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TOM TAT

Nghién ctu nham &ng dung céng nghé 10T cho hé théng giam sat, diéu khién tr xa cac théng sé méi trwong
ctia mé hinh aquaponics quy mé nhé trong hé gia dinh. Trong nghién ctru, cac théng sd méi trwérng nwéc (pH, DO,
nhiét dd, mwc nwéc) va moi trwong khong khi (nhiét do, dd 4m, anh sang) cia mé hinh aquaponics nwéc can (NFT -
Nutrient Film Technique) dwgc giam sat tir xa (24/24h) théng qua giao dién cta (rng dung Blynk trén dién thoai hoac
may tinh. K&t qua tht nghiém cho thay théng sb hién thi trén giao dién giam sét tlr xa c6 sai sb kha nhé so véi gia tri
do dwoc trén dung cu do mau, dao dong trong khodng 1% + 2%. Khi cac théng sé do ndm ngoai nguéng cho phép,
hé thdng sé& gtvi tin nhan canh bao t&i dién thoai. Bén canh do, hé théng con c6 kha nang lwu tri di liéu do dwoc
trong khoang théi gian 06 thang dé phuc vu cho muc dich nghién ctru, danh gia hoat déng ctia md hinh aquaponics.

T khoa: loT, aquaponics nwéc can NFT, giam sat va canh bao ty déng

Application of lot Technology in Environmental Monitoring
for Small - Scale Vegetable-Fish Farming (Aquaponics) in Households

ABSTRACT

This research aimed to apply 10T technologies in monitoring and controlling the water and air environment
parameters of a small-scale aquaponics system in households. In this study, parameters of water environment (pH,
DO, temperature, water level) and air environment (temperature, humidity, light) of an aquaponics system
(NFT - Nutrient Film Techniquec) are monitored remotely (24/24h) through the application of Blynk on a smartphone
or a computer. Test results show that the parameters displayed on the remote monitoring interface have quite small
errors compared to the values measured on the sample measuring tool, fluctuating in the range of 1% + 2%. When
the measured parameters are outside the range of expected threshold values, the system will send a warning
message to the phone. In addition, the system is also able to store the measured data in a 6 months period for
researching and evaluating the operation of the aquaponics system.

Keywords: IoT, NFT aquaponics system , automatic monitoring and warning system.

y . R Aquaponics 12 moét hé thong tich hgp gitia
1. PAT VAN DE

aquaculture (nudi tréong thuy san) va

Hién nay, xu huéng tu nudi trong dé c6 thuc hydroponics (thty canh). Hé thong aquaponics

pham sach va an toan clia con ngudi ngiy cang  hoat dong nhd nguyén tdc cong sinh cua hé sinh

cao, vi vay c6 rat nhiéu mé hinh tréng rau, nuéi
cé tai ho gia dinh dugc ra doi dé dap tng nhu
ciu trén. Trong d6 c6 thé ké dén cic mo hinh
tréng rau sach phé bién hién nay nhu mé hinh
khi canh, thiy canh, mé hinh aquaponics két
hgp gifia trong rau - nudi ca.
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thai: cdy - vi sinh vat - ca. Chat thai cta ca va
phén ca (du6i dang amoniac) sé dudc vi sinh vat
(trong bon loc vi sinh) chuyén hoéa thanh nitrat 1a
dinh dudng cho ciy hap thu. Qua trinh hip thu
ch4t dinh dudng nay cting chinh 1 qua trinh 1am
sach nuéc ban tit ch4t thai ciia ca va tra lai nuée
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sach vao ho ca. Trong hé théng aquaponics can
kiém soat dudc dong thoi su phat trién cua rau
va ca thong qua viéc ddm bao mdi trudng sinh
trudng t6t nhat cho ca hai loai. P& tang hiéu qua,
ning sudt cia mé hinh aquaponics., ngoai yéu to
vé cay, con giéng, gia thé, vi sinh vat..., viéc tGng
dung cic cong nghé méi dé gidm sat, diéu khién
tu xa dang dugc nghién ctu ap dung, trong d6
phai ké dén coéng nghé Internet van vat
(Internet of Things - IoT). Céng nghé IoT ap
dung trong hé théng aquaponics s& cho phép
ngudi dung giam sat dude thuong xuyén, lién
tuc mdi truong nuée (d6 pH, nong do oxy hoa
tan DO, nhiét d6 nuéc..) va moi truong khong
khi (nhiét d6, do 4m, 4nh sang..), dua ra canh
béo dé c6 hudng xt 1y phu hgp.

