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TOM TAT

Bai béo nay gi6i thiéu mét mé hinh giam séat va dw bao théng minh cho cay rau mé trong hé théng
thdy canh, dugc phat trién dua trén cac ky thuat Machine Learning (ML) va Deep Learning (DL). Hé
théng st dung cac cam bién loT dé thu thap di liéu thoi gian thurc vé nhiing thng s6 moi trong quan
trong nhw pH dung dich, do dan dién (EC), nhigt do, d6 &m khéng khi va cuong dé anh séang. D liéu
sau dé duoc truyén 1én nén tang dam may, noi cac mé hinh ML va DL tién hanh xt ly, phén tich va dw
bédo. Piém méi ctia nghién ctru la 1&n dau tién 4p dung déng thoi céc mé hinh héi quy, phan loai va
chubi thoi gian (RNN/LSTM) cho rau ma thiy canh, nham dy doan bién dong cta cac thong s6 moi
triong va danh gia tinh trang sinh truong cua cdy. Ngoai ra, hé théng con hé tro cédnh bao sém va dua
ra khuyen nghi hodc diéu khién tw déng, gép phén néng cao hiéu qué canh tac, cai thién chét lvong
sén pham va téi wu héa viéc str dung tai nguyén so véi phuwong phép thay canh truyén théng.

Tw khéa: Thay canh, cam bién, Internet Van vat, di¥ liéu thoi gian thuee, Tri tué nhén tao, Hoc may,
Hoc séau.

1. GIOI THIEU
1.1 B6i canh va tinh céap thiét

thiét phai trng dung cac cdng nghé tién tién nham
nang cao nang suét va chat lwong cay rau ma.

Trong bdi canh bién dbi khi hau, suy giam
dién tich d4t néng nghiép va nhu ciu ngay cang
tang vé thwc pham sach, bén virng, cac mé hinh
canh tdc méi ndi 1én nhw mét gidi phap quan
trong. Thay canh (hydroponics) da dwoc chirng
minh [a mdt phwong phap canh tac tién tién, co
kha n&ng tiét kiém nudc téi 90%, giam phu thudc
vao dét canh tac, kiém soat dwo'c méi trwdng sinh
trwdng va han ché téi da viéc st dung thubc bao
vé thuc vat. Diéu nay gitp thdy canh tré thanh
lwa chon hang dau trong néng nghiép cdng nghé

cao va néng nghiép dé thi.

Rau Ma (Centella asiatica) la loai cay co gia
tri kinh t& va dwoc liéu cao, dwoc sl dung rng
rai trong thwe phdm chirc nang, dwgc pham va
my phdm. Tuy nhién, canh tac rau ma theo
phuwong phap truyén thédng gap nhiéu thach thirc:
phu thudc vao diéu kién dat, dd Am, anh sang tw
nhién va dé bi sau bénh. [1] Cac nghién ctu nhw
clia Archana Prasad (2012) da khang dinh tiém
nang kinh té va dwoc liéu I&n ctia rau ma, nhwng
cac cong trinh khoa hoc vé canh tac bang thiy
canh con han ché. Diéu nay cho thay nhu cau cap

Hinh 1: Trang trai rau ma Thuy canh tai
phwong Binh Khé, Quang Ninh.

1.2 P'ng dung loT va Al trong ndng nghiép

Sw phét trién clia Internet of Things (IoT) cho
phép giam sat lién tuc cac théng sé moéi trwong
trong hé théng thdy canh, bao gém pH dung dich,
do dan dién (EC), nhiét d6 dung dich, nhiét @ va
dd &m khong khi, cling nhu cuéng d6 anh sang.
Tuy nhién, di¥ liéu thu dwoc tir cac cdm bién nay
thwdng cé khéi lwong 1&n, bién dong theo thoi
gian va kho khai thac hiéu qua néu chi dwa vao
phan tich truyén théng.
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Trong thap ky qua, nhiéu nghién clru da
chirng minh tiém ndng cGa Machine Learning
(ML) va Deep Learning (DL) trong néng nghiép
théng minh. Chang han, [2] Eli-Chukwu (2019)
chi ra rang Al c6 thé hd tro dw bao nang suét va
phat hién bénh trén cay trbng nhd phan tich div
lieu IoT; [3] Umar Shareef et al. (2024) da tich
hop ML vao hé théng thily canh dé tw dong diéu
chinh dinh duéng, buwéc ddu mang lai két qua kha
quan; [4] Abishkar Regmi (2024) nhan manh vai
trd cla ML trong quan ly dinh dwéng va téi wu
héa ngudn tai nguyén.

