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TOM TAT

Canh tac thity canh da va dang tro thanh mot trong nhiing k¥ thuat trong trot hiéu
quéa nhat hién nay. Tuy nhién, viéc quan 1i mot hé thong thiry canh thi khong dé& dang.
Bai bao trinh bay phuong phap thiét ké va xdy dung mé hinh trong rau thity canh tng
dung cong nghé IoTs nham gitip viéc canh tac rau thuy canh dugc don gian héa tir 6
tiép can nhiéu hon dén cac ho gia dinh ciing nhu cac ho canh tac nho 16. Mot s6 thong
s6 vé moi truong (nhu anh sang, nhiét 46, d6 am) cling nhu vé chét luong dung dich
dinh dudng (nhu tong chit ran hoa tan TDS, nhiét d6 nudc va pH) duogc hién thi lén
Web Server. Thuat toan pha dung dich ty dong dua trén thong sb téng chit ran hoa tan
TDS ciing dugc phat trién véi sai sé thuc nghiém khong qua 10% so véi gia tri dat. Rau
mudng duoc trong thir nghiém trén hé thong ciing cho két qua kha quan véi hon 90%
cay phat trién dén thu hoach.

Tir khéa: Cam bién, canh béo, 0T, thiy canh, Web server
ABSTRACT

Hydroponics has been one of the most efficient technologies for growing food. However,
managing a hydroponic system is not simple. This paper presents a way for implementing
loT technology on a hydroponic system, which aims to simplify the hydroponic cultivation
and make it more accessible to households as well as small farming households. Some
environmental parameters (light intensity, temperature and humidity) and quality of
nutrient solution (total dissolved solid — TDS, temperature, and pH) were displayed on
the Web Server. An algorithm for mixing nutrient solutions was implemented with the
steady-state error within 10%. The realization of the system by growing water spinach
gives good results with more than 90% of plants growing until the harvest time.

Keywords: Sensors, alarm, loT, hydroponics, Web server
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1. GIOI THIEU

Canh tic thuy canh da va dang tro
thanh mot trong nhirng k¥ thuat trong trot
hiéu qua nhit va duoc str dung phd bién
hién nay [1]. Trong canh tac thuy canh, néu
khong phai [a mot ndng dan chuyén nghiép
hodc khong co kién thuc tdt vé tr?)ng trot, s€
1a rat kho dé trong va quan 1y mot hé thong.
Trong do, viéc kiém soat duoc moi trudong
khong khi, moi truong nude, nhiét do, do
am, ndéng do pH, nhiét 6 dung dich dinh
dudng 1a rit can thiét trong trong rau thiy
canh dé gitp ting nang suat, chat luong
cua cdy trong [2]. Velazquez-Gonzalez et
al. [3] da xac dinh ba yéu t6 bit loi nhat
ctia hé théng thuy canh chinh 14 chi phi ban
dau cao, chi phi huan luyén nhan cong cao
va 6 nhiém moi truong néu nude thiry canh
khong duoc xur 1y tét. Viée ap dung cong
ngh¢ IoT vao canh tac thuy canh noi riéng
va nong nghi¢p no1 chung s€ gilp gidi
quyét cac van dé trén do no s& bién nong
nghiép tr mot linh vuc san xuat dinh tinh
sang linh vyc san xuét chinh xac dua vao
nhitng s6 liéu da duoc thu thap, téng hop,
phan tich. Tur viéc phu thudc vao thoi tiét
va khi hau thi bay gio chung ta c6 thé tu
chi va diéu chinh moi thtr dé dat duoc két
qua nhu mong mudn. Thay canh két hop
IoT s& phat huy hiéu qua cao nhat cho ciy
tréng von doi héi su ti mi va chinh xac, can
quy trinh chdm soc phuc tap dé dua cay
trong dat nang suét va chat lugng cao.

D3 c6 rat nhiéu nghién ctru va thanh
tuu lién quan dén linh vuc nay tir cac do an,
luan van trong trudng, dé tai nghién ctu
khoa hoc cac cép, cling nhu rat nhiéu bai
béo lién quan dén linh vuc nay [3,4].

