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Tom tit: S bing né nhu cau doi véi cdc ché pham y sinh chiét xudt tir rau md dang
dat ra nhirng sirc ép nang né lén cdc chudi cung ung duoc liéu. Canh tac thé nhuong boc lo
nhiéu nhiege diém chi mang, tiv sw bat én dinh trong nong dé hop chdt thir cap dén nguy co 6
nhiém kim loai ngng. Nghién ciru ndy trinh bay thiét ké, trién khai thuc nghiém va danh gid
toan dién mot nén tang thity canh mang dinh dwdéng (NFT) tich hop mang ludi Tri tué Nhan
tao Van vt (AloT). Quy trinh bdt dau bang viéc tuyén chon dong vé tinh wu tii RM14 két hop
vi nhan gié’ng. Vé mdt van hanh, hé tho”ﬁg ung dung thudt toan Mo-PID dé xir ly dir liéu cam
bién da méi truong tai bién (edge computing), tw ddng bir trir nong dé dung dich véi d vot 16
gidm 65% so vé6i PID truyén thong. Pong thoi, mé hinh thi gidc may tinh YOLOvS dwoc hudn
luyén chuyén sau dat do chinh xac mAP@00.5 lén toi 96.8% nham nhdn dién sém cdc bién
chitng sinh Iy trén ld. Két qua thue nghiém doi chitng nghiém ngdt cho thdy hé thong AloT dé
xudt dd cdi thién ndng sudt sinh khoi 1én 32.5% va tang ham lwong asiaticoside 1én 18.4% so
v&i phwong phdp trong ddt, dong thoi tiét kiém 85% lwong nudc tiéu thu. Cdc théng sé héa
sinh cia thanh phdam hoan toan déap veng tiéu chudan Thyc hanh tot trong trot va thu hdi, mé
ra gidi phap cong nghé bén vieng cho nganh céng nghiép thdo duworc.

Tir khéa: rau maé, tri tué nhan tao két néi van vdt, thuy canh mang dinh duong, diéu khién
logic mo két hop PID, thudt todn nhdn dién doi twong, nong nghiép chinh xdc, tiéu chuan dwoc liéu

I. Pit van dé sang vé kha nang kich thich nguyén phan
Loai thuc vat than thdo rau mé [a mot nguyén bao sgi, sinh tong hop collagen
sinh khé)l duoc héu mang tém quan trong Xuyén bicéu bi va bao vE than kinh (GOhll
chién luge. Cac dan Xuat triterpenoid cbt va cong su, 2020; Haida, 2024). Tuy
161 cua loai nay da dugc ching minh 1am nhién, nganh cung tng nguyén li¢u tho
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dang dung trudc nhimg nat thit nghiém
trong. Hinh théai canh tac 1§ thién trén
nén dit phu thudc vao diéu kién ty nhién
bat dinh, dan dén hién tuong dao dong
bién do 16n vé ham luong triterpenoid
(Schaneberg va cong su, 2021). Kha ning
tich lily sinh hoc thu dong cua ma khién
chting dé nhiém kim loai ning (Pb, Cd) va
chiu sy tan cong cua cac mam bénh, pha
v& cdu traic GACP-WHO (WHO, 2023;
Nasir va cong su, 2022). Nong nghiép
moi trudng co kiém soat, dic biét 1a thuy
canh, vuon lén nhu mot giai phap dap
ung tot dé triét tiéu rai ro sinh hoc va kim
loai ning (Jones, 2021). Khi két hop cing
hat nhan cong nghé AloT, m6 hinh nay
chuyén d6i trang thai giam sat vi khi hau
sang cap do ty dong hoa nhan thirc (El-
Hafyana va cfng su, 2024). Cac nghién
ctru gan day trén IEEE da khing dinh tiém
ning cua AloT trong viéc tdi wu héa tai
nguyén nong nghi¢p thong qua dién toan
bién (Wang va cdng su, 2024; Nguyen va
cong su, 2023). Du vay, viéc ing dung cac
thuat toan diéu khién phi tuyén va hoc sau
chuyén biét cho sinh 1y rau mé van con la
mot khoang trng 16n. Thay vi hudng toi
mot giai phap san xuét cong nghiép toan
dién, muc tiéu cot 16i cua nghién ctru nay
1a thiét ké va danh gia mot hé thong tich
hop quy mé thir nghiém, nham kiém soét
chit ché cac yéu t6 moi trudong anh hudng
dén chit lugng dugc lidu. Nhitng dong gop
chinh cuia bai bio bao gom: (1) Xay dung
kién trac tich hop phan ctmg va phan mém
cho hé thdng thity canh NFT dua trén nén
tang AloT; (2) Ung dung thuat toan Mo-
PID roi rac dé 6n dinh tu dong ndng do
dinh dudng (pH, EC); (3) Trién khai mo
hinh hoc sdu YOLOVS trén thiét bi bién dé
hd tro nhan dién sém bénh 1y trén 14; (4)
Panh gia budc dau hiéu qua cua hé thong
thong qua céc chi s sinh truong va ham