Nghién cttu vé ting dung IoT trong giadm sat
hé thong aquaponics dd dugc nhiéu tac gia dé
xuéat. H6 Thanh Huy & cs. (2021) da xay dung
moét giao dién giam sat tu xa qua tng dung
Blynk trén dién thoai cho m6 hinh tu tréng rau
- nudi ca aquaponics. Trong mé hinh nay, cac
thong s6 nhiét do, d6 4m va do roi duge giam sat
tu dong, déng thdi c6 thé bat/tit cac thiét bi
ngoai vi nhu quat, dén, phun suong t giao dién
trén dién thoai. Tuy nhién, méi truéng nude
trong bé ca nhu pH, DO, nhiét d6.. chua dugc
giam sat tu dong.

Trong cac nghién cttu khac vé tng dung IoT
cho hé thoéng aquaponics, phan giam sat bang
cong nghé IoT duge thiét lap diy du hon dé c6
thé do cac thong s6 trong cd méi trudng nude va
khong khi ctia hé théng nhu: muc nude va dé pH
trong nudc, nhiét do va d6 4m khong khi (Abhay
& cs., 2018; Sujatha & cs., 2021), hodc giam sat
thém thong s& nhiét do nudc, toc dd dong chay
(Rao & cs., 2021).

Mo hinh hé théng aquaponics tu déng dudc
ap dung cho déi tugng nudi trong cu thé 1a ca ro
phi séng Nile va rau diép Romaine v6i kha ning
kiém soat do pH, nhiét d6 thong qua Internet of
Things (IoT) (Valiente & cs., 2018). M6 hinh s
dung két hop v6i camera giam sat, sau d6 thuc
hién so sanh hang tuin dé danh gia su phat
trién cta cAy va ca trong hé théng aquaponics
tu dong. K&t qua cho thdy rau va ca trong hé

thong aquaponics tu ddng c6 mic ting trudng
16n hon dang ké so v6i phuong phap truyén
théng. Piém chung cua cac nghién ctu nay la
déu giam sat dudc théng s6 moi trudng bé nudi
va moi truong khong khi xung quanh khu vuc
tréng rau nhung chua thuc hién diéu khién cac
thiét bi trong hé théng aquaponics dé tao moi
trudng sinh trudng tot nhat cho rau va ca.

Ngoai van dé giam sat cac théng s6 mdi
trudng cua hé théng aquaponics., van dé cung
c&p ning lugng dé hé théng hoat dong 6n dinh
cling dugc quan tdm trong nhiéu nghién ctu
nhu: thiét k& hé thong gidm sat va diéu khién
dua trén IoT cho hé théng aquaponics chay bang
ning lugng mat troi (Taji & cs., 2021; Edgar cs.,
2019; Murdan & Joyram 2021).

Nhiing nghién ctiu trén diy da cho thay vai
tro to 16n va kha ning tng dung thuc tién cao
cua cong nghé IoT trong phat trién nhiing mé
hinh néng nghiép céng nghé cao cho cac khu vuc
do6 thi déng dan, han ché& vé dién tich canh tac,
dic biét 14 md hinh két hop tréng rau - nudi ca
aquaponics. Hién nay, trén thi trudong ciing c6
nhiéu céng ty, doanh nghiép cung cap dich vu
aquaponics, tuy nhién trong cdc hé théng nay,
van dé tu dong hoa vé giam sat, diéu khién chua
duge ap dung triét dé cho céc giai doan nudi
trong trong hé thong. Trong pham vi nghién ctiu
nay, chung téi tng dung céng nghé IoT dé giam
sat cac thong s6 méi trudng nude trong bé nudi
ca (nhiét do, do pH, nong dd oxy hoa tan) va moi
trudng khong khi (nhiét do, d6 4m, 4nh sang)
xung quanh cac mang tréng rau cua hé thong
aquaponics quy md nho trong cic ho gia dinh.

2. PHUGNG PHAP NGHIEN CcUU
2.1. Vat liéu

2.1.1. M6 hinh hé théng aquaponics

Hé théng aquaponics ¢6 nhiéu kiéu dang va
thich nghi véi cac diéu kién khi hau ciing nhu
miic d6 dau tu khac nhau, phu hgp véi viéc nubi
tréong nhiéu loai rau va ca. Tai cac thanh phd
16n, da xuat hién nhiéu md hinh aquaponics
nham dap tng mot phan nhu cau tu cung tu cip
thuc phdm an toan cta con ngudi. Trong d6, hé
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théng aquaponics quy mé nhd da va dang trd
thanh mot lua chon kha thi dé cung c&p mot ché
d6 an lanh manh cho cac ho gia dinh. Bén canh
d6 aquaponics dudc xem 13 md hinh san xuét
luong thuc bén viing vi c¢6 thé tiét kiém, tai ché
nuéec va chat dinh dudng.