Sinh vién thugc Truong Pai hoc Kinh
té Pa Ning da nghién ctru va mg dung
thanh cong moé hinh “Trong rau thuy canh
thong minh Greedy”. M6 hinh da dat giai
ba trong cudc thi “Pa Nang khdi nghiép
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2016”. Pay la mot hé thong ty dong, nguoi
ding chi can cai dat tmg dung Greedy trén
dién thoai dé co thé giam sat cac thong sb
lién quan dén do pH, nhiét 4o, d6 am, va
c6 thé diéu khién tir xa qua Wifi hodc tin
nhén va hé thong c6 thé pha dung dich phu
hop véi loai cdy trong theo cong thirc duge
1ap trinh trude [5]. Tuy nhién, hé thong vin
chua ty dong pha dung dich dinh dudng cho
cay trong. Tuong ty 1a m hinh giam sat va
quan ly thuy canh cua Chris et al. [6] dua
trén viéc st dung Raspberry va Firebase
dé diéu khién bom, quat va gidm sat céac
thong sb pH, muc nudc, do am, nhiét do
trén Web server. Somchoke et al. [2] cling
xay dung mot mo hinh trong rau thuy canh
ung dung [oTs cdng thém vao chirc nang tu
dong diéu chinh d6 pH, do dan dién (EC),
va nhiét d6 ndm trong khoang cho trudc
bang cach dong md twong Gmg cic van
dién tir va bom. Mic du vay, két qua trong
thuc nghiém trén hé théng nay chua dugc
cong bo. ... Tandil et al. [7] phat trién mot
hé théng tron dung dich thiy canh dua
trén vi diéu khién STM32. Hé thong dya
vao cong thirc dinh dudng can pha (phu
hop cho timg loai cdy trong) dé tinh toan
lugng phan ma mdi bom dinh luong can
bom. Két qua sau 9 lan thtr nghiém cho sai
s6 thip hon 10%. Tuy nhién, vé ban chit,
day 1a mot hé théng diéu khién vong ho.
Chang et al. [1] xdy dung h¢ thong trong
rau thuy canh c6 giao dién giam sat va
diéu khién do pH va do dan dién EC cua
dung dich dinh dudng st dung thudt toadn
md (Fuzzy) thong qua 02 vong diéu khién
don tuong ung. Thong sé pH duoc didu
khién thong qua viéc diéu khién luu luong
02 bom dung dich Acid va kiém; trong khi
thong s6 EC thi dugc kiém soat thong qua
3 dung dich 1a nudc tinh khiét, dung dich A
va dung dich B. Dung dich dinh dudng dat
duoc thong sb can thiét sau gan 20 phit.
Han ché cua nghién ctru nay chi 1a chua
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thuc hién giam sat, diéu khién truc tuyén
hé thong thong qua Web server.

Nhin chung mdi mé hinh chi di sau vao
mot tinh nang nhat dinh va thiéu su dong
nhét. Vi vay nghién ctru nay da chon loc ké
thira cac md hinh di trudc dé c6 duoc mot
mo hinh tich hgp cac chic ndng nhu sau:
giam sat va diéu khién cac thiét bi voi hai
ché d6 tu dong (Auto) va thu cong (Manual),
giam sat thong so tir xa qua WebServer, va
tir dong diéu chinh téng luong chét rin hoa
tan (TDS) cua dung dich dinh dudng theo
gia tri dat.

2. PHUONG PHAP THU'C HIEN

2.1. Téng quan md hinh

Mo hinh hé théng trong rau thiy canh
ung dung cong ngh¢ IoT dugc xay dung
nhu hinh la véi cac thanh phan chinh bao
gém: 01 hé théng trong rau thuy canh,
01 tu dién diéu khién va giao dién diéu
khién. Nguyén 1y hoat dong dugc trinh
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bay nhu hinh 1b. Dung dich dinh dudng
trong bon chira dugc may bom cung cap
t6i cac Ong thuy canh hdi luu. Nong do
dinh dudng ctua n6é ma dya trén thong sd
tong lugng chit ran hoa tan TDS dugc
diéu chinh ty dong theo gia tri dit thong
qua 02 may bom dung dich dinh dudng A
va B. Viéc diéu khién nay dugc thuc hién
bang khoi diéu khién trung tim. Khoi cam
bién dung dé do dac thong sé chat lugng
nuée, chit luong moi trudng phuc vu
cho qua trinh ra quyét dinh cua khéi diéu
khién, dong thoi dir liéu thu thap cing
duoc dua Ién Web server thong qua giao
thtrc MQTT (Message Queuing Telemetry
Transport) phuc vu cho qua trinh gidm sat
hé théng. Dé thyc hién hoan chinh dugc
mo hinh nay, cac cong viéc chinh da duoc
thuc hién bao gém: Thiét ké va gia cong
hé thdng co khi; thiét ké va thuc hién bo
diéu khién phan ctng va phan mém; thiét
ké giao dién giam sat hé thong thuy canh.
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Hinh 1. a. Mé hinh thuc té; b. Nguyén li hoat déng. A: Dung dich A dam ddc. B: Dung dich B dam déc.
C: Bon chura chinh cdp cho hé théng rau. D: Bén chiia nuéc phun suong.