205

luong asiaticoside trén cay rau ma so voi
phuong phap trong dat truyén thong.

IL. Co sé 1y thuyét

2.1. Sinh tozng hop triterpenoid va
ky thudgt NFT

Qua trinh sinh tong hop triterpenoid
saponin ¢ rau ma 1a mot 1 trinh chuyén
hoa thir cip bi chi phdi manh béi cac yéu
t6 moi truong. Viéc kiém soat chinh xac
mirc d6 tham thiu qua ndng d6 ion va pH
c¢6 thé dinh hudéng cay chuyén dich ning
lwong sang tich lity hoat chit bao vé, qua
d6 hd tro ning cao chat lugng sinh khoi
huéng t6i tiéu chuan dugc. Ky thuat mang
dinh dudng cung cip mot dong vi luu lién
tuc, toi da hoa chi sb oxy hoa tan cho hé ré
chum. Viéc duy tri 6n dinh pH ¢ dai 5.6 -
5.8 1a diéu kién tién quyét dé dam bao tinh
sinh kha dung cua cac vi lugng (Fe, Mn,
Zn), ngin nglra hién tuong hoai tir mo ré
va gép phan han ché cac rui ro tap nhidm
tor moi truong (Resh, 2022).

2.2. Ly thuyét diéu khién mo-PID
va hoc sau YOLOvS

Trong mai truong thuy canh, sy thay
d6i pH va EC mang tinh phi tuyén va c6
do tré 16n. Bo diéu khién PID truyén thong
thuong that bai trong viéc bam sat diém
dat khi c6 nhidu loan. Ly thuyét Logic Mo
khic phuc diéu nay bang cach sir dung
tap luat suy luan If-Then dé ty dong diéu
chinh lién tuc cac hé sb vi phan, tich phan
va ty 1¢ (Kp, Ki, Kd) cua PID theo thoi
gian thyc (Nguyen va cong su, 2023).

D6i v6i hé théng giam sat, kién tric
YOLOVS5 giai quyét bai toan phat hién doi
tuong qua mot mang CNN don. Su t61 wru vé
kich thudc mo hinh cho phép YOLOVS thuc
thi suy luan vé6i d6 tré thap va toc do khung
hinh (FPS) cao ngay trén cac thiét bi bién.
Dic tinh nay bién YOLOV5 thanh cong cu
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Iy twrong khong chi dé chian doan bénh theo
thoi gian thue, ma con tao co sé 1ong ghép
canh bao sinh hoc vao hé thong quan 1y van
hanh tu dong (Al-Megrin, 2024).

I11. Phwong phap nghién ciru

Nham bam sat muc tiéu thuc tién,
nghién ctru thiét ké d6i ching tryc tiép giita
hé thdng thuy canh NFT-AIoT va canh tac
thd nhudng truyén thong, thay vi thiét 1ap
céc d6i chimg loai trir (ablation study) trén
cung nén tang. Thiét ké nay gitp danh gia
toan dién hiéu qua chuyén dbi sang nén
tang cong nghé cao trong viéc kiém soat rui
ro kim loai ning va bt 6n ning suat, hudng
t6i tiéu chuan duoc liéu.