Hién nay, c6 3 dang mé hinh hé théng
aquaponics phd bién:

Mo hinh aquaponics tudi ngap xa can (MB -
Media-Based): mé hinh nay rat phé bign dé
phat trién cho nhiing hé théng aquaponics cb
quy mé nhoé. Cac thanh phan ciia mé hinh
khong qua phtc tap, qua trinh hoat dong don
gian, phit hgp v6i hau hét cac loai rau ca qua,
qué trinh nuéc dang 1én hay rit xuéng viia cung
cap du nudc cho cay viia cung cip dudc oxy cho
ré cdy ho hap. Tuy nhién chét thai rdn va tan
du tu ré, la.. tich tu trong khay sé can trd dén
su luu théng ctia nudce.

M6 hinh aquaponics nudc can (NTF -
Nutrient Film Technique): mé hinh nay phtu hgp
phat trién theo chiéu doc, b6 tri dude nhiéu tang
ma khong can dién tich 16n. Pay 1a phuong phap
trong rau sach biang ong ngang véi dong nudc
can, cac chat dinh dudng ti hdé ca dudgc chay
ngang qua ong, rau dude dit trong céc 16 héng
dudc khoét s&n d phan trén cta dng nuéc.

Mo6 hinh aquaponics nudc sdu (DWC - Deep
Water Culture): mé hinh nay thich hgp cho dién
tich va quy mdé thuong mai 16n, chuyén canh mot
loai cAy trong cu thé (rau diép, xa lach, basi..) va
phit hop hon véi co gidi héa. M6 hinh nay yéu cau
cac ky thuat phtc tap, khong thich hgp cho
khéng gian nhé nén thusng duge trién khai cho
cac du an thuong mai 16n, cho ning suét cao.

Dua trén nghién ctiu vé ciu tric, nguyén ly
hoat dong va uu nhugc diém cta ba dang mé
hinh aquaponics, dé dap tng nhu cau trong rau
- nudi ca trong quy md ho gia dinh véi dién tich
canh tac nhd, nhém nghién cttu da lwa chon
dang m6 hinh aquaponics nuéc can NFT véi cac
uu diém: tiét kiém nudc do trong hé théng NFT,
tai mot thoi diém c6 rat it nude di qua ré cay,
thém vao dé6, day 14 mot hé thong tuan hoan, c6
nghia 14 nuée dude bom ra khoi bé ca sé duge
thu giit va tai sd dung, do d6 can it hon dang ké
so véi cac hé thong st dung nudc méi mbi 1an; dé
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dang canh tac theo chiéu thing ding nén tiét
kiém dién tich dit dé; nude chay lién tuc trong
hé théng nén mudi khong thé tich tu & mét vai
vi tri trong thoi gian dai, do d6 han ché dudc su
can trd cia mudi vé6i dung dich dinh dudng va
cac van dé cho cay tréng; st dung it vat liéu hon
do hé thong NFT khéng yéu ciu st dung nhiéu
gia thé dé hd trg than va ré cta cay.

2.1.2. Hé théng giam sat va diéu khién
aquaponics nuéc can NFT

Trong hé thong aquaponics nuéc can NFT,
dong nuéc duge ludon chuyén lién tuc, tuln
hoan tit bé nudi ca qua bod loc cd, bo loc vi sinh
dén cac mang trong rau va trd vé bé nudi ca, do
dé6 chat lugng nudc s& anh hudng truc tiép dén
ca hai d6i tuong la cay trong va ca nudi. Bén
canh dé, cac diéu kién vé chat ludng khong khi
nhu nhiét d6, d6 4m, anh sang ciing anh hudng
dén su phat trién cta cdy tréng. Trong nghién
cliu nay, ching t61 dé xuat mot hé thong giam
sat 24/24h hai moi trucng: nudc va khong khi
trong hé théng aquaponics, 4p dung cho dang
md hinh aquaponics nuéc can quy md nho tai
cac ho gia dinh.

M5 hinh aquaponics nuée can gdbm hai phan
chinh: bé nuéi cA va cic méang tréng rau.
Nguyén téc tinh toan, lua chon dung tich bé ca
aquaponics 12 phai ddm bao diéu kién: khi nudc
trong tit ca cadc mang tréng rau déng thoi xa
can thi bé ca khong bi day tran va khi nudc
trong tat ca cAc mang trong rau déu dang ngap
thi bé ca khong bi can. Do vay thé tich bé ca téi
thiéu d6i v6i hé théng aquaponics nuée can NFT
sé bing tong thé tich cic cAc mang trong rau.
Trén co s d6, hé théng aquaponics nudc can
NFT dugc thiét k& gdbm 01 bé nubi ca kich thude
740 x 400 x 350mm, khong gian phia trén bé ca
duge dit 05 mang trong rau, mdéi mang dai
1.100mm, phia trén khoét 06 15 dé trong cay.