Pac biét, cac moé hinh hoc sadu nhw LSTM
(Long Short-Term Memory: la mdt mé hinh co
kha n&ng x( ly chudi di liéu nhw di liéu cdm bién
theo thi gian, bang cach st dung bd nhé dai han
dé lwu trir cac quy téc va xu hwéng tdng thé, déng
thoi lién tuc cap nhat bd nhé ngan han véi cac sw
kién méi xay ra) da chirng minh hiéu qua vuot
troi trong viéc x ly di liéu cdm bién dang chudi
thoi gian. Chung cé kha nang hoc duwgc xu
hwéng dai han va cac mdi quan hé phi tuyén
phirc tap, tr d6 dw doan chinh xac sw bién dong
moi trwdng trong nha kinh va hé théng thdy canh
[5]. Ngoai ra, nhiéu nghién ctru da (rng dung
LSTM cho phét hién sém bat thwdng trong div
liéu cam bién, giup tang do tin cay cho cac hé
thdng giam sat néng nghiép thong minh [6]. Ciing
c6 bao cdo cho thay viéc tich hgp LSTM vao cac
chién lwoc diéu khién twéi hodc cung cap dinh
dwéng da giup t6i wu hoa hiéu qua sir dung tai
nguyén va cai thién diéu kién sinh trwdng cay
tréng [7]. Gan day, mot s cong trinh d& mé rong
&ng dung LSTM cho ca phat hién bt thwong va
xt ly dir liéu khiém khuyét trong hé thdng néng
nghiép théng minh, cling ¢6 vai trd cia LSTM nhw
mot phwong phap toan dién cho quan ly thoi gian
thwe va chat lwong hé thdng [8].

So db trén hinh 2 thé hién hé thdng loT giam
sat va diéu khién méi trwong thiy canh rau ma,
bao gébm cac cam bién pH, EC, nhiét do, d6 am,
anh sang va bo diéu khién trung tam ESP32 két
ndi qua Internet. Cac di¥ liéu thu thap tlr cam bién
va nhap liéu sir dung cac thuat toan théng minh
dé tao ra mo hinh Al nham tac déng vao hé théng
dé tao ra hiéu suét cao trong mé hinh.
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Hinh 2: So d6 thuat toan hé théng.

1.3. Han ché trong nghién c(ru hién tai va diém
mei

Qua phan tich cac cong trinh lién quan, cé thé
nhan thay rang mac du loT va Al da dugc tng
dung réng rai trong nong nghiép théng minh,
song van con t6n tai nhiéu han ché trong nghién
ctru hién tai. Cu thé, chwa c6 nhiéu cong trinh tap
trung vao cay rau ma thdy canh — mét loai cay
dac thu c6 gia tri dwoc liéu va kinh té cao. Cac hé
thdng giam sat hién nay chu yéu dirng lai & viéc
thu thap dir liéu cdm bién, trong khi viéc khai thac
di¥ lieu badng cac moé hinh dw doan tién tién
(AIML/DL) van chwa dwoc phat trién manh.
Ngoai ra, giai phap tich hop da nguén di liéu
(cdm bién mai trwdng, mé hinh Al va dashboard
trwc quan) dé hd tro ra quyét dinh tw dong trong
quan ly thdy canh con chwa phd bién.

Trén co s& d6, nghién clru nay dé xuét mot
hwéng tiép can méi véi cac diém khac biét sau:
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Xay dwng hé théng loT giam sat méi trwong
thdy canh rau ma theo thoi gian thyc, ddm bao
thu thap lién tuc cac théng sé pH, EC, nhiét d9,
dd dm va anh sang.

ng dung ddng thdi cac mé hinh Machine
Learning (héi quy, phan loai) va Deep Learning
(RNN/LSTM) dé dw doan bién déong méi truwdng,
phan loai sirc khde cay trong va dy bdo nang
suét.

Phat trién co ché khuyén nghi va diéu khién
tw déng (nhw bom dung dich dinh dwéng, diéu
chinh &nh sang nhan tao, tdi wu ty 1& dinh dwéng)
dwa trén két qua phan tich Al.

BOM VAN

Danh gia hiéu qua canh tac co sw hé tro cla
Al so v&i phwong phap thiy canh truyén théng,
nhdm chirng minh tinh kha thi, gia tri ’ng dung
va tiém nang nhan réng mé hinh.
2. PHUWONG PHAP NGHIEN cUrU
2.1. Xac dinh bai toan

Xuét phat ttr phan tich diém md&i néu trén, bai
bdo nay dé xuét xay dwng va danh gia mot hé
thdng giam sat théng minh toan dién cho mé hinh
canh tac rau ma thiy canh. Muc tiéu cbt I6i cla
nghién ctru la ng dung cac thuat toan ML va DL
dé giai quyét cac bai toan cu thé sau:
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Hinh 3: So’ d6 mach diéu khién va xt ly théng tin.

Hinh 3. Thé hién thiét ké hé théng phan cirng,
duoc xay dung dwa trén so dd mach nguyén ly
v&i cac khéi chinh:

Vi diéu khién ESP32: trung tam x( ly di¥ liéu,
tich hop WiFi dé truyén dir liéu qua MQTT.