3.1. Sang lpc nguén gen va khi
dong hoc NFT

Kién tric tong thé cua hé thong
(Hinh 1) st dung Gateway Raspberry Pi
4 két ndi LoORaWAN dé thu thap va xu Iy
tai bién dit liéu tr cum cam bién da méi
truong. Du an str dung dong vo tinh RM 14
vao hé thdng mang NFT uPVC (d6 dbc
1.5%). Dung dich Resh’s cai tién duogc
tuan hoan vi mé véi luu lugng 1.5 L/phut.
Birc xa quang hop tir hé théng LED toan

K
u(k) = Kye(k) + K, Z
j=0
Trong do, cac h¢ s6 duoc cap nhat
lién tuc: Kp = Kp0 + AKp, Ki = Ki0 +
AKi, Kd = Kd0 + AKd. B¢ diéu khién Mo
tiép nhan hai bién ngdn ngit du vao: Sai
s6 e(k) va Tdc @6 thay doi sai sb ec(k) =
Ae(k). Cac ham lién thuoc (Membership
Functions) dang tam gidc va hinh thang
duoc dinh nghia voi 7 tap mo: NB (Am
16n), NM (Am vira), NS (Am nho), ZE
(Khong), PS (Duong nho), PM (Duong
vira), PB (Duong 16n).

phé duoc duy tri & 330 pmol/m?/s (Hasan
va cong su, 2024).

Lép Ung dung/Mang

(Cloud / Network Layer)

Dashboard Gidm sat

. 5
Lép Bién
(Edge Layer)

., == | Thul todn Mo - PID

.

Lép Vit Iy
(Physical Layer)

i bien pH Cém bién EC - Camera giim sat

Hinh 1: So do kién triic tong thé cia hé
thong AloT
3.2. Co sé todn hoc va thiét ké bé
diéu khién mo-PID
Hé théng sir dung phuong trinh PID
roi rac cho tin hiéu diéu khién bom dinh
lugng u(k):

e(k) —e(k—1)
At

Cau trac vong kin cia bo diéu khién
lai va su phan bd cac ham lién thude cho hai
bién dau vao e(k) va ec(k) duoc thé hién trong
Hinh 2. Céu trac nay 1am co s& dé dbi chiéu
v6i Ma tran luat mo dugce thiét lap tai Bang 1.
He¢ théng st dung co ché suy ludn Mamdani
va phuong phép giai mo diém trong tam dé
Xuét ra cac gia tri AK diéu khién cac bom nhu
dong cap acid/base va dinh dudng théng qua
Gateway Raspberry Pi 4 két ndi LoORaWAN
(Zhao va cong su, 2025).



Gid tri diit pH/EC e(k)
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-
Hég 1|lfmg
Thuy canh NFT

Khéng gian nén ctia e (k) hodc ec (k)

Hinh 2: Thiét ké b¢ diéu khién Mo-PID & Ham lién thudc
Bang 1: Ma trdn Ludt Mo (Fuzzy Rule Base) cho théng sé AK

. ec (Toc A9 thay doi sai sb)

NB NM NS ZE PS PM PB
NB PB PB PM PM PS ZE ZE
NM PB PB PM PS PS ZE NS
NS PM PM PM PS ZE NS NS
ZE PM PM PS ZE NS NM NM
PS PS PS ZE NS NS NM NM
PM PS ZE NS NM NM NM NB
PB ZE ZE NM NM NM NB NB

3.3. Thudt toan hoc sdu va phdn
tich héa sinh

Dt 1iéu hinh anh 14 dugc gan nhan
thii cong qua Labellmg. Dé chdng hoc vet
khi suy luan trén thiét bi bién, tap dir liéu
duoc tang cuong (data augmentation) qua
cac k¥ thuat xoay, 1t va diéu chinh sang.
Vé danh gia chat luong, quy trinh phan
tich HPLC dinh lugng asiaticoside va do
phé hap thy nguyén tir (AAS) kiém tra
kim loai nang dugc tuan thu nghiém ngat
theo Dugc dién Viét Nam

