point = point.field(k, v)
point = point.time(time.time_ns())
write _api.write(bucket=INFLUX BUCKET, org=INFLUX ORG,

record=point)

if mqtt client:
mgqtt_client.publish(MQTT_ TOPIC PUB, json.dumps(data))

frame = capture _image()

if frame is not None:
timestamp = datetime.now().strftime("%Y%m%d_%H%M%S")
image name = f"photo {timestamp}.jpg"
image path = os.path.join(IMAGE_DIR, image name)

cv2.imwrite(image path, frame)
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log(f"[CAMERA] Pa luu anh: {image path}")

else:
log("[CAMERA ERROR] Khéng thé chup anh.")
send_email("Canh bao: L5i Camera", "Khong thé chup anh tir

camera."

if time.time() - last_detect time >= DETECT INTERVAL.:
detect latest image()

last_detect time = time.time()

except Exception as e:
log(f"[LOOP ERROR] {e}")
send_email("Canh bao: L6i hé thong", f'Li trong vong lip chinh: {e}")
time.sleep(1)
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