Khéi cdm bién: bao gbm cam bién pH, EC,
nhiét dé dung dich, nhiét d6/dd am khong khi, anh

sang; di¥ liéu dwoc dwa vao cac kénh ADC.

Khdi chdp hanh: cac relay diéu khién bom
dinh dwdng, bom bd sung, van dién tw, va dén
chiéu sang.

Nguén cép: 5V va 3.3V cho ESP32 va cdm
bién; tai AC/DC dworc cach ly théng qua relay.
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Chtrc nang va nguyén ly hoat déng ctia mach
bao gébm: Thu thap di liéu: ESP32 nhan di liéu
tr cac cdm bién pH, EC, nhiét d6, dd am, anh
sang.

Truyén théng: di¥ liéu dwoc giri thoi gian thue
qua giao the'c MQTT t&i broker va nén tang
Cloud/Dashboard.

Giam sat & canh bao: dir liéu dworc triec quan
hoa trén Dashboard loT; hé théng kich hoat canh
bao kép qua Telegram va Zalo (webhook trung
gian) khi phat hién bat thuwong.

Diéu khién tw dong: ESP32 diéu khién relay
dé bat/tdt bom, van, dén dwa trén cac ngwdng
cai dat hoac khuyén nghi t&r mé hinh Al.

2.2. Xay dwng va huan luyén cac mé hinh
Machine Learning (Ho6i quy, Phan loai) va
Deep Learning (RNN/LSTM).

1. M& hinh héi quy (Regression Models) mé ta
tbng quat ly thuyét vé hdi quy tuyén tinh:

Muc tiéu: dw doan gia tri lién tuc (vi du: pH, EC,
nang suat rau ma).

Phwong trinh téng quat:

Y =Bo+ Bixy + Boxy + -+ Bpxp + € (1)

Trong d6 y |a bién phu thudc (vi du pH), x; la
dir liéu cam bién, B; 1a hé s6 mé hinh, € |a sai s6.
mé hinh tim bd trong sé B sao cho dwdng dw
doan khép nhét vai dir liéu cdm bién.

M6 hinh hoc cac hé sb B bang cach téi thiéu
héa sai sb binh phwong trung binh (MSE):

m
MSE =y~ 5 @
i=1

(ng dung: dw bao xu hwéng pH giam khi cay
hat dinh duwéng hodc EC tang khi bd sung dung
dich, tv d6 dwa canh bao diéu chinh kip thoi.

2. M6 hinh phan loai (Classification Models):
Muc tiéu: phan loai tinh trang cay rau ma (Khée
manh — Thiéu dinh dudng — Nhiém bénh).
Xac suat mot mau thudc Iép 1 dwoec méd hinh hoa
bang héi quy logistic:

Py=Ilx) " 1+e~BotByx1+Byx2 -+ Byxn) (3)

y: bién muc tiéu (label). Trong bai toan phan
loai nhj phan (binary classification), y chi cé 2 gia

tri:

y=1: cay rau ma thudc I&p “Khde manh”.

y=0: cdy rau ma thuéc I&6p “Khong khoée”
(thieu dinh dwdng hoac bénh).

X=(x1 ,X5,...,X,): vector dac trung dau vao (div
liéu cdm bién: pH, EC, nhiét dd, d& &m, anh
sang...).

P(y=1Ix): xac suét dé cay khée manh khi ta
quan sat dwoc gia tri cdm bién x.

Gia s hé théng nhan dwoc di liéu cdm bién:

pH=6.2

EC =1.8 mS/cm

Nhiét d6 dung dich =24 °C

Do &m khéng khi = 70%

M©& hinh logistic regression tinh toan:

P(y=11x)=0.82

— Co6 nghia la: v&i di¥ liéu nay, cay rau ma co
82% xac suat khée manh.

Néu mé hinh d&t ngwéng 0.5 thi dw doan
“Khée manh”, nhung néu dat nguéng canh bao
cao hon (0.9) thi van canh bdo nguoi tréng la
“can theo doi thém”.

Nguw&ng phan loai thwdng dét tai 0.5: néu P =
0.5 thi dw doan cay khéde, nguoc lai cady cé nguy
co thiéu dinh dwdng hoac bénh ly.

Ham méat mat dung dé toi wu la log-loss
(binary cross-entropy):

L&
L=-—Yylog )+ (- ylog(1-7)]  (4)
i=1

Trong doé:

m: s6 méu trong tap di liéu.

yi€{0,1}: nhan thye té (0 = cay khong khée, 1
= cay khée).

yNi=P(y=1/xi): xac suat mé hinh dy doan cay
khée & mau i.