Duya trén c4u tric va nguyén ly hoat dong
ctua hé théng aquaponics NFT, chiing t6i nghién
ctiu tng dung cong nghé IoT dé giam sat, didu
khién cac thoéng s6 mdi trudng nudc trong bé
nudi cd va moi trudng khong khi xung quanh
cac mang trong cay. Hinh 2 thé hién cac thiét bi
trong hé théng IoT gidm sat ap dung cho mo
hinh aquaponics.
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N/ N/ N/ \/ % Nhiét dé
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\5 Anh séng

Bo diéu khién
trung tdm

Hinh 2. M6 hinh giam sat va diéu khién aquaponics nuéc can NFT

Sau khi cap ngudn cho hé théng, may bom
sé& hoat dong bom nudc sang bé loc vi sinh, tit
day nuée duge bom qua cAc mang trong ciy va
dugc thu héi tré vé bé ca; Cam bién do cac gia
tri moéi trudng nude (nhiét do, d6 pH, nong do
oxy), khong khi (nhiét d6, d6 4m, anh sang) dudc
cdp ngudn va bit dau do, truyén tin hiéu vé bo
diéu khién trung tam va hién thi gia tri 1én man

hinh HMI; MAy suc khi sé& hoat dong, khi nong
d6 oxy hoa tan trong nuéc DO 16n hon gia tri
ngudng cai dat thi may suc khi sé diung hoat
dong. Qua trinh diéu khién c6 thé thuc hién
trén giao dién giam sat tu xa trén dién thoai
thong minh ho#c may tinh. Dén canh bio sé
sang khi cac gia tri pH, DO, muc nudc ngoai
ngudng cai dat.
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Suc khi May bom
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Cam bién cudng do anh sing
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Méy tinh

-
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Hinh 3. So d6 khéi cac thiét bi IoT trong hé théng aquponics nuéc can NFT

2.2, Phuong phap nghién cttu

2.2.1. So dé khéi cac thiét bj trong hé
théng IoT

D& giam sat cac théng s6 ciia mdi trudng
nuéc, chiing t6i lua chon cac ciAm bién sau:

Cam bién ndng d6 oxy hoa tan DO DFRobot
c6 dai do tir 0 + 20 mg/l. Module cam bién DO
gom dau do oxy hoa tan véi ddu do Galvanic va
bang mach chuyén déi tin hiéu dung bdé ngudn
3,3 + 5,5V, tuong thich véi hau hét Arduino, dau
ra analog 0 + 3V, tuong thich v6i tat ca cac bo vi
diéu khién c6 chiic ning ADC.

Cam bién do d6 pH analog DFRobot c6 dai
do ttt 0 =~ 14pH véi d6 chinh xac + 0,1pH & 25°C.
Module cam bién pH bao gém cam bién pH (dau
do pH) va mach chuyén déi tin hiéu cho phép
chuyén d6i gia tri pH thanh tin hiéu dién ap va
¢ thé giao tiép truc tiép véi bat ky bo didu
khién nao.

Cam bién nhiét do6 nuéec DS18B20 c6 dai do
tir -55 =+ 125°C véi sai s6 + 0,5°C khi do 6 dai
-10 + 85°C, dugc st dung dé giam sat nhiét do
nuéc trong bé nudi ca. Ngoai ra, cam bién siéu
am HY-SRF05 c6 khoang cach do 20 + 4500mm,
sai s6 bmm duge ding dé giam st muc nudc
trong bé nudi ca.

D61 v6i méi truong khéng khi xung quanh
khu vuc cac mang trong cdy, nhom nghién ctiu
st dung cac cam bién nhiét do, d6 4&m DHT11
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v6i khoang do d6 4m 20 + 90% RH (sai s6
5%RH), khoang do nhiét d5: 0 + 50°C (sai sO
2°C) va cam bién cudong d6 anh sang BH1750 c6
khoang do 1 + 65.535lux dé giam sat.

Bo6 diéu khién cho hé théng aquaponics st
dung médun thu phat wifi ESP8266 NodeMCU
LUA CH340G dé thu nhan théng tin tit cam
bién, thuc hién chtic ndng truyén nhan dii liéu
qua wifl t61 giao dién giam sat trén dién thoai
thong minh va may tinh thong qua tng dung
Blynk, gti tin hiéu diéu khién t6i may bom, may
suc khi. Mach ESP8266 NodeMCU v3 dugc phat
trién trén chip Wifi SoC ESP8266 dudc tich hop
GPIO, PWM, 12C, 1-wire, ADC, bd nhé 32Mb va
dic biét dé dang truy cap wifi, rat thich hop st
dung cho céc ting dung thu thap, diéu khién qua
wifi va nhiéu ting dung khac lién quan téi IoT.

