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LOI CAM ON
Em xin chan thanh gtri 161 cdm on sau sdc dén Ban Gidm hiéu Truong Pai hoc Ton
Ptic Thing, cung toan thé quy thiy c¢6 Khoa Pién — Dién tir, dic biét 1a nganh Ky
thuat dién tr — vién thong, da tan tinh giang day, dinh huéng va tao diéu kién thuin
lgi dé em ¢6 thé hoc tap va phat trién toan dién trong subt qué trinh hoc tai truong.
Dic biét, em xin bay t6 long biét on chan thanh va siu sic dén Tién si Tran Thanh
Nam va Gido su Kim Dokyong — nhiing ngudi da tryc tiép hudng dan, dinh huéng
nghién ctru va luén dong hanh cing em trong qua trinh thyc hién dé tai “Nong trai vi
tao thong minh dé luu trit carbon xanh”. Nhitng kién thirc chuyén mén quy bau, tinh
than 1am viéc khoa hoc, ciing sur hd tro tan tinh tir hai thay da giup em hoan thanh t6t
dé tai ndy, dong thoi md ra cho em nhiéu goc nhin mdi mé va y nghia vé cac giai
phap cong nghé phuc vu phat trién bén viing va bao vé moi trudng.
Em ciing xin cam on gia dinh va ban bé da luén ung hd, dong vién em trong sudt thoi
gian hoc tap va thuc hién do an.
Mic du di cb ging hét minh, nhung do gi6i han vé thoi gian va kinh nghiém, d6 an
khoéng tranh khoi nhirng thiéu s6t. Em rat mong nhan dugc su gbp ¥ cua quy thay co

dé c6 thé tiép tuc hoan thién ban than va phat trién hon trong tuwong lai.

TP. Ho Chi Minh, ngay thing ndm
Tac gia

Lé Tran Ngoc Sang



Cong trinh dugc hoan thanh tai Truong Pai hoc Ton Puc Théng
Can bo hudng dAn KN0Aa NOC: ...c.cvevevvveceeieicicees et

(Ghi ro hoc ham, hoc vi, ho tén va chir ky)
Db 4n tong hop dugc bao vé tai Hoi dong danh gia Po an tot nghiép/tong hop cia
Trwong Pai hoc Ton Pire Thing vao ngdy... /.../......

Xéc nhan cua Chu tich Hoi dong danh gia Do an tot nghlep/tong hop va Trudng khoa
quan 1y chuyén nganh sau khi nhan D6 an tot nghiép/tong hop di dugc stra chita (néu
c0).

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 cia riéng to61 va dugc su hudng
dan khoa hoc cua Tién si Tran Thanh Nam va Gido su Kim Dokyong Cac noi dung
nghién ctru, két qua trong dé tai nay 13 trung thuc va chua cong bd dudi bat ky hinh
thirc nao trude day. Nhitng s6 liu trong cac bang biéu phuc vu cho viéc phan tich,
nhan xét, danh gia duoc chinh tac gia thu thap tir cac ngudn khac nhau c6 ghi 16 trong
phan tai liéu tham khao.

Ngoai ra, trong Do an tot nghiép/ tong hop con sir dung mot sé nhan xét, danh
gia ciing nhu s6 liéu ciia cic tac gia khac, co quan to chirc khac déu co trich dan va
chu thich ngudn géc.

Néu phat hién c6 bat ky sw gian 14n nao téi xin hoan toan chju trach nhiém
vé ndi dung Po 4n tdt nghiép/ tong hop ciia minh. Trudng Pai hoc Tén Pirc Thing
khong lién quan dén nhitng vi pham tic quyén, ban quyén do t6i giy ra trong qua
trinh thuc hién (néu co).

TP. Ho Chi Minh, ngay thing ndm
Tac gia
Lé Trdn Ngoc Sang



(Trang nay dung dé dinh kém Nhiém vu D6 an tot nghiép co chir ky clia Giang
vién hudng dan)
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NONG TRAI VI TAO THONG MINH PE LUU TRU
CARBON XANH
TOM TAT

Pé tai “NONG TRAI VI TAO THONG MINH BPE LUU TRU CARBON XANH”
nham xay dung mot h¢ théng [oT tu dong phuc vu cho viéc nudi vi tdo ven bién véi
muc tiéu toi da hoa hiéu sudt luu trit carbon va tao ra carbon credit.
Hé thong bao gdm hai vi diéu khién ESP32 tich hop module LoRa, dam nhan viéc
thu thap dir liéu tur cac cam bién moi truong (pH, do duc, khi gas, nhiét dJ, v.v.) tai
khu vic bo bién va truyén thong tin vé tram trung tam. Tai day, dit liéu dugc giri 1én
may chit MQTT va xir 1y truc quan thong qua nén tang Node-RED.
Mbt diém ndi bat cua hé théng la kha nang tu dong hoda vi¢c dosing dinh dudng va
bod sung nudc cho vi tdo dya trén cdc mo hinh Al du doén (predictive Al). Cac thuat
toan hoc may duoc str dung dé phan tich dit liéu mdi trudng theo thoi gian thyc, tir
d6 dua ra quyét dinh chinh xac vé luong dinh dudng va nude can thiét, giap toi uu
qua trinh hip thu CO: cua vi tao trong hé sinh thai Blue Carbon.
Ngoai ra, hé théng duogc tich hop cac co ché canh bao sém va thong bao critical khi
phat hién cac thong sé vuot ngudng an toan, hodc khi c6 ddu hiéu cho thiy hé thong
can bao dudng (vi du: nghén bom, cam bién hoat dong bat thuong, hodc sai léch di
liu kéo dai). Cac canh bao nay duogc giri dén nguoi van hanh thong qua giao dién
Node-RED hoac cac kénh lién lac nhu email/SMS.
Thong qua viée két hop cong nghé IoT, truyén thong LoRa, nén tang MQTT, trf tué
nhan tao va ty dong hoa, dé tai hudng t6i mot giai phap thong minh, bén viing va hiéu

qua cao trong viéc quan ly carbon xanh va thuong mai hoa carbon credit tir vi tdo.