(ng dung trong hé théng thdy canh rau ma:

Khi phan loai Khée / Thiéu dinh dwéng / Bénh
ly, log-loss gitp mé hinh khéng chi dy doan nhan,
ma con hoc cach wéc lvgng xac suat dang tin
cay.

Cay A: P(y=1|x)=0.95 — mé hinh gan nhw
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Cay B: P(y=11x)=0.55P — mé hinh dw doan
khée nhwng khéng chac chan — hé thdng co thé
phat canh bao “theo doi thém”.

(ng dung thwc té: khi hé théng nhan thay cay
c6 dau hiéu thiéu dinh dwéng (dwa vao EC thap
kéo dai, téc dd sinh trwdng cham), mé hinh sé
phan loai va phat canh bao cho ngwoi van hanh.

3. M6 hinh RNN /LSTM (Deep Learning chudi
thoi gian)

RNN: Cac cadm bién (pH, EC, nhiét d6 dung
dich, nhiét do6 & d6 am khong khi, anh sang) gui
d@ liéu lién tuc vé ESP32.

RNN dung dé& hoc chudi ngén han: vi du dw
doan gia tri pH sau 2-3 gid tiép theo dwa vao div
liéu 24 gid gan nhét.

Htbu ich dé phat hién bat thwéng ngan han
nhw sy tut pH dét ngdt khi bom dinh dwéng gap
sw cd.

LSTM: V@i rau ma, chu ky sinh trudng kéo dai
nhiéu tudn, vi vay can hoc xu hwéng dai han.

LSTM lwu giir dwoc théng tin &n trong nhiéu
ngay — du bao chinh xac sy thay déi EC ho&c
pH kéo dai, vén anh hwéng truc tiép dén kha
nang hép thu dinh dwéng cta cay.

LSTM ciing dwoc dung dé wéc tinh tbe do
sinh trwdng va nang suét rau ma sau 1-2 tuan,
dwa trén di¥ liéu lich st canh tac (vi du: chudi EC,
nhiét do, anh sang va toc do tang khéi lwong 14).

4. Quy trinh huén luyén: D& liéu dau vao:
Khoang 24.000 mau t» 5 gian thdy canh (45
phat/lan, trong 3 thang).

Rau Ma Hydroponics Sensor Dataset v1 (2025)

L& Thang&

D LIEU CAM BIEN CHO FARM RAU MA THUY CANH

Files
sensor_readings_20250301_20250307_demo.csv
timestamp device id  ph ec_ms cm  temp solution ¢  temp_air ¢ rh_percent light lux
2025-03-01T00:00:00  GIAN_01 679 138 255 248 632 10639
2025-03-01T00:00:00  GIAN_02 603 24 271 341 703 8205
2025-03-01T00:00:00  GIAN_03 641 156 230 2.2 767 6592
2025-03-01T00:00:00 ~ GIAN_04 592 196 254 35.0 812 5745
2025-03-01T00:00:00  GIAN_05 66 1.76 217 323 873 7298
2025-03-01T01:00:00  GIAN_01 627 202 242 326 672 7843

Hinh 4: Bwa dir liéu Ién Google Dataset

Bao gdm: pH, EC, nhiét dé dung dich, nhiét
dd6 & d6 &m khong khi, anh sang, nhat ky
tw®i...nhw trén hinh 4.

Phan |ap trinh st dung phwong phap M6 hinh
hoa Chudi Thdi Gian (LSTM). Hé théng cbt I6i
dwa trén Mang No-ron Hbéi quy Dai-Ngan Han
(Long Short-Term Memory - LSTM), mot  kién
tric RNN (Recurrent Neural Network) la mét loai
mang no-ron nhan tao dugc thiét ké dic biét dé
x& ly chudi di¥ liéu (sequential data), noi thi tw
va mdi quan hé gitra cac phan ti trong chudi |a
rat quan trong tao hiéu qua cao trong viéc nam
bat sw phu thudc theo thoi gian cla di liéu chudi
cam bién.
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Hinh 5: Lap trinh huan luyén dwa trén gia
tri cam bién

Thiét Iap M6 hinh va Thuat toan Téi wu:

M6 hinh Dw bao Téi wu: Stacked LSTM Pa
bién c6 Chon loc

Kién tric M6 hinh: Dw an st dung hai mé hinh
Stacked LSTM Da bién c6 chon loc doc lap dé dw
bdo 1 buwdc thdi gian tiép theo cho pH va EC
(mS/cm). Kién trac nay bao gdm hai Iép LSTM
xép chéng 1&n nhau, t6i wu héa kha nang ndm bét
cac mdi quan hé phi tuyén tinh phirc tap va tinh
phu thudc thei gian trong chudi dir li&u cadm bién.