2.2. Thiét ké va thi cong hé thong
2.2.1. Phan co khi
Mb hinh 3D (hinh 2) dugc thiét ké va

mo phong trén phan mém Inventor, gom
cac thanh phan chinh nhu gian thity canh,
cac duong dng nudc, thung dinh dudng, ta
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diéu khién, quat, dén, khung chan 6ng thity
canh va khung ¢é dinh cac co cau chip
hanh. Gian thay canh duoc thiét ké dé dat
cac 6ng thity canh va cac duong dng nude
dé tao thanh mot hé théng hodi luu véi cac
thong sb chiéu dai, chiéu ngang, chiéu cao

2 e e (= T
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lan luot 1a 170 x 70 x 100 cm. M6 hinh
duoc gia cong, 1ap dit sir dung nhimg vt
liéu phd bién nhu sit hop, thép V 15, éng
nhua PVC, va duoc tinh chinh mot cach
phii hop nham gitp khung trd nén kién cd,
chic chin hon.

Hinh 2: Mé hinh 3D téng quan.

2.2.2. Phan diéu khién va giam sat

Hé thdng diéu khién va gidm sat cho
toan bo h¢ thong bao gom thiét ké phan ctiing
va phan mém, va dugc di€u khién thong qua
cac phim nhan. Cac mach phan cing dugc

thiét ké trén phan mém Proteus va dugc thi
cong tuong Gmg nhu hinh 3 bao gdm bang
mach cam bién (hinh 3a), bang mach nguén
(hinh 3b); bang mach diéu khién (hinh 3c)
va ta diéu khién hoan chinh (hinh 3d):

Hinh 3: Thiét ké tu diéu khién. a. Bdng mach diéu khién; b. Bang mach nguén; c. Bdng mach cam bién; d. Ta
diéu khién hoan chinh.
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+ Ngudn 12VDC 10A cip vao khdi
nguodn s& duoc loc va chuyén ddi vé 5V
3A va 9V 1A dé cip cho khdi diéu khién
va khéi cam bién; dong thoi ciing cung
cip nang lugng cho mot sé co cau chip
hanh.

+ Khéi xi ly trung tdm gdém Ol
Arduino Mega - dung dé doc tin hiéu tir
khéi cac cam bién va diéu khién cac thiét
bi chap hanh ctia h¢ thong (may bom nudc
lam mat, may bom dung dich dinh dudng,
may bom nhu dong dé thuc hién pha dung
dich dinh dudng, dén, quat lam mat) va két
hop v6i MCU ESP 8266 dé truyén dit liéu
cho Web Server. Ngoai ra, nd con truyén
thong tin cho man hinh va truyén tin hiéu
canh béo t61 nguoi dung thong qua Module
sim 900A.

+ Khdi cam bién bao gébm: Cam bién
pH, cam bién TDS, cam bién do do duc,
cam bién nhiét d¢, do am.