SMART MICROALGAE FARM FOR BLUE CARBON

ABSTRACT
The project titled “SMART MICROALGAE FARM FOR BLUE CARBON” aims to

develop an loT-based automated system for coastal algae farming with the goal of
maximizing carbon absorption efficiency and generating carbon credits.

The system utilizes two ESP32 microcontrollers integrated with LoRa modules to
wirelessly transmit environmental sensor data (such as pH, turbidity, gas
concentration, temperature, etc.) from the coastal algae farm to a central processing
unit. At the central station, the data is transmitted to an MQTT broker and visualized
through the Node-RED platform.

A key feature of the system is its ability to automatically control nutrient dosing and
water replenishment based on predictive Al models. These machine learning
algorithms analyze real-time environmental data to make precise decisions on
nutrient and water levels, thereby enhancing CO- absorption efficiency of the algae
within the Blue Carbon ecosystem.

Additionally, the system is equipped with early warning and critical alert mechanisms
to notify operators when sensor values exceed safe thresholds or when maintenance
is required—such as pump blockages, sensor malfunctions, or prolonged data
anomalies. These alerts are delivered via the Node-RED dashboard and can be
extended to channels such as email or SMS.

By integrating loT technologies, LoRa communication, MQTT, artificial
intelligence, and automation, the project proposes an intelligent, sustainable, and
highly efficient solution for managing carbon sequestration and monetizing it through

carbon credits from algae-based Blue Carbon systems.
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PO AN TONG HQP
TRANG 1

CHUONG 1.GIOI THIEU CHUNG VE PE TAI

1.1 Tong quan vé dé tai

Trong bbi canh bién ddi khi hau ngay cang nghiém trong, viéc giam phat thai khi
nha kinh va tién t6i trung hoa carbon trg thanh mot muc tiéu cap thiét mang tinh toan
cau. Carbon credit (tin chi carbon) ra doi nhu mét co ché thi trudng nham khuyén
khich céc t6 chirc va qudc gia dau tu vao cac hoat dong hap thy hodc giam phat thai
CO:. Nhu cau vé carbon credit dang ngdy cang gia ting, dic biét tai cac nudc phat
trién va cac doanh nghiép cam két Net Zero, tao ra tiém ning 16n cho cac giai phap
hép thu carbon sinh hoc.

Trong sb céac gidi phap ty nhién, Blue Carbon — tirc carbon dugc hép thu va luu triv
trong cac hé sinh thai bién ven b nhu rimg ngap man, ¢o bién va vi tio — dang nhan
duoc su quan tdm dac biét nho hiéu qua vuot trdi trong viée co 1ap carbon lau dai.
Trong d6, vi tao (microalgae) ndi bat 1a sinh vat c6 tc d6 quang hop nhanh, kha ning
hép thu CO: cao, va c6 thé nudi tréng trén dién tich nho, linh hoat véi cac diéu kién
moi trudng ven bién.

Tuy nhién, dé khai thac hiéu qua tiém ning nay, can ap dung ty dong hoa va cac cong
nghé thong minh trong qué trinh nudi trong. Viéc stir dung cam bién IoT, mang truyén
thong khong day (nhu LoRa), nén tang MQTT va thuat toan Al khong chi giup theo
ddi chinh xac cac thong s6 mdi trudng ma con cho phép diéu chinh ty dong luong
dinh dudng va nude bd sung, dam bao diéu kién tdi wu cho vi tao phat trién va hap
thu carbon hi¢u qua.

Bén canh d6, hé thong con co thé tich hop cac canh bao thong minh, gitp phat hién
som sy ¢b va 1én ké hoach béo tri chii dong, tir d6 giam thiéu rui ro van hanh va t6i
uu hoa chi phi. Tat ca nhitng diéu ndy md ra hudng di méi trong viéc xay dung nong
trai vi tio thong minh, gop phan thyc hién muc tiéu kinh té tuan hoan va phat trién

bén viing thong qua thi truong carbon xanh.

NONG TRAI VI TAO THONG MINH PE LUU TRU
CARBON XANH



PO AN TONG HQP
TRANG 2

1.2 Muc dich nghién ctru

Muc dich cia dé tai 14 thiét ké va xay dung mot hé théng nong trai vi tio thong
minh, tng dung cong nghé IoT va tri tué nhan tao nham tdi vu héa kha ning hap thu
CO: ctia vi tao trong hé sinh thai Blue Carbon, qua dé tao nén tang cho viéc tinh toan
va thuvong mai hoa carbon credit.

Cu thé, dé tai tap trung vao cac muc tiéu sau:

Ung dung truyén thong LoRa dé thu thap dir liéu moi truong tir khu vuc nudi trong
ven bién dén tram trung tim mot cach 6n dinh, tiét kiém nang luong va phu hop véi
diéu kién thyc té.

Xay dung hé thong giam sat va diéu khién tir xa thong qua giao thitc MQTT va nén
tang Node-RED dé hién thi dit liéu va diéu phdi hoat dong.

Tich hop céc thuat toan du doan (predictive AI) nham ty dong diéu chinh luong dinh
dudng va nudc cap cho vi tao, toi uu hoa diéu kién sinh trudong va hiéu suat hap thu
carbon.

Phat trién hé thong canh bao thong minh va tu chan doan tinh trang thiét bi, giup phat
hién sém céc su ¢d va hd tro cong tac bao tri chu dong.

Gop phan xdy dyng mo hinh quan 1y carbon xanh hiéu qua, md ra tiém niang phat

trién kinh té tuan hoan va déng goép vao nd luc giam phét thai toan cau.

1.3 Péi twong nghién ctru

Déi twong nghién ctru ciia dé tai 14 hé thong nudi trong vi tao thong minh Gng
dung cong nghé IoT va tri tué nhan tao trong mdi trudng ven bién, nham t6i wu hoa

kha nang hép thu CO:2 phuc vu cho viéc tao ra carbon credit.
Cu thé, cac ddi tuong nghién ctru bao gém:

1. Vi tao (microalgae) — sinh vat quang hop c6 kha nang hap thu CO: cao, duoc

nudi trong trong di€u kién ban tu nhién ven bién.