Chién lwoc da bién, loc bién: D& ddm bao mé
hinh hoat d&ng hiéu qua nhat, cac bién dau vao
dwoc chon loc dwa trén co s& khoa hoc va vat ly:

Dy doan pH: M6 hinh nhan di¥ liéu pH va anh
sang (light_lux). Méi quan hé nay duoc thiét lap
do qua trinh quang hop cla cay (dwoc thuc day
b&i anh sang) anh hwéng trwc tiép dén sy hap
thu ion va lam thay dbi pH cta dung dich.

Search
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Dy doan EC: M6 hinh nhan dir liéu EC,
Nhiét do Dung dich (temp_solution_c), va pH. Sy
Iwa chon nay dwa trén viéc nhiét dé dung dich
anh hwéng truc tiép dén do dan dién (téc do di
chuyén cta ion), ddng thdi pH la chi s6 phan anh
sw hap thu dinh dwéng cla cay.

Tham sb huén luyén: M6 hinh dwoc huén
luyén bang Adam optimizer véi moét learning rate
c6 dinh. Ddng thdi, s dung co ché
Early Stopping dé theo dai validation loss, giup
mé hinh dirng huén luyén tai thoi diém tdi wu,
tranh hién twong overfitting voi dir liéu.

Ham M4t mat va Danh gia: MSE
(Mean Squared Error) dwgc st dung lam ham
mat mét trong qua trinh huén luyén. Hiéu suét dw
bdo dwoc danh gid bang MSE va RMSE
(Root Mean Squared Error), tap trung vao dé
chinh xac cla cac dw bao chudi pH va EC trén
tap di liéu kiém tra.

Gia tri cbt 16i: Muc tiéu cubi cung la st dung
dw bao dé chuyén dbi hé thdng tlr co' ché phan
wng (Reactive) sang co ché phong ngira
(Proactive), ttr d6 duy tri sw én dinh mdi trwong
lién tuc va téi wu hoa diéu kién sinh trudng.

DPanh gia Hoi quy co sé: Song song Vo
LSTM, mé hinh hdi quy tuyén tinh
(Linear Regression) dwoc st dung nhw mo hinh
co s& (Baseline) dé danh gia méi quan hé tuyén
tinh gitra cac bién.

Dy doan pH: Céc thdng sb EC, Nhiét do, Do
4m, va Anh sang dwoc dung dé dw doan pH.

Dy doan EC: Thong sb pH va cac bién moi
trwdng khac dwoc dung dé dw doan EC.

Viéc so sanh R2 va MSE gitra hai phwong
phap (LSTM va Hoi quy tuyén tinh) giup khang
dinh wu theé cta LSTM trong viéc x( ly tinh phi
tuyén va moi quan hé phtre tap cua di liéu cam
bién néng nghiép.

Gia tri c6t 16i: Viéc s dung dw bao cho phép
hé thong phong ngtra s co thay vi chi phan tng,
duy tri s 6n dinh méi trwdng lién tuc.

Ung dung thwc té va logic didu khién tw
doéng:

Két qua dw bao ngan han tir LSTM duoc
chuyén tryc tiép thanh 1énh diéu khién (Control
Actions) va canh bao (Alerts) theo th&i gian thuc:

~ On dinh Méi truong (dw bao Ngan han), hé
thong dieu chinh pH va EC: Khi mé hinh LSTM
dw bao gia tri pH hoac EC sé nam ngoai nguwdng
toi wu (5.5-6.5 cho pH va 1.0-1.6 mS/cm cho
EC) trong buwéc thdi gian tiep theo, hé thong tw
doéng:

Phat canh bao cho ngwéi van hanh, tw déng
kich hoat bom dung dich p]—l UP/DOWN hoac
bom dinh duw&ng/xa nwdc (do6i véi EC).

Piéu chinh I§h|' hau: Tuwong tw, dy bao
nhiét do hoac dé6 am nam ngoai ngwdng sé kich
hoat hé thg‘)ng lam mat/swdi hodac may phun
swong/hat am.

2.3. Giao dién diéu khién giam sat va diéu
khién thuy canh théng minh.

Hinh 6: Giao dién la bang diéu khién giam
sat va dieu khién thay canh thong minh dugc thiét
ké r6 rang, trwc quan va tich hgp Al, gom cac
phan chinh:

1. E}Qc d@ liéu thoi gian thuwc: Hién thi cac
thong sO mdi trwdng thay canh thoi gian thyc;
Moi 6 div liéu c6 mau riéng biét, giup phan loai
nhanh theo loai théng sO (méi trwdng nuwoc,
khéng khi, anh sang).

2. Biéu d6 xu hwéng pH va EC: Biéu do
dwdng thé hién xu hwéng bién dong cla pH va
EC theo thoi gian. Co dwong dy doan cua Al (Al
Prediction) dé hd tro dw bao twong lai, giup can
thiép kip thoi.

o3 Canh bao: Str dung icon canh bao mau dé
dé thu hut sy chu y.