3.4. Xur Iy s6 liéu thong ké

Céc thuc nghiém danh gia sinh truéng
v duogc tinh duge b tri theo md hinh khdi
ngau nhién hoan chinh véi 5 1an lip lai (n=5)

cho mdi nghiém thirc. Dt liéu thu thap duoc
kiém tra gia dinh vé phan phdi chudn va tinh
dong nhét ctia phuong sai trude khi phan
tich phuong sai. Sy sai khac c6 y nghia
théng ké gifra cac gia tri trung binh dugc
xac dinh thong qua kiém dinh hau nghiém
Tukey HSD v&i mirc y nghia a= 0.05. Moi
dir li¢u dinh lugng trong bao cao dugc trinh
bay dudi dang gia tri trung binh + d6 léch
chuan. Phan mém SPSS 26.0 duoc sir dung
cho toan bo cac phép thir thong ké.

IV. Két qua va thao luin

4.1. Dap wng dong hoc cua mo-
PID va hiéu nang YOLOv5

Hinh 3 minh hoa rd nét su vuot troi
vé dong hoc cua hé théng. Khi ap dung
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muc 1.5%. Nguoc lai, bo PID truyén
théng mat t&i 130s va tao ra do vot 16 1én

nhidu budc lam giam pH dung dich, bd
t61 9.8%, c6 nguy co gdy sdc tham thau

diéu khién Mo-PID thiét 1ap lai diém dat
(pH 5.8) rat nhanh véi thoi gian xac 1ap
T=45s, va do vot 16 cuc dai (M) chi & cho hé r&
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Hinh 3: Két qua thuc nghiém ddp iing budc
Bang 2 chi ra md hinh dat mAP@0.5 tong
thé 14 96.8%. Kha ning nhan dién chinh
x4c cac ddm bénh nhé (>2mm) (Hinh 4)
duoc lién két truc tiép voi nén tang quan
ly dé ty dong canh bao va dé xuat diéu
chinh do 4m vi khi hiu nham ngan chan

Pbi v6i mo hinh thi giac may tinh,

dd thj Loss hoi tu 6n dinh sau 110 epochs.
Nham hudng toi1 tinh thuyc dung, mo hinh
YOLOVSs dugc toi wu héa vai kich thuée
tham sb chi khoang 14.1 MB, dat tde do
khung hinh 24 FPS va do tré suy luan
trung binh 41ms tryc tiép trén thiét bi bién. lay lan

Bdng 2: Két qua ddnh gid hiéu nang mé hinh YOLOvSs
Lap (Class) Precision (P) Recall (R) mAP@0.5 mAP@0.5:0.95
Healthy 0.985 0.991 0.992 0.814
Cercospora Leaf Spot 0.942 0.938 0.951 0.725
Blight ’ 0.961 0.945 0.961 0.758
Trung binh (Tat cd) 0.962 0.958 0.968 0.765
Pé tryc quan hoa két qua tai Bang 2, Hinh 4a trinh bay vi du thuc té vé kha ning suy

luan ctia md hinh YOLOVS tai thiét bi bién.

Healthy 0.99

W N

Hinh 4: Nhén dién bénh thuc té bang YOLOvS



Céc ton thuong do nam Cercospora
duoc khoanh vung chinh xac véi do tin
cay cao.

4.2. Danh gia s6 ligu thuwe nghiém
nong hoc (AloT vs. canh tdac dat)

Mot thi nghiém dbi chung da
dugc thyc hién trong 75 ngay. Nghiém

209

thie thuy canh AloT dwoc dbi chiéu
voi canh tac dat truyén théng. Sé liéu
tai Bang 3 dugc phan tich phuong sai
(ANOVA), chi ra sy khac bi¢t co y
nghia thdng ké (p < 0.05) & tat ca cac
chi tiéu quan trong