NONG TRAI VI TAO THONG MINH PE LUU TRU
CARBON XANH
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2. Céhc cam bién va thiét bj do ludng méi truong nhu pH, do duc, nhiét do, khi
gas... phuc vu viéc thu thap dir li¢u thoi gian thyc.

3. Vi diéu khién ESP32 va module LoRa — dung dé thu thap va truyén dir liéu
tir khu vuc nudi vi tao vé trung tdm xir 1y.

4. Hé théng truyén thong MQTT va nén tang Node-RED — dung dé giam sat,
hién thi va diéu phdi dit liéu tir xa.

5. Thuat toan tri tué nhén tao (AI) — ap dung dé du doan va tdi wu viéc cip phat
dinh dudng va nudc cho vi tdo theo thoi gian thue.

6. Céac co ché canh bao va chan doan hé théng tu dong — gitp dam bdo tinh on

dinh va phat hién su cd kip thoi trong qua trinh van hanh.
1.3.1 Ly thuyét tri tué nhan tao trong du doan va toi vu héa

1.3.1.1 Céc thuat toan hoc may phd bién

Céc thudt toan hoc may nhu hdi quy tuyén tinh, cay quyét dinh (decision tree), mang
no-ron nhan tao (ANN), va hoc sau (deep learning) duoc sir dung dé phan tich dir liéu
va dy doan cac yéu té anh huong dén sy phat trién cta vi tao. Viéc ap dung cac thuat

todn nay gitp toi uu hda qué trinh nuoi trong va nang cao hi¢u suat san xuat.
1.3.1.2 Xirly va phéan tich dir liéu cim bien

Dit lidu tir cac cam bién duge thu thap va xir Iy dé xac dinh cac mau va xu hudng, tir
do dua ra cac quyét dinh to1 uvu vé diéu kién nuoi trong vi tdo. Viéc phan tich dir lidu
giup phat hién sdém céc van dé va diéu chinh kip thoi, tir d6 nang cao hi¢u qua san

Xuat.
1.3.1.3 Ung dung AI trong diéu khién tw dong va du doan nhu ciu dinh dudng

Al gitp dy doan nhu cu dinh dudng va diéu chinh cac tham s6 nudi trong nhu pH,
nhiét do, do duc, néng d6 CO- dé t6i wu hoa su phat trién ctia vi tao. Viéc ap dung Al

gitp nang cao hi¢u suat san xuat va giam thi€u lang phi tai nguyén.
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1.3.2 Ly thuyét Internet van vat (IoT) trong giAm sat moi trudng
1.3.2.1 Kién tric hé thong IoT trong nudi trong vi tio

Hé thong IoT trong nudi trong vi tao bao gdm cac cam bién do ludng cac thong sb
moi truong nhu pH, nhiét do, do duc, néng d6 CO-, két ndi véi cac vi diéu khién nhu
ESP32 dé thu thap va truyén tai dir liéu. Dir liéu thu thap duoc co thé duoc st dung

dé gidm sat va diéu khién qué trinh nuoi trong.

Microalgae
Cultivation

Harvesting/Extraction
of Microalgae

Uttrasonic
level senscr

Cowd
2] Database

4= Water level |

Microcontrolier Pump control

Flotation System

Fresh Culture medium
Storage Tank

Thyy
'

Chemicals/Solvents
Storage Tank

Hinh 1.1: M6 hinh nubi vi tdo quy mo cong nghiép

1.3.2.2 Ung dung IoT trong giam sat va diéu khién tw dong

Heé thong ToT cho phép giam sat lién tuc cac thong sé moi trudng va diéu khién ty
dong cac thiét bi nhu may bom, dén LED, hé thong cap dinh dudng, giup duy tri diéu
kién t6i wu cho vi tao phét trién. Diéu nay khong chi nang cao hiéu suit nudi trong

ma con giam thiéu lang phi tai nguyén.
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1.3.3 Ly thuyét diéu khién ty dong (Automatic Dosing and Control)

1.3.3.1 Nguyén ly diéu khién vong kin (feedback control)

Hé thdng diéu khién tu dong str dung nguyén 1y vong kin, trong d6 cac cam bién lién
tuc do ludng cac thong s6 moi trudong va gui dir liéu vé bo diéu khién trung tim. Bo
diéu khién xtr 1y dit liéu va diéu chinh céc thiét bi dau ra nhu may bom, hé théng cap

dinh dudng dé duy tri diéu kién tdi wu cho vi tio phat trién.
1.3.3.2 Cac phwong phap diéu khién pho bién trong néng nghiép

Céc phuong phap diéu khién nhu diéu khién PID (Proportional-Integral-Derivative),
diéu khién mo (fuzzy logic), va diéu khién dya trén mé hinh (model-based control)
dugc ap dung trong nong nghiép dé tdi wu hoa qua trinh san xuit. Viéc lya chon
phuong phap diéu khién phul hop giup nang cao hiéu qua san xuat va giam thiéu ling

phi tai nguyén.
1.3.3.3 Ung dung diéu khién tw dong trong cip phat dinh dudng va nwéc

Hé thong diéu khién ty dong giup cap phat dinh dudng va nudc mot cach chinh xéc,
giam thiéu lang phi va dam bao vi tao nhan du dinh dudng can thiét cho sy phat trién.
Viéc diéu chinh ty dong gitip duy tri diéu kién tdi wu cho vi tao phat trién, tir 46 nang

cao hiu suat san xuat.

1.3.4 Giao thirc MQTT: Céu tric va Hiéu suét
1.3.4.1 MQTT la gi?

MQTT la mét giao thic nhén tin nhe, dugc thiét ké cho cac ung dung M2M (Machine-
to-Machine) va [oT (Internet of Things), dac bi¢t phu hop vdi cac moi trudng co bang

thong thép, do tré cao va két ndi khong 6n dinh. Giao thirc nay hoat dong dua trén
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mo hinh publish/subscribe (cong bd/ding ky), trong d6 cac thiét bi (clients) guri
(publish) va nhan (subscribe) thong tin thong qua mdt trung gian goi l1a broker. MQTT
dugc phat trién 1an dau tién vao nam 1999 bai Andy Stanford-Clark (IBM) va Arlen
Nipper (Arcom) v6i muc tiéu giam sat duong 6ng din dau qua vé tinh. Giao thirc nay

sau do duoc chuin hoa bai OASIS va ISO vao nam 2014.