4. Khuyén nghi Al: Pwa ra goi y diéu chinh
dwa trén phan tich Al.

5. Diéu khién thi cong: Cac nut diéu khién
Bom, Bén LED, Quat v&i ché dé AUTO hoac thu
cong. Cho phép nguwoi dung can thiép tryc tiep
vao hé thong.

6. Khu Ve danh gia hiéu qua: Thé hién t?c
doéng cua hé thong Al so v&i phwong phap truyen
thong; Gilp nguwdi van hanh thay ngay hiéu qua
trng dung Al.
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GIAM SAT & DIEU KHIEN THOY CANH

\g thai Cly (LogReg) pH EC clia dung dich
Khée man h 6,0 1,450 23,5«
Digu khién thi céng
Bom pH
Khuyén nghi Al PeiEn
0 d5i Quat/May lanh

Banh gia Hiéu suat M4 hinh Al

RMSE pH: 0.053 RMSE EC: 0.081

Nhiét 96 dung dich

Nhigt @6 kndng kni ©6 dm khong kni Cung 6§ dnh sing

28,5« e 170 14500
Xu huéng pH va EC (Dy bdo LSTM)
Accuracy (Phan loai): 92.19% +35%
B3 chinh xéc M3 hinh LogReg Nang suit 50 v6i Truyin théng

Hinh 6: Thiét ké giao dién diéu khién va giam sat cho mé hinh.

3. KET QUA VA THAO LUAN
3.1. Panh gia hiéu suat mé hinh

Trong nghién ctru nay, tap dir liéu gém div
liéu thu thap tv 5 gian thay canh trong khoang
thoi gian 3 thang (tir ngay 01/03 dén 01/06/2025).
Cac théng s6 mdi trwong dwgc ghi nhan bao gom
pH, EC, nhiét d0 dung dich, d am khdng khi,
cwong do anh sang va nhiét dé khong khi. D&
liéu dwoc thu thép VO chy ky 45 phat/lan, fiérr)
bao bao quat day du s bién dong cta cac yéu to
moi trwdng trong suodt qua trinh canh tac.

Céac mbd hinh hdi quy dwoc xay dwng nham
gidi quyét hai bai toan chinh: dw doan nang suét
rau méa (kg/m?) dwa trén cac théng sb mai trudng
trung binh cla moét vu canh tac, va dy doan sw
bién dong cta gia tri pH va EC trong dung dich
thdy canh sau 24 gi¢. Hiéu suét ctia cac mé hinh
nay dwoc danh gia bang Sai sbé toan phuong
trung binh Root Mean Square Error:

RMSE = *[L 3" (i - 5)?) (5)
Va hé sb xac dinh:
= Y @i9)?
R2= pom )
o 2 ey P
yi: gia tri thwe té (tv cAm bién).
yi: gia tri m6 hinh dy doan.

m: s6 lwong mau div liéu.
yi: gia tri trung binh ctia di¥ liéu thuc té.

cO & UntitledZipynb % &

File Edit View Insert Runtime Tools Help

Q, Commands + Code =+ Text P Runall ~

@ 93 loc dit 1ligu cho thi&t bi: GIAN_@1

=

@

[l k&t qud HBL quy tuy&n tinh co s¢ (Du dodn pH):
<> - Sai s8 Binh phuong Trung binh (MSE): 8.164848
- Can bic hai Sai s& Binh phuong (RMSE): ©.4@6814
- Hé s8 Xdc dinh (R?): 2.8169

Dif 1i8u sau khi chudn héa d3 s&n sang cho LSTM.

[0z
Ll k&t qua HBi quy tuydn tinh co s& (Dy dodn EC):
D - Sai sd Binh phuong Trung binh (MSE): @.68809%

- Can bic hai Sai sd Binh phuong (RMSE): ©.283812
- H& =§ Xac dinh (R*): ©.2926

Hinh 7: Két qua danh gia hiéu suat cac
mé hinh héi quy

banh gia: RMSE qua cao: V&i ngwdong pH
va EC sai s6 I&n, khéng thé chap nhan duoc cho
bat ky hé théng diéu khién nao.

M6 hinh (R2 nhd): chirng t& md hinh
Linear Regression khang thé tim ra mbi quan hé
tuyén tinh dang tin cay gitra pH, EC va cac bién
dau vao.