Phan mém 13 chuong trinh diéu khién
dugc viét bang ngdn ngir C\C++ trén board
Arduino Mega. Hoat dong tong quan duoc
thé hién trén so do hinh 4. Hé théng s€
ludn doc dir liéu thoi gian thuc va doc gia
tri tor ban phim. Trong khi do, gia tri doc
duoc tir cac cam bién s& duoc truyén qua
khéi két ndi Internet 1én Web server sau
mdi 30s. Hoat dong cuia hé thong gom 2
ché do chinh:

Ché dd Auto: cho phép ngudi dung
cai dat chu ky bom va thoi gian bom dung
dich dinh dudng. Ngudi diéu khién con co
thé cai dat cac gia tri dat (Setpoint) nhu
Setpoint nhi¢t dg, Setpoint do am, Setpoint
ppm (ndng do chét ran hoa tan). Mot cach
co ban, day 1a cac hé théng diéu khién vong
kin don 1€ dua trén su so sanh gitra Setpoint
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v6i gia tri doc dugc tir cam bién dé bo dicu
khién tinh toan va diéu khién cac co cau
chap hanh tuong ng nhim dwa hé thong
hoat dng tai cac Setpoint nay.

BE
-
CHINH
|
BOCGATR|
THOI GAN
THUC
|
DOC CAM
T
Yot tge
twoe 4o
y
| G UN TRUG
"
/QUEN, TRUE CHE DO
FALSE }
/QUET. TRUE
FALSE l
————]
FALSE =0/

Hinh 4: Hoat déng téng quan.

Mot vi du 1a qué trinh pha dung dich
tu dong dua trén néng do chét rin hoa tan
TDS nhu thé hién & Hinh 5. Dau tién hé
thdng tinh sai s6 TDS = Setpoint TDS — gia
tri TDS ma cam bién doc duoc dé quyét
dinh thoi gian pha sé& 1 20s néu sai s6 16n
hon 100 PPM, hodc 6s néu sai s nhé hon
20 PPM. Do thé tich dung dich pha tron
phu thudc vao thoi gian bom, nén dé cai
thién d6 chinh xéc, cac duong 6ng hat va
duong 6ng xa cua 2 may bom nhu dong,
cling nhu van téc quay ctia chung phai
tuong duong nhau.
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THUAT TOAN
PHA TU DONG

CHENH LECH TDS = SETPOINT TDS -
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MAY_BOM_B=1 MAY_BOM_B=1
TP=T.sec+THOI_GIAN_PHA TP=T.sec+THOI GIAN_PHA
KHOAT=1 KHOA1=1
l TRUE
FALSE FALSE
~~ TP=T.sec& w
‘ ~_KHOA1=1 TP=T.sec&
~N KHOA1=1
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MAY_KHUAY=2
m\\((_ggmtﬁ MAY_BOM_A=1
MAY BOM B=2 MAY_BOM_B=2
TP=T:sec+THO!_GIAN_PHA TP:T'SG"I*(L*C')%—:%'AN—PHA
KHOA1=2
7 FALSE
FALSE o o o _TP=Tsec& .
. " KHOA1=2 NIHOR=Z -
l TRUE lTRUE
MAY_KHUAY=1
MAY_BOM_A=1 MAY_KHUAY=1
MAY_BOM_B=2 MAY_BOM_A=1
KHOA=0 MAY_BOM_B=2
KHOA=0

Hinh 5: Luu dé chuong trinh pha tu déng.

Ché d6 Manual: cho phep ngum
dung diéu khién truc tiép cac co ciu chap
hanh bang cac phim c6 trén hé thong. Khi
nguoi diéu khién vao ché do Manual hé
théng s& uu tién ché do nay va tam ding
ché do Auto.

Ngoai ra ché d6 canh béo qua tin nhian
SMS ciing dugc ung dung trong hé thong

48

thuy canh nay. Khi cic gia tri cam bién

nhi¢t do 16n hon 37 °C hodc gia tri nhiét

dd nude nho hon 16 °C, hé thong s€ giri tin

nhan cho so6 dién thoai ta da cai dat trudec.
2.2.3 Giao dién Web server

Mot giao dién Web server dugc xay
dung st dung Node-RED thong qua giao
thirc MQTT (hinh 6b) d€ hién thi va luu trir

TAP CHi KHOA HOC | hng 5025



JOLIPI’]CII o]( Science - V L U T E

s6 lidu doc duge tir cac cam bién. Cu thé
hon, khi khdi xtr Iy trung tim MEGA2560
doc cac dir liéu cam bién 30s mot 1an thi
s& lap tirc truyén qua khéi két ndi Internet
Node MCU ESP8266. Khi nay s& gén cac

8
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dir lidu vao topic twong tng dé tiép tuc dua
1én Broker (HiveMQ) thong qua giao thure
MQTT. Cubi cing, Node RED s& ldy cac
di liéu tai Broker (HiveMQ) thong qua
giao thirc MQTT (hinh 6a).