1.3.4.2 Nguyén ly hoat dong

MQTT str dung m6 hinh publish/subscribe, trong do:
« Publisher: Thiét bi giri thong tin (vi du: cam bién nhiét do).
« Subscriber: Thiét bi nhan thong tin (vi du: hé thong diéu khién).
« Broker: May chu trung gian quan 1y viéc phan phdi thong tin giita publisher

va subscriber

I AMPLIFY

Temperature
sensor
MQTT API NosQL
o Builder | MB#% | pp
Broker
Motion

sensor

HTTPS and/or MQTT

Mobile device Computer

Moisture
sensor

Hinh 1.2: MQTT trong 10T
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Céc thong tin duoc gui dudi dang "messages" dén cac "topics" cu thé. Vi du, mot
cam bién nhi¢t do co6 thé gui dir liéu dén topic sensors/temperature. Cac subscriber

quan tim dén topic nay s& nhan duogc théng tin tuong tng.

1.3.4.3 Uu diém caa MQTT

« Tiét kiém bing thong: Giao thic nhe, st dung it tai nguyén mang.
« Tiét kiém ning lwong: Phu hop cho cac thiét bi hoat dong bang pin.
« Do tin cdy cao: Ho trg ba mic d6 Quality of Service (QoS):

o QoS 0: Giri mot 1an, khong dam bao nhan.

o Q0S 1: Giri it nhat mot 1an, c6 thé trung lap.

o Q0S 2: Giri ding mot lan, khong trung lap.
« K&t ndi lién tuc: HJ tro két ndi lién tuc, giam dg tré.

« Kha niing mé rong: HS tro hang tridu két ndi dong thoi.

1.3.4.4 Nhuwoc diém caa MQTT

« Phu thudc vao broker: Néu broker gip su cd, toan bo hé thong co thé bi anh
huong.

« Khong hd trg' multicast: Khong phu hop cho cac ing dung can phat song
thong tin dén nhiéu thiét bi.

« Yéu ciu bao mat: Can cau hinh bao mat (TLS/SSL) dé dam bao an toan thong

tin.

1.3.4.5 Ung dung thuec té

e Nha thong minh: Diéu khién anh sang, nhi¢t do, an ninh.
« Nong nghiép thong minh: Giam sat va diéu khién hé thng tudi tiéu, nhiét
do, do am.

« Y té: Theo ddi sirc khoe bénh nhan tir xa.
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« Giao thong: Giam sat va diéu khién hé théng dén tin hiéu, giao thong thong
minh
1.3.4.6 Cau triic goi tin MQTT

MQTT Packet Size

Fixed Header Variable Header Payload

Remaining Length

ERuuo ik eede (Length of Variable

Header + Payload)
Packet Type Flag
(4 Bits) (4 bits)
1Byte 1-4 Bytes N Bytes N Bytes I
]
Always Present Variable Size. Not Variable Size. Not
Always Present. Size Always Present.
Depends on Contains the Data
Message Type. Being Sent.

Hinh 1.3: Céu triic ciia mdt géi tin
Goi tin MQTT bao gom ba phan chinh:
« Fixed Header: 1 byte
« Remaining Length: 1-4 bytes
« Variable Header va Payload: Kich thudc thay doi tuy theo loai goi tin va dir
liéu, Vi du, mot goi tin PUBLISH v&i payload 128 bytes sé& co tong kich thudc
khoang 140 bytes, bao gdm ca overhead ctia TCP/IP va MQTT .
1.3.4.7 P tré va hiéu suit cia MQTT

« Do tré trung binh: Khoang 2-3 ms ddi v4i goi tin nho (dudi 1 KB)
« Do tré P99: Dudi 10 ms ddi vai goi tin nhod
« Téc @) truyén tai: C6 thé dat 200.000—-500.000 tin nhin mdi gidy véi cac
broker nhu EMQX va NanoMQ
1.3.4.8 Bang thong va tiéu thu tai nguyén

o Tiéu thu bing théng: Khoang 64—128 bytes cho mdi goi tin, ty thudc vao

kich thudc payload va mirc QoS
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« Tiéu thu CPU: Khoang 70-90% véi tai cao (40.000-60.000 tin nhin mdi
gidy)
o Tiéu thu by nhé: Khoang 6-10% véi tai cao
1.3.4.9 Hiéu suit ciia cic MQTT Broker

MJi broker c6 mot thé manh riéng bao gdm tinh mién phi, sy da dang trong cach st
dung va luu luong truy cép , cling nhu cac tinh ning bao mat va tc d6 nhanh hay
cham.

General-
HiveMQ
Open Source Commercial Cloud-Managed purpose
Enterprise

MQTT Broker

MQTT Brokers MQTT- Brokers MQTT Brokers messaging

brokers

Scalability ¢) D @ b o
Security D 9 @ <& o
Resilience e D @ D @
Agility D D D D @
Observability 2 D D D @
Availability ® D <& <@ @
Usability ® <@ @ & @
Extensibility D D D D ®

Hinh 1.4: Bang thong ké thé manh ciia tirng broker MQTT

1.3.5 LoRala gi?

LoRa (viét tit cua Long Range) 1a mot k§ thuat didu ché song vo tuyén st dung
phuong phap Chirp Spread Spectrum (CSS), duoc phat trién dé truyén tai dir liéu ¢

khoang cach xa véi mirc tiéu thy ning luong thap. LoRa duoc sir dung trong cac mang
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LPWAN (Low Power Wide Area Network), phu hop cho céc tng dung IoT yéu cau

két no1 On dinh, tiét kiém ndng lugng va c6 pham vi rong.

lll I.:IJ: ¢

N
Monitoring -
Control T ocal
o

Prediction Control Center  HEHHHHH

Application
Servers

if

Application
Layer

o0
NB-loT | : : ﬁ o
» ’ Communication

Network
Layer

2202
vee

A © @ ™1

Sensors & Actuators
Layer

—
—
=~z
—
—
N
—
—
x>
(L1}

Actuator

‘\\\ (=) rtiO) e (=) Farm
% ﬁ Ii Perception
@ o 1 Layer

Hinh 1.5: Pham vi phi song da dang ciia LoRa
1.3.5.1 Lich sir va Muc dich Phat trién

« 2009: Hai k¥ su ngudi Phap, Nicolas Sornin va Olivier Seller, bat dau nghién
clru va phat trién cong nghé LoRa nham tao ra mot phwong phap truyén thong
v tuyén c6 pham vi xa va tiéu thu nang luong thap.