Trong qué trinh nghién ctru kiém nghiém,
chay va thay déi cac théng sb va thuat toan viéc
chuyén sang mé hinh Stacked LSTM Da bién c6
chon loc da phat huy tac dung, gitp mé hinh ndm
bat dwoc mbi quan hé gitra pH vd&i light lux, va
EC v&i temp_solution_c va pH.
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[1] Két qua cho PH

Can bic hai Sai s6 Binh phudng (RMSE): 0.1947

Sai s6 Binh phudng Trung binh (MSE): 0.037907

Bién dau vao: ph, light_lux

Dur bao PH bang Stacked LSTM [RMSE: 0.1947)
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Hinh 8: Dw bao gia tri PH

(1]l Két qua cho EC_MS_CM

Cin béc hai 5ai 56 Binh phudng (RMSE); 0.1834

Sai 56 Binh phudng Trung binh (MSE): 0.033545

Bién dau vao: ec_ms_cm, temp_solution_c, ph

Dy bao EC_M5_CM bang Stacked L5TM (RMSE: 0.1834)

0.8
ﬁ 0.8 . |
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1
o
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Butdc Thaoi gian {Tap kiém tra}

Hinh 9: Dw bao gia tri EC

2. MO HINH PHAN LOAI (LOGISTIC REGRESSION)

- M& hinh LogReg d4 hudn luyén thanh céng. B chinh x&c: 92.19%

’ Dy dodn Tinh trang Cdy trong (MAu méi nhdt):
- Phan loai: KHOE MANH (L&p @)
- Xdc suft: P(Khde manh): 90.79% | P(Thigu DD): 9.21% | P(Nhidm bénh): 0.00%

Hinh 10: Két qua mé hinh phan loai

Dy doan tr md hinh phan loai (LogReg) trén
mau di¥ liéu m&i nhat da dwa ra mot cai nhin can
bang vé tinh trang hé théng:

Tinh trang Chinh: Khée manh (90.79% Xac
suat). M6 hinh tw tin khang dinh rang gian thay
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canh hién dang hoat déng & trang thai ti wu, va
cac tham sb cdm bién dang nam trong ving an
toan, khéng c6 van dé nghiém trong nao xay ra.

Rui ro Tiém an: Thiéu Dinh Duéng (9.21%
Xac suat). Mac du két qua chinh 1a Khde manh,
mé hinh van nhan dién moét rii ro dang ké (gan
10%) nghiéng vé phia Thiéu Dinh Dw&ng. Diéu
nay cho thdy cac tham sé lién quan dén dinh
duéng, nhw pH hoéc EC, c6 thé da bat dau dich
chuyén nhe ra khéi vung ly twéng, gay kho khan
nhd cho cay trong viéc hap thu chat dinh dwéng.

RUi ro Nhiém Bénh: Xac suat Nhiém bénh
duwoc dy doan 1a 0.00%, chi ra rang cac diéu kién
méi trwéng nhw nhiét dé dung dich va d6 am
khéng khi dang dwoc kiém soat tét va khong de
doa strc khde cay trong.

Bang 1: So sanh két qua RMSE.

Kién trac | . "M | RMSE cho | RMSE cho
thwéc Dip

Mé hinh lisu pH EC

Giai doan Nhan dinh Chinh

Khi dau kém. Md
hinh tuyén tinh that
bai do tinh phi tuyén
va phu thudc theri
gian.

Giai doan 0: Linear

Co s& Regression T ngay £ 2258

_ | Univariate Cai thién Ign. LSTM
et doat T: | o x&c nhan tinh phi
Tinh chinh : 2 T ngay 2.790 3.331 3 5 ; pe
Uemaraie: |umdowz hgp, nhung den bién

0, ES) cd gi&i han.
Giai doan 2- Stacked Cai tien Khoa hoc.
Tohchinh | M9 | 7o | 2631 | 3263 | GiamRMSEmhe
Muttivariate |"312t2 (Lo thém Light vao pH va
bien}) Temp_Sol vao EC.
Gia doan3:| (00 80 g8 00 1 EC
TE9 U9 | riate (Loc| "9 | 24| 2820 i tign manh me
i bién) (~20%).

BOT PHA. Dik ligu
- Stacked I6m va da dang gitp
Giai doan 4- Mukti- 3 thang, § gidm sai 50 pH thém

TOI U g 1.947 1.834 ~21%, EC thém

variate (Loc gian

CUBI CUNG o ~30%, dat d6 tin cay
ién) z &
cao nhat cho hé

théing didu khién.

Két qua so sanh tai Bang 1 cho ra mét sb
nhan xét sau:

M6 hinh Tuyén tinh: Sai s6 RMSE ban dau
cao (>0.38) khong thé ap dung riéng biét dworc.
do d6 can ap dung thém cac mé hinh Sequential
(LSTM) dé xtr ly di¥ liéu chudi thoi gian.

Tam quan trong ctia Lwgng D liéu: Chi sb
RMSE ctia EC gidm tw 0.3253 xubng 0.1834 khi
chuyén sang di¥ liéu 3 thang, cho thdy cac mé
hinh LSTM hoc sau can mét lwong di liéu I16n va
da dang (t¥ nhiéu gian, nhiéu chu ky) dé dat do
chinh xac cao nhéat.