2.2.2. So d6 mach nguyén ly

Bo diéu khién cho hé théng aquaponics gbm
2 médun thu phat wifi ESP8266 NodeMCU
LUA CH340G, trong d6 ESP8266 NodeMCU-v3
mot nhan tin hiéu tit cam bién do nhiét do va
néng @6 DO hoa tan trong nude, ti d6 xu 1y va
phat lénh diéu khién t6i may bom (motor 1),
bom suc khi (motor 2) va dén canh bao. Modun
ESP8266 NodeMCU-v3 hai nhin tin hiéu tu
cam bién siéu Am do muc nudc, cdm bién do do
pH trong bé va cadm bién do nhiét do, d6 4m, do
roi Anh sang moi truong khong khi xung quanh
cidc mang trong cay.
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Khdéi tao he thing
Khai bao bién pH, DO, mwc ndc,
nhiét 36, 46 im, anh sing

!

Bom tuin hoan = 1
Suckhi=1

!

Tin hidu tir cac cam bién

:

Khéi xtt If ESP8266

'

Hién thi gid tri pH, DO, mue nudc,
nhigt 36, 36 4m, anh sang trén LCD,
giao dién Blynk

Suckhi=1

Y

Gi tin nhin canh bdo
dén dién thoai qua
ng dung Blynk

Hinh 6. Luu d6 thuat toan giam sat va diéu khién

2.2.3. Luu dé thuit toan

B6 diéu khién nhén tin hiéu tit cdm bién va
gtii thong s6 1én Blynk server. Blynk server gti
lai tin hiéu diéu khién cai d#t béi nguosi dung dé
diéu khién may bom nude tudn hoan va suc khi.
O ché db tu dong, may bom nudc tuAn hoan sé
bat, bo diéu khién sé so sanh gia tri nhan duge
ti cAdm bién DO véi gia tri DO cai dat, tu d6
phat tin hiéu bat hoic tit may suc khi. Cac
théng s6 khac ctua hé thong bao gom do pH,
nhiét d6 nude, nhiét do, 6 4m khéng khi, d6 roi
chia anh sang ciing dude thu thap lién tuc va
hién thi trén giao dién Blynk trén may tinh
hodc dién thoai. B6 diéu khién sé gii ban tin
canh bio dén ngudi dung khi cac gia tri vugt
ngudng cai dit véi thong tin canh bao duéi dang
popup trén dién thoai.
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3. KET QUA VA THAO LUAN
3.1. Lua chon d6i tugng nudi trong

Dé thi nghiém hoat dong ctia hé théng,
nhém nghién cttu da tién hanh lya chon loai cay
rau va ca dé nuéi trong trong hé théng. Hau hét
cac loai rau #n 14 déu c6 thé phat trién tét trong
hé théng aquaponics. Tuy thudc vao nhu ciu
ctia ngudi st dung va diéu kién thoi tiét khu vuc
nudi trong cé thé lua chon cac loai rau nhu: rau
mudng, xa lach, cai xanh, bép cai, mong tai, rau
dén, cac loai rau thom (hanh, qué, ngo).. Trong
tht nghiém nay, ching t6i chon cay xa lach dé
gieo trong do day 1a loai rau phat trién dic biét
t6t trong aquaponics nhd nong d6 dinh dudng t6i
uu trong nudc.
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Hinh 7. M6t s6 hinh Anh mé hinh hé théng aquaponics NFT

X Cac Théng S6 Giam Sat

733 >

8.9
6.9

6‘0% 26"

X  Piéu Khién

S 22"

Hinh 8. Giao dién giam sat, diéu khién trén dién thoai

Loai ca dudc nudi phé bién trong hé théng
aquaponics la ca r6 phi, ca chép vang, ca Koi.
Day 1a nhiing loai ca cé stic song khée, chiu dugc
thay d6i cia méi trudng nude va cho nhiéu chat
thai. Trong hé théng aquaponics nay, ching toi
tha c4 r6 phi ¢d nhd trong bé nudi dé thuc hién
thi nghiém hoat dong ctia hé théng.

Trong hé théng, bo loc vi sinh st dung hat
loc nhua Kaldnes hay con goi 1a gia thé vi sinh
MBBR dugc thiét ké& c6 hinh dang gidhg nhu mét
chiéc banh xe, hoat dong hiéu qua trong viéc gitp
loai bo duge ammonia va nitrite doc hai ra khoi
nudce tit bé ca dé cung cp cho cay trong.

3.2. Giao dién giam sat, diéu khién tir xa

Dé thuc hién qua trinh giam sat va diéu
khién hé théng aquaponics, nhém nghién ctu

thiét ké giao dién giam sat, diéu khién tir xa cho
hé théng théng qua tng dung Blynk trén dién
thoai thong minh va giao dién Blynk web trén
may tinh laptop.

Giao dién giam sat, diéu khién tit xa cac
thong s6 moéi truong hé théng aquaponics NFT
trén dién thoai théng minh dugc thiét ké& dua
trén ting dung Blynk véi hai phan: cac thong s6
giam sat gom pH, muc nude, d6 4m, nhiét do
khéng khi va anh sang; bang diéu khién thi gia
tri DO, nhiét do nuée va cac nut bat/tit suc khi
va bom nudéc.