« 2010: Ho thanh lap cong ty Cycleo cung v6i Frangois Sforza dé thuong mai
hoa cong nghé nay, nham dén nganh coéng nghiép do ludng (metering) nhu do

dién, nudc va gas.
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« 2012: Cong ty Semtech cuia My dd mua lai Cycleo va tiép tuc phat trién cong
nghé LoRa, dng thoi chuan hoa giao thirc mang LoRaWAN dé h tro két ndi
mang rong lén cho céc thiét bi loT.

o 2015: LoRa Alliance dugc thanh 1ap nhu mot t chirc phi lgi nhuan nham thac
day va chuan hoa cong nghé LoRaWAN trén toan cau.

1.3.5.2 Muc dich Phat trién

LoRa duoc thiét ké dé giai quyét cac van dé sau trong cac tng dung IoT:

« Tiét kiém ning luong: Cho phép cac thiét bi hoat dong trong thoi gian dai ma
khong can thay pin hodc sac lai thuong xuyén.

e Pham vi truyén rong: Co thé truyén tai dir liéu & khoang cach 1én dén 10 km
trong moi truong do thi va 30 km trong moi truong ndong thon.

« Chi phi thip: Khong yéu cau gidy phép tan s, gitip giam chi phi trién khai
mang.

o Khéanang mé rong: HO tro hang triéu thiét bi két ndi trong mdt mang duy nhét.

« Do tin cdy cao: Kha ning chong nhidu tot, dam bao truyén tai dit liéu on dinh.

1.3.5.3 Vai tro trong hé thong IoT

LoRa d6ng vai trd quan trong trong viéc két ndi cac thiét bi IoT trong cac linh vuc
nhu:
o Nong nghi€p thong minh: Giam sat do am dat, nhiét do, va cac yéu t6 moi
truong khac dé t6i wu hoa viée tudi tiéu va cham soc cdy trong.
o Thanh phd thong minh: Quén 1y giao thong, chiéu sang cong cong, va thu gom
rac thai hiéu qua.

ou
e g

Access control ﬁ
Measurement %

Hydiology  alBe

Position

Meteorological -¥

LoRa Gateway
Electricity meter @ Web browsing positioning
management system

Sensor Internal Network
LoRa Node
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Hinh 1.6: Tinh twong thich ciia LoRa
« Co s ha ting thong minh: Giam sat va diéu khién céc thiét bi nhu dén duong,
tram bién 4ap, va cac thiét bi cong nghiép khac.
o Theo doi tai san: Giam sat vi tri va tinh trang ctia hang héa, phuong ti€n van
chuyén, va thiét bi di dong.
1.3.5.4 Tan sb hoat dong

« Biing tin ISM: LoRa hoat dong trong cac bang tin ISM khong can gidy phép,
pho bién nhu:
o 433 MHz: Phé bién & chau A.
o 868 MHz: Pho bién & chau Au.
o 915 MHz: Pho bién & Bic My.
1.3.5.5 Bang thong (Bandwidth)

« LoRa hd trg ba mirc bing thong chinh:
o 125 KkHz: Pho bién nhét, can bang gitta pham vi va toc do truyén.
o 250 kHz: Tang toc d6 truyén, giam pham vi.
o 500 kHz: Tdc d6 truyén cao nhat, pham vi ngin nhat.

1.3.5.6 H@ so trai (Spreading Factor - SF)

o SF la s6 luong chu ky chirp dugc sir dung dé ma hoa mot bit dit liéu. Cac gia
trj SF pho bién tir SF7 dén SF12.
« SF cang cao, pham vi truyén cang xa nhung toc do truyén cang cham.
e Vidu:
o SF7: Téc d6 truyén cao (~5.341 kbps), pham vi ngan.
o SF12: Téc d6 truyén thap (~0.293 kbps), pham vi xa.
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Comparison of LoRa Spreading Factors: SF 7 to SF 12
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Hinh 1.7: HE so trai cia Lora tir 7-12 bieu dién trén mien tan so

1.3.5.7 Téc d truyén (Data Rate)

« Tbc dd truyén phu thudc vao SF va bang thong. Toc do truyén co thé thay doi
tir 0.293 kbps dén 5.341 Kbps.
« Tbc d6 truyén cang cao, thoi gian truyén cang ngin, tiét kiém ning lvong hon.

1.3.5.8 D¢ nhay thu (Receiver Sensitivity)

« LoRa c6 kha niang nhan tin hiéu yéu dén -148 dBm, cho phép truyén tin hiéu
& khoang cach xa ma khong can tang cong suat phat.

1.3.5.9 Cong suat phat (Transmit Power)

« LoRa cho phép diéu chinh cong suét phat tir 14 dBm dén 20 dBm, gitp tdi uu

hoa pham vi truyén va tiét kiém nang luong.
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1.4 Pham vi nghién ctru

Pé tai tap trung nghién ctru va trién khai mot mo hinh ndng trai vi tao thong minh

tmg dung cong nghé IoT va tri tué nhan tao trong diéu kién moi truong ven bién.

Pham vi nghién ctru dugce gidi han trong cac khia canh sau:

1.

Mai truong nudi trong: nghién ciru trién khai moé hinh trong quy mé thi diém
ngoai troi, gﬁn bo bién, noi co diéu kién nhiét d6 va d6 man tu nhién.