M6 hinh Stacked Multi-variate (St dung
pH+light_lux va EC+temp_solution_c+pH) la mé
hinh t6i wu nhat, véi RMSE cudi cung 1a 0.1947

cho pH va 0.1834 cho EC. Day la m&c hiéu suét
ly twéng dé trién khai mot hé théng diéu khién tw
doéng.

4. KET LUAN VA KIEN NGHI
4.1. Két luan

Dwa trén phan tich hiéu suat cla cac moé
hinh dw bao va phan loai da dwoc huan luyén,
cling nhw hiéu qua thuc té cia hé thdng trong
viéc nang cao nang suét, chat lwong rau ma va
tdi wu hda tai nguyén dat do tin cay cla két qua.
Nghién clru nay ky vong sé déng gép mot giai
phép cong nghé tién tién, gitp nang cao dang ké
hiéu qua kinh té va tinh bén virng cho viéc san
xuét rau mé thiy canh, ddng théi tao tién dé cho
viéc nhan réng mé hinh cho céc loai cay tréng gia
tri cao khac. Nghién ctru nay da mang lai nhirng
dong gép khoa hoc va thye tién quan trong:

1. Nghién ctru da xay dwng thanh cong mét
hé théng tich hop va toan dién, két néi lién mach
tr khau thu thap dir liéu loT, xt ly trén nén tang
dam may, phan tich bang cac mé hinh ML/DL,
dén viéc cung cap canh bao va khuyén nghi hiru
ich cho ngudi dung cudbi.

2. Viéc ap dung thanh cong mé hinh LSTM
dé dy bao dong lwc hoc clia méi trudng thiy
canh da chirng té tiém nang to 1&n trong viéc
chuyén dich nén néng nghiép tr mé hinh "phan
ng" (x& ly khi sw c6 da xdy ra) sang mé hinh
"tién doan" (hanh déng trwdc khi sw cb xay ra).

3. Cac két qua thwe nghiém da lvgng hoa
dwoc loi ich rd rét vé nang suét (tang 35%), do
chinh xac dy bao cho cac théng s6 pH va EC rat
cao. Diéu nay cung cp béng chirng thuyét phuc
vé hiéu qua dau tw cho cac mé hinh néng nghiép
cbng nghé cao va théng minh.

4.2. Kién nghi

Trong qué trinh nghién ctu va trién khai,
nhém tac gia da déi mat véi mot sé thach thire
thwe tién. Thtr nhat, dd chinh xac va dd bén cla
cam bién la yéu tb then chét nhwng cling 1a diém
yéu tiém tang. Cam bién pH va EC doi héi phai
dwoc hiéu chuan dinh ky (2 tuan/lan) dé tranh
hién twong troi s6 (sensor drift), vén c6 thé lam
sai léch di¥ liéu dau vao va anh hwéng dén do
chinh xac ctia mé hinh. Th& hai, viéc xay dwng
mot tap di¥ liéu gan nhan chat lwong cao cho md
hinh phén loai, dac biét Ia cac trang thai bénh ly
phtrc tap, la mét céng viéc doi hoi kién thirc
chuyén sau vé néng nghiép va tén nhiéu thi gian
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do d6 chwa dwgc dwa vao nghién clru trong bai
bao nay.

Trong giai doan tiép theo, can tich hop hé
théng camera giam sat d& mé rong kha nang
phan tich di liéu. Cu thé, co thé ap dung cac md
hinh hoc sau (Deep Learning) dwa trén mang no-
ron tich chap (Convolutional Neural Network —
CNN) dé nhan dién va phan tich hinh anh 14 cay,

tr d6 phat hién sém cac dau hiéu thiéu dinh
dwdng, sadu bénh hoac stress méi trwedng. Ngoai
ra, nén phat trién md hinh phan tich da nguén di
liéu (sensor + image), két hop di¥ liéu hinh anh ti
camera va di¥ liéu cdm bién méi trwéng dé tang
dd chinh xac cha dw doan, hd tro hé thdng dua
ra khuyén nghi va canh bao toan dién hon.
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ABSTRACT:

This paper proposes and presents a novel approach to optimizing the yield and quality of Centella

asiatica (Gotu Kola) in a hydroponic environment through the extensive application of Machine

Learning (ML) and Deep Learning (DL) techniques. The system is built with loT sensors to collect real-

time data on key environmental parameters such as nutrient solution pH, EC concentration,

temperature, light intensity, and air humidity. This data is then transmitted to a cloud platform where

Artificial Intelligence (Al) processes and analyzes it using ML and DL models. The main objective is to

develop accurate predictive models that enable automated decision-making and early warning, thereby

improving cultivation efficiency and minimizing risks.

Keywords: Hydroponics, Sensor, Internet of things (loT), Real-time data, Artificial Intelligence (Al),

Machine Learning (ML), Deep Learning (DL).
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