Thong s6 moéi trusng hé théng aquaponics
NFT ciing c6 thé giam sat tit giao dién giam sat
diéu khién tir xa trén may tinh théng qua Blynk
web véi giao dién truc quan va cé kha ning luu
trii dit liéu ctia hé théng.
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Hinh 9. Giao dién giam sat, diéu khién trén may tinh

Bang 1. K& qua giam sat DO méi trudng nudc trong bé ca

Thoi Ngay 1 Ngay 2 Ngay 3
glan DO (mg/l) DO (mg/l)  Saisbd DO (mg/l) DO (mg/l) Saisd DO (mg/l) DO (mg/l) Saisb
do (H18043) (Blynk) (%) (H18043) (Blynk) (%) (H18043) (Blynk) (%)
13:30 7,50 7,29 2,80 7,20 7,27 0,97 7,35 7,36 0,14
13:45 7,54 7,29 3,32 7,37 7,40 0,41 7,32 7,35 0,41
14:00 7,56 7,27 3,84 7,32 7,40 1,09 7,37 7,35 0,27
14:15 7,34 7,15 2,59 7,28 7,35 0,96 7,42 7,39 0,40
14:30 7,38 7,32 0,81 7,32 7,35 0,41 7,39 7,38 0,14

3.3. K&t qua th nghiém

Chtic néng giam sit mdi trudng hé théng
aquaponics

Nhém nghién ctu thuc hién thi nghiém
hoat dong hé théng giam sat cho mé hinh
aquaponics NFT véi cac két qua ghi nhan truc
ti€p tai man hinh HMI gén trén hé théng va két
qua giam sat ti xa qua giao dién giam sat trén
Blynk va may tinh laptop. Két qua giam sat
trén HMI va trén tng dung Blynk dudc so sanh,
danh gia v6i két qua do tu cac thidt bi mau
tuong Gng.

Tién hanh do dac va ghi lai két quéa do hai
thong s DO va pH trong bé nudi tai cc thoi
diém trong 03 ngay khac nhau bing may do DO
Hanna HI8043 (sai s6 * 1,5%) va by pH KIT
TEST, tit d6 danh gia sai s6 cia hé thong giam
sat aquaponics. Két qua do duge trinh bay trong
bang 1 va bang 2

Néng do DO t6i vu cho méi sinh vat trong
hé aquaponics phat trién manh ndm trong
khoang tit 5 + 8 mg/l, mot s6 loai c4, bao gom
ci chép va ca 16 phi, c¢6 thé chiu duge mie DO
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thap t61 2 + 3 mg/l. Két qua do DO cho thay
néng d6 DO trong nudc cta bé ca ndm trong gidi
han cho phép d6i v6i ca dugc nudi, dong thoi sai
s6 gitia cadm bién DO so véi may do DO Hanna
kha nhd (t 0,14% + 0,41% & ngay do thd 3), sai
s6 caa cac 14n do sau giam do thay ddi cach dit
dau do cam bién va may do.

Trong hé théng aquaponics, khoang pH
thich hop cho cdy rau va ca la ti 6 + 7. Két qua
do d6 pH trong bé nudi ca cho thdy gia tri do
dudc tit bd cdm bién ctia hé thong giam sat va ti
bo pH Kit Test x4p xi bing nhau véi sai s6
khoang 2%. D6 pH ctia nuéc do dugc tai thoi
diém tht nghiém hoan toan phit hgp véi yéu cau
méi trudng cho su phét trién cta ciy rau va ca
trong hé thong aquaponics.

D61 v6i moéi truong khong khi xung quanh
cac mang trong rau, nhém nghién ciu st dung
cac thiét bi do nhiét do, d6 &m khong khi va anh
sang Lutron LM8102 (sai s6 cia may do: nhiét
do + 1,2°C, d6 Am + 4%, anh sang + 5%) dé so
sanh, danh gii két qua thu dugc tu cac cam
bién dudc st dung trong hé théng gidm siat mo
hinh aquaponics.
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Bang 2. K&t qua giam sat pH méi trudng nudce trong bé ca

Ngay 1 Ngay 2 Ngay 3
Thoi gian do pH pH Sai sb pH pH Sai s pH pH Sai sb

(pH Kit Test) (Blynk) (%) (pH Kit Test) (Blynk) (%) (pH Kit Test)  (Blynk) (%)
17:30 6,7 6,76 0,90 6,6 6,67 1,06 6,6 6,72 1,82
17:45 6,7 6,79 1,34 6,6 6,7 1,52 6,6 6,78 2,73
18:00 6,7 6,51 2,84 6,6 6,69 1,36 6,6 6,75 2,27
18:15 6,7 6,59 1,64 6,7 6,62 1,19 6,6 6,7 1,52
18:30 6,7 6,82 1,79 6,7 6,65 0,75 6,6 6,78 2,73