Loai tao: tap trung vao mot sb loai vi tao c6 kha ning hip thu CO: cao nhu
Spirulina, Chlorella va Nannochloropsis. Cac loai nay duoc chon dua trén toc
d6 sinh truong, hiéu sut quang hop, kha ning thich nghi méi trudng va tiém
ning tao sinh khdi 16n.

Pho 4nh sang: danh gia anh hudng cua cac phd anh sang khac nhau (anh sang
mit troi tu nhién, phd LED tring, do, xanh dwong) dén téc d6 phat trién va
hiéu suat hap thy CO: ciia vi tao trong diéu kién thi nghiém va ngoai troi.
Cam bién va truyén dir li€u: st dung céc loai cam bién do pH, do duc, néng
d6 khi gas (CO-), nhiét o, do am moi trudong, cung voi hé théng truyén thong
LoRa va nén tang MQTT dé truyén dir liéu tir ving nudi trong vé tram diéu
khién trung tam.

Diéu khién tu dong: gi6i han trong pham vi diéu chinh luu lugng dinh dudng
va nude bd sung dua trén thuat toan du doan tur dir liéu cam bién. Hé théng

chua mé rong sang di¢u khién anh sang hodc nhiét d¢ nhan tao.
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1.4.1 Ly thuyét hip thu CO: ciia vi tdo

1.4.1.1 Co ché quang hop va hap thu CO, cda vi tdo

\ ir'f’. s & //

CO, fixation

Metabolic||processes

4
Carbohydrates, Proteins, Lipids

|

Biofuels
(Bio-oils, Bio-diesel, Bio-ethanol, Bio-hydrogen, Bio-gas)

Hinh 1.8: Qua trinh hdp thu CO2 ciia cac loi tdo
Qua trinh quang hgp & vi tdo 1a mot chudi phan g sinh hoa phirc tap, trong do
ning luong anh sang dugc hip thu béi cac sic to quang hop nhu chlorophyll a va b,
carotenoids, va phycobilins. Nang lugng nay dugc st dung dé chuyén d6i CO: va

H:O thanh glucose va oxy. Phuong trinh tong quat cta quang hop 1a:

6C02+6H20+ NANG LUONG ANH SANG —»C6H1206+602 (1)
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Qua trinh nay khong chi gitip vi tdo sinh trudng ma con dong vai tro quan trong trong
viéc giam lugng CO: trong khi quyén, gop phan vao viéc chong bién doi khi hau.

1.4.1.2 So sanh kha niing hap thu CO, giiba cac loai vi tao

Kha ning hap thu CO: cua vi tdo phu thudc vao nhiéu yéu td, bao gdm loai tao,
diéu kién méi trudng va phuong phap nudi trong. Cac loai nhu Nannochloropsis va
Chlorella dugc biét dén v6i kha ning hap thu CO: cao va tdc do sinh truong nhanh.
Viéc Iua chon loai tao phul hop 14 yéu té quyét dinh trong viéc toi uu hoa qua trinh
hap thu COs.
1.4.1.3 Ung dung trong giam thiéu khi nha kinh

Viéc st dung vi tao dé hap thy CO: 1a mét giai phap ty nhién va hiéu qua trong
viéc giam thiéu khi nha kinh. Cac hé théng nudi trong vi tao ¢ thé dugce tich hop véi
cac ngudn CO: thai tir cong nghiép, giup giam lugng khi CO: phat thai ra moi trudong
va dong thoi tao ra ngudn sinh khéi co gid tri kinh té.

e

A

M aaY%
< >
L5

\Y

— )

CO, is absorbed CA Biomass production
by the CA Metabolic e =

present in the Y b Faty acids =
microalgal cell : 2

3 —_—

Hinh 1.9: Hip thu CO2 tir phat thai nha kinh ,va thu lai diu
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1.4.2 Ly thuyét anh siang va phé quang hoc trong sinh trwéng vi tao
1.4.2.1 Vai tro ciia anh sang trong qua trinh quang hgp

Anh sang cung cip ning luong cho qua trinh quang hop cta vi tao. Cudng d6 va
chat luong 4nh sang anh hudng truc tiép dén hiéu suat quang hop va toc do sinh
treong cta vi tao. Viée diéu chinh diéu kién chiéu sang 1a can thiét dé t6i uvu hoa qua
trinh quang hop.

1.4.2.2 Anh hwéng ciia cac buéc song anh sang

Céc budc song anh sang khac nhau c6 tac dong khac nhau dén vi tao. Anh sang
do va xanh duong thuong kich thich quang hgp manh mé, trong khi 4nh sdng xanh 14
c¢6 thé anh huong dén thanh phan sinh hoa ciia vi tao. Viéc lya chon bude song phu
hop gitip t6i wu hoa hiéu sut quang hop.

Chlorophyll b

= ~A453nm

@
o

Chlorophyll a

[+2]
o

Ph i | ]
E ygoergthrn Chlorophyll b

Onm 542nm o62n

&
o

Relative absorption (percent)
N
o

Wavelength of light (nanometers)

Hinh 1.10: Cac bwéc séng anh cho tirng loai tao

1.4.2.3 T6i wu héa diéu kién chiéu sang trong nudi trong vi tao

Viéc st dung dén LED véi cac bude song phu hgp va diéu chinh cuong do anh
sang co thé gitp to1 vu hoa di€u kién chicu sang cho vi tdo, dac biét trong mdi truong
nudi trong trong nha hoac dudi mai che. Pi€u nay giup nang cao hiéu suat sinh truong

va san xuat sinh khoi cua vi tao.
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1.4.3 Ly thuyét tin chi carbon (Carbon Credit Theory)

1.4.3.1 Khai niém va co ché hoat dong ciia tin chi carbon

Tin chi carbon la don vi dai dién cho lugng CO2 dugc giam phat thai hoac héip
thu. M6t tin chi carbon twong duong véi mot tan CO: duge giam phét thai hodc hap
thu. Viéc xac dinh va chirng nhan tin chi carbon gitp ddm bao tinh minh bach va hiéu

qua cua cac du an giam phat thai.
1.4.3.2 Cac tiéu chuin va quy dinh vé tin chi carbon