Bdng 3: Bang so sanh s6 liéu thire nghiém giiva hai phirong thirc canh téc

Chi tiéu Panh gia (Thity canh AloT) (Dét - Pdi chitng) | Gia trip
Ning suét sinh khoi tuoi (kg/m?) 4.25+0.12 3.20+0.15 <0.001
Ning suit sinh khoi kho (kg/m?) 0.68 +0.03 0.49 +0.04 <0.001
Ham lugng Asiaticoside (%) 0.45+0.02 0.38 £0.03 0.004
Ham lugng Madecassoside (%) 0.52+£0.01 0.46 £0.02 0.012
Luong nudc tidu thy (L/kg sinh khoi) 125+1.1 85.0+4.5 <0.001
Du lugng Kim loai ndng (Pb, As) Khong phét hién (ND) | Tiém cén ngudng an toan -

Hé thong AloT gilip ting sinh khoi
kho 1én 38.7% va thuc ddy ham luong
asiaticoside tang 18.4%. Dang chu y, phan
tich mau tir hé thong kin khong phat hién
sy hién dién cua du lugng kim loai ndng,
qua d6 dap tmg tot cac ngudng an toan
theo quy dinh ciia Duoc dién Viét Nam va
GACP-WHO (Vietnam Pharmacopoeia,
2022; WHO, 2023). V& mit van hanh,
miac du hé théng phat sinh chi phi ning
luong cho thiét bi bién va hé théng chiéu
séng LED, nhung muec ti€u thu nay dugc
bu diap hiéu qua nho kha ning tiét kiém
luong nude 1én to1 85% va gia tdng dang
ké gi4 tri thanh pham duoc lidu.

V. Két luin

Nghién ciru di thuc thi va tham
dinh thanh cong mot giai phdp cong nghé
toan dién dé san xuét duoc liéu Centella
asiatica tinh khiét. Viéc tich hop nén tang
AloT véi bo diéu khién Mo- PID di duy
tri sw 6n dinh tuyét ddi cua dong hoc vi
luong trong hé théng NFT. Song song do,
viéc ung dung hoc sau YOLOVS tai bién
mang tao ra l6p khién sinh hoc viing chic.
S liéu thuc nghiém khang dinh hé théng

vuot trdi toan dién so véi canh tac dat vé
nang suét, néng dd duge chat triterpenoid
va kha nang tiét kiém tai nguyén, tuan thi
nghiém ngat chuan GACP-WHO. Trong
tuong lai, viéc tich hop k¥ thuat phan tich
dir lidu 16n trén Pam may dé dyu bao ning
sudt va tdi vu héa chi phi vong doi (LCC)

s& 1a hudng di thiét thuc dé thuong mai

hoa quy mo cong nghiép.
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DESIGN AND EVALUATION OF AN AIOT INTEGRATED
NUTRIENT FILM TECHNIQUE HYDROPONIC SYSTEM
FOR QUALITY CONTROL OF CENTELLA ASIATICA

Phi Van Toan'

Abstract: The booming demand for biomedical products extracted from Centella
asiatica is placing heavy pressure on medicinal supply chains. Soil-based cultivation reveals
critical drawbacks, ranging from unstable secondary metabolite concentrations to the risk
of heavy metal contamination. This study presents the design, experimental implementation,
and comprehensive evaluation of an Artificial Intelligence of Things (AloT)-integrated
Nutrient Film Technique (NFT) hydroponic platform. The protocol initiates with the selection
of the elite RM14 clone combined with micropropagation. Operationally, the system uses
a Fuzzy-PID algorithm for edge computing of multi-environmental sensor data, enabling
automated nutrient concentration compensation with 65% less overshoot than traditional
PID. Simultaneously, a highly fine-tuned YOLOv5 computer vision model achieves an
mAP@0.5 of 96.8% for the early detection of physiological leaf lesions. Rigorous controlled
experimental results indicate that the proposed AloT system improved biomass yield by
32.5% and increased asiaticoside content by 18.4% compared to soil-based methods, while
saving 85% of water consumption. The biochemical parameters of the final product meet the
standards of Good Agricultural and Collection Practices (GACP-WHQO), paving the way for
a sustainable technological solution in the herbal industry.

Keywords: centella asiatica, Artificial Intelligence of Things (AloT), Nutrient Film Technique

(NFT), Fuzzy-PID control, object detection algorithm, precision agriculture, medicinal plant
standards
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