Bang 3. Két qua giam sat thong s6 méi truong khéng khi

. Nhiét d6 khang khi (°C) D6 &m khang khi (%) D6 roi (Iux)
Lan do LM8102 Blynk  Saisb (%) LM8102 Blynk  Sai sb (%) LM8102 Blynk  Saisb (%)
1 29,2 29 0,7 62,56 62,14 0,7 20130 20513 1,9
2 29,3 29 1,0 62,15 63,00 1,4 20050 20297 1,2
3 30,1 30 0,3 62,33 63,00 1,1 20280 20795 2,5
4 29,6 30 1,4 63,00 62,69 0,5 20195 20968 3,8
5 29,3 29 1,0 61,56 61,71 0,2 20250 20792 2,7
Sai sb trung binh 0,9 Sai sé trung binh 0,8 Sai sé trung binh 2,4
Blynk Notification
Céc thong s6 gism sét:
Canh bao do pH c6 hai
M(ic pH vugt ra ngoai khoang gia tri cai
dé;. Hay kiém tra lai hoat dong ctia hé
thong
Hinh 10. Théng tin canh bao khi pH vugt ngudng
Bang ké&t qua cac thong s giam sat moi  thiét bi do cAm tay.
truong khong khi xung quanh cac mang tréng K&t qué thit nghiém trén day cho thiy kha
rau cho thdy sai s6 kha nhé gitta s6 liéu do  ning giam sat chinh xac cac thong s6 méi
duge ti cac cam bién trong hé théng so v6i  trudng cho hé thong aquaponics.
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A B C D E F G H
1 |Time pH DO Muc nuoc Nhiet do nuoc Nhiet do khong khi Do am Anh sang
2 4/6/2023 13:01 6.54 7.13 58.33 29.3 335 67.76 20513
3 4/6/2023 13:00 6.57 713 60.08 293 33.5 67.56 20597
4 4/6/2023 12:59 6.60 7.14 60.23 29.3 33.3 67.56 20595
5 4/6/2023 12:58 6.55 713 60.07 293 33.5 67.56 20768
6 4/6/2023 12:57 6.52 7.12 58.14 29.3 335 67.56 20792
7 14/6/2023 12:56 6.43 712 59.85 29.2 33.5 67.56 20713
8 4/6/2023 12:55 6.51 7.12 59.36 29.3 33.5 67.56 20797
9 4/6/2023 12:54 6.53 713 59.86 293 33.5 67.56 20795
10 4/6/2023 12:53 6.53 7.12 59.71 29.3 33.5 67.66 20868
11 |4/6/2023 12:52 6.58 711 60.76 292 33.5 67.56 20592
12 14/6/2023 12:51 6.52 7.10 60.31 29.2 33.3 67.46 20513
13 |4/6/2023 12:50 6.57 7.1 58.46 29.2 33.5 67.46 20797
14 4/6/2023 12:49 6.57 7.1 59.43 29.2 33.5 67.56 20795
15 |4/6/2023 12:48 6.51 712 60.64 29.2 33.5 67.56 20768
16 |4/6/2023 12:47 6.58 711 57.86 29.0 33.2 67.56 20792
17 |4/6/2023 12:46 6.57 711 60.42 29.2 33.5 67.56 20513
18 |4/6/2023 12:45 6.57 710 60.15 292 33.5 67.56 20597
19 |4/6/2023 12:44 6.57 711 61.02 291 33.5 67.66 20595
20 |4/6/2023 12:43 6.57 711 60.71 292 33.4 67.66 20568

Hinh 11. Trich bang lvu trt dit liéu

3.3.1. Chirc ning canh bao cua hé thong

Hé thong giam sat moéi trudng nude va moi
truong khong khi sé lién tuc cap nhat cic thong
s6 do dudc tit cac cAm bién, khi cac thong s6 nay
niam ngoai ngudng cho phép, hé thong sé gui tin
nhin canh bao qua thong bao gui vé giao dién
trén dién thoai. Trén hinh 10 14 minh hoa vé tin
nhén canh bao khi d6 pH trong nuéc ndm ngoai
ngudng, khi nhan duge tin nhin nay, ngusi st
dung c6 thé md tng dung dé cap nhat thong sé
moi trudng hién tai cia hé thong aquaponics ti
d6 c6 bién phap xu 1y kip thoi.