Céc to chire nhu IPCC, Verra, Gold Standard cung cép céc tiéu chuan va quy dinh
dé xac dinh va chirng nhan tin chi carbon, dam bao tinh minh bach va hi€u qua cua
cac dy an giam phat thai. Viéc tuan thu cac tiéu chuan nay giup ting cuong niém tin

ctia cong ddng va nha dau tu vao cac du an tin chi carbon.
1.4.3.3 Vai tro cua nong trai vi tdo trong thi trwomg tin chi carbon

Nong trai vi tao c6 thé hap thu CO: va chuyén hoa thanh sinh khéi, tir d6 tao ra
tin chi carbon c6 thé giao dich trén thi trudng, gop phan vao viéc giam phat thai khi
nha kinh va thiic ddy phat trién bén virg. Viéc tich hop ndng trai vi tao vao thi trudng

tin chi carbon mo ra co hdi mai cho viéc phat trién kinh té xanh.
1.5 Phwong phap nghién ciru

Dé tai str dung phuong phap nghién ctru lién nganh, két hop giita mo hinh thi nghiém

thuc té va phan tich dit liéu véi sy hd tro ciia cong nghé hién dai. Cu thé:

1. Nghién ciru tai liéu
Tham khao cac nghién ctru trude ddy vé vi tao va kha ning hap thy COz nhu cong
trinh caa Chisti (2007) vé sinh khdi va nhién liéu sinh hoc tir vi tao, hay nghién ctru

ctia Gao et al. (2018) vé anh hudng cia anh sang va dinh dudng dén téc do quang
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hop. Ngoai ra, d8 tai ciing tham khao cac mé hinh tmg dung cong nghé IoT trong
ndéng nghiép chinh x4ac nhu nghién ctru ctia Zhang et al. (2017) va Kumar et al.
(2020).

2. Phwong phap thuc nghiém
Thiét 14p hé thdng nudi trong vi tao thue nghiém ngoai troi véi cac bé nudi doc 1ap
chtra cac loai vi tao khac nhau nhu Chlorella, Spirulina va Nannochloropsis. Mdi bé
duogc trang bi cam bién do pH, nhi¢t 49, do duc, va CO.. H¢ théng truyén dir liéu st
dung ESP32 va LoRa dé guri dir liéu vé trung tam xir 1y.

3. Phan tich dir li€éu méi truong
Dir liéu tir cac cam bién duoc thu thap qua MQTT, hién thi va luu tri¥ trén nén tang
Node-RED. Phan tich théng ké duoc thuc hién dé xac dinh mdi lién hé gitra cac yéu
t6 moi trudng (4nh sang, pH, dinh dudng) vai tbe do phat trién cua tao va kha ning
hép thu CO..

4. Ung dung tri tué nhan tao (AI)
Ap dung cac md hinh dy doan nhu hdi quy tuyén tinh, cay quyét dinh va mang no-
ron don gian (ANN) dé du doan nhu ciu dinh dudng ciia vi tao theo thoi gian. Két
qua du doan duoc str dung dé diéu khién hé thong bom dinh dudng va nudc bd
sung hoan toan ty dong, dya trén mo hinh hoc may giéng véi phuong phép trong
nghién ctru cua Patel et al. (2021).

5. Mo phong va danh gia hi¢u qua
St dung phan mém nhu MATLAB hoic Python dé mo phong céc kich ban van
hanh khac nhau. Panh gia hiéu qua hip thu CO: dugc thuc hién bang cach tinh toan
t6ng khoi lugng CO: cb dinh qua sinh khdi tao ra, tir d6 wdc luong tiém ning tin

chi carbon.
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CHUONG 2. THIET KE NONG TRAI VI TAO THONG
MINH PE LUU TRU CARBON XANH

2.1 Kién tric tong quat
Hé théng gom hai vi diéu khién ESP32:

« Mot ESP32-S3 A (WeAct) dong vai trod thiét bj Master.
« Mot ESP32 thong thudng lam thiét bi Slave.

Hai vi diéu khién nay giao tiép v6i nhau qua LoRa, trong dé:

o ESP32 Slave thu thap dit li€u tir cac cam bién (pH, d0 duc, khi,...), ma hoa
dir liéu va truyén di qua LoRa.
« [ESP32-S3 Master nhén dit liéu tir Slave, xir Iy va truyén tiép dir liéu 1én may

chu MQTT thong qua két néi Wi-Fi.
2.1.1 Vai tro clia cac thanh phan

ESP32 Slave:

« La thiét bi ngoai vi, c6 thé dit ¢ cac diém do xa.

« C0 thé hoat dong v6i nang luong thap, truyén dit liéu dinh ky.

« Sir dung module LoRa (vi du SX1278) d¢ gtri dit liéu dang chudi (c6 thé 1a
JSON hoic dinh dang don gian) dén Master.

ESP32-S3 Master (WeAct):

o La trung tdm xur ly cua phia phat.

« Nhan dit liéu LoRa tir nhiéu Slave néu can.

« Két ndi Wi-Fi, str dung giao thtc MQTT dé truyén dir liéu 1én MQTT Broker
(vi du Mosquitto trén dia chi IP ndi by 192.168.1.6, port 1883).
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2.1.2

2.1.3

Giao tiép LoRa

Giao tiép khong day tam xa, hoat dong & bang tan 433 MHz, 868 MHz hoic 915
MHz (tiy quéc gia).

Giao tiép LoRa giita Slave va Master 1a diém-diém hodc nhiéu diém dén mot diém
trung tam.

Truyén dit liéu c6 d6 tré thip nhung tdc do truyén khong cao.
Giao tiép MQTT

Sau khi nhan dir liéu tir LoRa, ESP32 Master st dung Wi-Fi dé két ndi dén
MQTT Broker.
Str dung thu vién PubSubClient . h dé publish dit liéu Ién céac topic cu thé

(vidu: sensor/ph, sensor/turbidity,...).

2.2 THIET KE CHI TIET PHIA PHAT

2.2.1

ESP32-S3 Master (WeAct):

La trung tdm xu ly cia phia phat.