MQTT

o

Node-RED

Hinh 6: a. So dé téng quadt truyén dit liéu Ién Web server; b. Giao dién Web server.

3. KET QUA VA THAO LUAN

Hé théng sau khi hoan thanh duoc tién
hanh van hanh thtr nghiém véi két qua thu
duoc 13 kha quan: van hanh 6n dinh & ché
d6 Manual va Auto thong qua viéc diéu
khién cic phim nhin; giam sat dugc cac
thong s6 moi truong vé nhiét do, d6 am,
cuong do anh sang, d0 PH, nhié¢t do, va
TDS cua dung dich dinh dudng; cac thong
s0 dugc gidm sat trong thoi gian dai voéi
cac tin hiéu truyén 1én Web server 6n dinh,
khong bi nhiéu bai cac tai cam; dir liéu thu
thap duoc cod thé duoc luu vé may tinh ¢
dinh dang file Exel; hé thong goi tin nhin
canh bao vé dién thoai nguoi diéu khién.

Déi v6i viée pha dung dich tu dong: hé
thdng dat duoc Setpoint TDS 1a 400PPM
trong gan 40 phut véi sai s thap hon 10%.
Gia tri TDS do duoc tir cam bién cling dugc
so sanh v6i két qua tir thiét bi do thwong mai
v6i sai 1éch vao khoang 10%. Két qua thuc
nghiém ciia hé thong thuc té dwoc thé hién &
hinh 7. Qua trinh thtr nghiém duoc 1ap lai 6
1an v6i két qua tom tit & Bang 2. Ta thdy, hé
thong pha dung dich tu dong chay on dinh
voi sai s6 didu khién khong qua 10%. Két
qué nay 13 hoan toan 1a chip nhan dugc.

TRUGONG DAl HOC SU PHAM KY THUAT VINH LONG

Bdng 2: Pdanh gid chat lwong pha
dung dich tw dong.

S6 lan Setpoint Két Qua
thuc hién TDS do dugc

1 200 220

2 350 330

3 400 392

4 400 430

5 400 437

6 400 399

Hinh 7: Ddp ting ctia hé théng véi Setpoint TDS.
Hé théng duoc tién hanh thu nghiém
vao giai doan 2 voi viée trong trén rau
mudng. Két qua cho thy, h¢ thong co thé
van hanh lién tuc mot cach on dinh trong
thoi gian dai. Cay rau phat trién va duoc
thu hoach thanh cong trén hé théng (hinh
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8). V& mit k¥ thuat trong rau, mot sb kinh
nghi¢m cling dugc rut ra nhu sy can thiét
phai kiém soat nhiét do, @6 am dé han ché
bénh gi tring, str dung man che dé han ché
sau bénh, con tring, quan tdm van dé cung
cap dinh dudng dé cay 16n dong déu.

4 [V WP,

Mg\ \ , L
5 Lv"‘:'/‘ |} i 5 v ’
\ e

Hinh 8: Cdy phat trién trén gian ngay thi 18.
4. KET LUAN

Hé théng trong rau thuy canh tng
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dung cong nghé IoT va pha dung dich tu
dong da dugc hoan thanh. Hé théng dam
bao duoc viéc thu thap thong tin tir ddi
tugng canh tc ciing nhu truyén nhan dir
liéu 1én Web Server phuc vu tdt cho qua
trinh giam sat, luu trir dir liéu va dua ra
canh bao. Qua trinh pha dung dich tu
dong cho két qua tot voi sai sb khong qua
10% so v&i gia tri dat. Két qua trong thuc
nghiém trén rau mudng 1a kha quan voi
ti 18 cdy phat trién dén khi thu hoach dat
hon 90%. Mic di mot sb cai tién can duoc
thuc hién nhu viéc vé sinh cam bién, on
dinh nhiét do dung dich dinh dudng hay
bao v¢ rau tréng khoi con trung c6 hai, mo
hinh co ban da dap ung dugc viéc tu dong
hoa cong doan cham s6c va giam sat trong
trong rau thuy canh.
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