3.3.2. Chitc nang luu triwr dir liéu

D@ liéu duge luu tri trén Blynk Server
trong thoi gian 1én dén 06 thang. Di liéu c6 thé
tai vé bing cong cu Download Report tai méi
Driver trén Blynk server, bao gom thdi gian do
di liéu va gia tri ttng di liéu

4. KET LUAN

Hé théng giam sat va diéu khién dua trén
cong nghé IoT ap dung cho mé hinh aquaponics
nude can NFT da hoat dong 6n dinh véi cac chiic
ning: gidm sat moi trudng bé nudi ca (do6 pH,
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néng @6 DO, muc nudc); giam sat cac thong s6
moi truong xung quanh hé théng (nhiét do, do
4m, 4nh sang); diéu khién tu dong cac thiét bi
trong hé théng (bom suc khi, bom tuan hoan).
Trong hé théng, tin hiéu tit caAm bién sé dudge gli
t61 giao dién giam sat tu xa théng qua mang
internet, ngudi quan ly c6 thé kiém tra cac
thong s6, tinh trang thiét bi hoac bat/tit cac
thiét bi trong mo hinh béng cach thao tac truc
tiép trén man hinh HMI ho#c thong qua giao
dién giam sat st dung tng dung Blynk trén
may tinh va dién thoai théng minh. K&t qua thu
nghiém cho th&y thong s6 méi trusng bé nudi ca
va méi truong khong khi hién thi trén giao dién
giadm sat cua hé théng cé sai s6 kha nhé so véi
két qua do bang may do chuyén dung (sai sd caa
néng d6 DO dao dong trong khoang 1%, do pH
12 2%). So v6i cac mo6 hinh aquaponics truyén
thong hién c6 trén thi truong, moé hinh
aquaponics tu dong tng dung cong nghé IoT cb
kha nang giam sat ti xa (tuy c6 xuat hién sai sd
do t6c @6 truyén di liéu nhung khéng dang ké)
giii théng tin cdnh bio khi cac thong s6 giam sat
nidm ngoai ngudng cai dat, ddng thai c6 thé luu
trit dii liéu dudi dang bang excel thuan tién cho
nguoi quan ly.
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Hé théng giam sat, diéu khién dua trén
cong nghé IoT 4p dung cho hé théng aquaponics
c6 thé phat trién theo huéng tng dung cong
nghé xt 1y anh dé thu thap hinh anh vé cay
trong va ca nudi trong hé thong, tit d6 danh gia
diy @i hon vé hiéu qua ctia mo hinh trong rau-
nudi ca.

TAI LIEU THAM KHAO

Abhay Dutta, Pawan Tamang, Prayukti Dahal, Rabina
Prajapati & Saban Kumar K.C. (2018). loT based
Agquaponics  Monitoring  System. 1st KEC
Conference Proceedings. 1: 75-80.

Edgar Galido, Lean Karlo Tolentino, Benedicto N
Fortaleza, Rubie Jayne Corvera, Allen De Guzman,
Vergel Jay Espafiola, Clarisse Gambota, Allison
Gungon, Kyle Tristan Lapuz, Nilo Arago, Jessica
Velasco & Romeo Jr Lumabiang Jorda (2019).
Development of a  Solar-powered  Smart
Aquaponics System through Internet of Things
(10T). ResearchGate. pp. 31-39

Flordeliza L. Valiente, Ramon G. Garcia, Ellaine Joy
A. Domingo, Scott Martin T. Estante, Erika Joanna
L. Ochaves, Julian Clement C. Villanueva & Jessie
R. Balbin (2018). Internet of Things (IOT)-Based
Mobile Application for Monitoring of Automated
Aquaponics System. 2018 IEEE 10th International

Conference on Humanoid, Nanotechnology,
Information Technology, Communication and
Control, Environment  and Management
(HNICEM). pp. 1-6.

H6 Thanh Huy, Nguyén Thi Ngoc L&, Nguyén Vin
Hiéu, Truong Hoang Anh Khoa, Phan Thién Luan,
Nguyén Hoang PhGc & Thai Thi Xuan Diéu
(2021). M6 hinh ti nudi c4 - tréng rau aquaponics
v6i ky thuat diéu khién loTs. Tap chi Khoa hoc
Quédc té AGU. 27 (1): 101-112.

Khaoula T., Abdelouahid R.A., Ezzahoui I. & Marzak
A. (2021). Architecture design of monitoring and
controlling of loT-based aquaponics system
powered by solar energy. Procedia Computer
Science. 191: 493-498.

Murdan A.P. & Joyram A. (2021). An loT based solar
powered aquaponics system. 13th International
Conference on Electronics.,, Computers and
Artificial Intelligence (ECAI). pp. 1-6.

Rao K. Raghava, Hasane Ahammad Sk., Rajesh V.,
Sree Chandana M., Sai Tejaswi P., Swarna
Lakshmi P. & Phani Priya B. (2021). Design and
Implementation of an Automated Aquaponics
System using Internet of Things. Nat. Volatiles &
Essent. Qils. 8(5): 5125-5139.

Sujatha Anand, Stephena E., Indhumathi G., Ancy G.,
Madhumitha D. & Swathi S. (2021).
Intelligent Aquaponics using loT. IT in Industry.
9(2): 583-588.

681