Nhan dit liéu LoRa tir nhiéu Slave néu can.

Két ndi Wi-Fi, str dung giao thirc MQTT dé truyén dir liéu 1én MQTT Broker
(vi du Mosquitto trén dia chi IP noi1 by 192.168.1.6, port 1883).

Bang 2.1: Thong sb ciia ESP32-S3-DEV MODULE (WEACT)

Théng sé Gid tri

Vi xw ly Tensilica Xtensa LX7 dual-core (240 MHz)

RAM 512 KB SRAM ndi, h trg¢ PSRAM ngoai (1én t5i SMB)
Flash 4MB hodc 8MB (tuy phién ban)

Wi-Fi 2.4 GHz IEEE 802.11 b/g/n

Bluetooth BLE 5.0
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GPIO Téi da 45 chan GPIO
ADC 2 X ADC 12-bit (t6i da 20 kénh)

Giao tiép ngoaivi | SPI, 12C, UART, I12S, PWM, USB OTG, RMT,...
bién dp hoat dong | 3.3V
bién dp vao 5V thong qua cong USB-C hoic pin VIN

—N\,— PWM Capable Pin
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General Purpose Input and Output
MTDO
: JTAG for Debugging and/or USB

(73 {o' @ ADC1_CH3FSPICLK
(Vi@ ADC1_CH4 FSPID | GPIO5

Analog-to-Digital Converter
Serial for Debug/Programming

Ground Plane

=, [l v

I v

26 Power Rails (3V3, 5V, Battery)
G Strapping Pin Functions

Tl

Fast SPI Functions

Hinh 2.1 : Pinout ciia ESP32-SE-DEVMODULE (WEACT)

2.2.2 Giao tiép LoRa

« Giao tiép khong day tim xa, hoat dong & bang tan 433 MHz, 868 MHz hoic
915 MHz (tuy quéc gia).

« Giao tiép LoRa giita Slave va Master 1a diém-diém hodc nhiéu diém dén mot
diém trung tam.

o Truyén dir liéu c6 do tré thap nhung tdc do truyén khong cao.
2.2.3 Giao tiép MQTT

o Sau khi nhan dir li€u tir LoRa, ESP32 Master str dung Wi-Fi dé két ndi dén
MQTT Broker.
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« Sir dung thu vién PubSubClient.h dé publish dit liéu 1én céc topic cu thé (vi
du: sensor/ph, sensor/turbidity,...).

« MQTT la giao thtrc nhe, pht hop véi hé théng nhing.

2.3 THIET KE CHI TIET PHIA THU

Phia thu trong hé théng gdbm mot bo mach ESP32 déng vai trd 13 thiét bj slave.
Thiét bi ndy c6 nhiém vy thu thap dir liéu tir cic cam bién mai trudng va truyén cic
dir lidu nay dén thiét bi master thong qua giao tiép LoRa. Cau trac phan ciing phia

thu bao gom:
2.3.1 ESP-WROOM-32

« Vi diéu khién: Tensilica Xtensa LX6 Dual-core

« Téc d xung nhip: 1én dén 240 MHz

o B0 nhé RAM: 520 KB SRAM

o Flash: 4 MB (thuong)

« Giao tiép hd tro: UART, SPI, 12C, ADC, DAC, PWM

« Tinh ning ndi bat: Wi-Fi, Bluetooth BLE, GPIO da chirc ning
ESP32 nay chiu trach nhiém:

e Thu dit liéu cam bién tir cac chan analog (GPIO)

o Gui dit liéu da thu thap qua LoRa dén thiét bi master

®
°
INPUT ONLY| °
°
°
INPUT ONLY| °
°
°
| DAC_1| °
°
°
°
[HSPI_MISO[TOUCHS ° TouCH2)
[HSPI_MOSI[TOUCH4| ° TOUCH3|HSPL_CSO}
o
WPOowWER WipAc SYSTEM ~PWM -
Mo WANALOG [ uarT ISP dlentunhattung.com
Mepio PIN WToucH RTC_IO W

Hinh 2.2 : ESP32-WROOM 2 DEVMODULE PIN OUT
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2.3.2 Cam bién d§ duc nuéc — DFRobot Gravity: Analog Turbidity Sensor

Ngudn hoat dong: 5V DC

Tin hiéu diu ra: Analog

Dai do: 0 ~ 1000 NTU (Tuy vao hiéu chuin)

Két néi: Day 3 chan: VCC, GND, Signal

Pic diém: Pugc thiét ké dé do mirc d6 duc cia nuée, st dung nguyén 1y tan

xa anh sang.

Chén tin hiéu thuong duoc két ndi dén mot chan ADC ctia ESP32 (vi du: GPIO4).

Hinh 2.3 : Cam bién dd duc nwéc — DFRobot Gravity: Analog Turbidity Sensor

2.3.3 Cam bién pH — DFRobot Gravity: Analog pH Sensor / Meter Kit

Ngudn hoat dong: 5V DC

Tin hiéu dau ra: Analog 0 ~ 3.0V

Do pH: tir 0 dén 14

Sai s6: +0.1 pH (tuy theo hiéu chuan)
Két ndi: Day 3 chan: VCC, GND, Signal

Chan tin hiéu ndi vao mdt chan ADC cua ESP32 (vi du: GP106).
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Hinh 2.4 : Anh thyc té ciia cam bién DRF ROBOT PH

2.3.4 Cam bién khi MQ135

« Ngudn hoat dong: 5V DC
« Tin hiéu diu ra: Analog (hoic Digital néu ding chan DO)
o Cac khi phat hién: NH3, NOx, CO2, benzene, khéi va rugu
o Thoi gian dap vwng: nhé hon 10s
« Chan két ndi: VCC, GND, AO
ESP32 s¢€ doc gia tri analog (vi du: GPIOS) tir cdm bién dé uéc lugng néng do khi.

logic . [k=igs k| LED
; ¢ Power

Regulator
threshold
logic level

Analog out
/" GND
Logic out

Hinh 2.5 : Cam bién khong khi MQ135
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