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TOM TAT

Bai bao nay trinh bay viéc thiét ké hé théng gidm sat cac thong s6 moi trudng va diéu khién thiét bi
trong mé hinh aquaponics dua trén cong nghé Internet van vat (Internet of Things - loT). Hé théng
nay cho phép ngudi dung gidm sét va diéu khién hoat dong clia cac thiét bj thong qua Ung dung
trén dién thoai thong minh, gém: 3 may bom luu thong dong nudc, 3 may Oxy, cdm bién pH, cam
bién 6xy hoa tan (DO), cdm bién nhiét d6 va cam bién do dm khong khi, quat thong gié va phun
suong. Cac thiét bj nay déu dugc gidm sat va diéu khién theo hai ché do: tu dong va diéu khién
bang tay. Do véi 3 may bom luu théng dong nudc va 3 may Oxy, 8 ché dé tu dong, cho phép ngudi
dung c6 thé thiét 1ap thai gian bom luan phién gitta cdc méay bom va gitta cac may oxy. G ché do
diéu khién bang tay, cho phép diéu khién cac may bom, may 6xy bang nut nhan trén ng dung
trén dién thoai thong minh. Gidam sat d6 pH, néng dé DO va cho phép ngudi dung dat nguéng
pH, DO dé€ dua ra canh bao khi dd pH, DO vugt ngudng. Giam sat cac thong s6 nhiét do, do am
khong khi trong nha mang va cho phép dit nguéng nhiét do va dé am dé diéu khién tuong ung
quat théng gio va phun suong khi nhiét dé va dé am vuact ngudng cho phép. Hé théng nay dugc
th{r nghiém tai trang trai aquaponics - Dong Thap Aqua. Két qua thir nghiém budc dau cho thay
hé théng hoat déng 6n dinh va dem lai nhiéu Igi ich dang ké cho mé hinh aquaponics. Bén canh
dé cling gop phan nang cao hiéu qua san xudt va dam bao su phat trién néng nghiép xanh bén

ving.

Tur khoa: Internet van vat (IoT), hé thong gidm sat, diéu khién tl xa, aquaponics

GIGI THIEU

Hién nay, viéc ting dung khoa hoc cong nghé tién tién
vao linh vyc nong nghiép dang dugc chu trong va phat
trién. Trong d6 dic biét cic ky thuat do ludng, diéu
khién va thu thip di liéu moi trudng ti xa dugc Gng
dung trong viéc phat trién nong nghiép cong nghé cao
nhdm nang cao hiéu qua san xuit va ddm béo sy phit
trién nong nghiép xanh bén viing. Cudc cach mang
Internet van vat (Internet of Things - IoT) da tao nén
nhiing thay d6i ddng ké cho cudc sdng con ngudi &
hién tai va trong tuong lai. Véi sy phat trién cta In-
ternet, dién thoai thong minh (smartphone) va dic
biét 1a cac thiét bi cam bién, IoT dang tr& thanh xu
huéng mdéi cta thé gidi. Viéc giam sat cac thong s
modi truong la mot van dé rit quan trong trong cac
nganh céng nghiép ciing nhu néng nghiép.

Hé thong aquaponics cling la mét trong nhiing hé
théng nong nghiép. Véi nén ting hé thong trong rau
sach dya trén mo hinh canh tic aquaponics (tréng rau
két hop nuoi cd) da dugc trién khai trén dién rong,
dong thoi v6i xu thé ting dung IoT dang trd nén phé
bién. Do d6 cin thiét cho viéc xay dung giai phap

va phat trién hé thdéng trong rau sach két hgp nudi
ca dudi sy giam sat clia ngudi trong thong qua phin
mém gidm sat va diéu khién trén dién thoai thong
minh. Trong hé théng trong rau sach theo cong nghé
aquaponics thi ngoai viéc kiém soét sy phat trién cta
rau cin kiém sodt qud trinh phét trién ctia cd, dam
bao sy cin bang vé mai trudng phat trién cho ca hai
(rau va cd). Mot hé thong gidm sat va diéu khién tng
dung cong nghé IoT trong néng nghiép néi chung va
trong aquaponics ndi riéng la cin thiét, nhim ning
cao hiéu qua sdn xudt va dam bao sy phat trién nong
nghiép xanh bén viing!~°. Déi véi trong aquapon-
ics thi nhiing thong s6 mai trudng nhu: d6 pH, néng
do DO, nhiét d6 nudc, nhiét d6 va dd m trong nha
mang, ... c6 vai trd quan trong, né tac dong lén dén
tat ca cac khia canh ctia aquaponics. D€ ¢&dm bao cho
hé th6ng aquaponics hoat dong 6n dinh va cdc sinh
vét phat trién t6t thi can phai thuong xuyén kiém tra
gidm sat cac thong s6 mai trudng va canh bao dé€ co
cach xti ly kip thoi.

Trong pham vi bai bao nay chiing téi tip trung nghién
ctiu va thiét k& hé thong gidm sit va diéu khién trong
md hinh aquaponics ting dung céng nghé IoT. Hé

Trich dan bai bao nay: Nhan N C, Khang N P H, Quan N H, Hiéu N V, Huy H T. Thiét k& hé théng giam sat
va diéu khién mé hinh Aquaponics dua trén cong nghé loT . Sci. Tech. Dev. J. - Nat. Sci.; 4(4):800-810.
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théng nay cho phép gidm sat va diéu khién hoat dong
ctia cac thiét bi thong qua ting dung trén dién thoai
thong minh, gébm: 3 may bom luu thong dong nude, 3
may oxy, d6 pH, néng do 6xy hoa tan, nhiét do nudc,
nhiét d6 va d6 4m khong khi trong nha mang, quat
thong gi6 va phun suong.

PHUONG PHAP THIET KE HE THONG
GIAM SAT VA PIEU KHIEN

Khao sat, phan tich va danh gia mé hinh
aquaponics

Aquaponics 1a md hinh nuoi thiy san két hgp véi cay
trong thiy canh trong mdt hé sinh thai tudn hoan
nhan tao st dung cac chu trinh tu nhién véi su gép
mat ctia vi khudn chuyén ddi chét thai cta ca thanh
chét dinh dudng cho cay trong. Day dugc danh gid 1a
mot phuong phép tao ra ngudn thyc phdm ty nhién,
thén thién v6i moi trudng, khai thac cac thudc tinh t6t
nhdt clia nudi tréng thay san tudn hoan khép kin va
tréng rau thity canh”~". Dong nuéc giéng nhu mach
mau trong hé théng Aquaponics, n6 chay tit bé ca qua
loc co, loc vi sinh, dén khay trong rau. Néu dong nudce
khong luu thong dugc thi sé lam gidm 6xy trong nudc
va tich tu chdt thai trong bé ca. Do d6 can phai dam
bao Iuu thong dong nudc va lugng 6xy hoa tan luon
dugc duy tri & muc thich hgp nhdm cung cép cho thuy
sinh phat trién t6t. Céc nghién ctu trude diy cong bd
trén céc tap chi uy tin, viéc thiét k& va xay dung hé
thng dya vao nguyén ly ctia Tién si Rakocy”®. Mo
hinh aquaponic theo nguyén ly ctia Tién si Rakocy c6
hai vin dé€ cdn phai xem xét va hiéu chinh cho phu
hgp. Thii nhit st dung may bom c6 cong sudt 16n lam
tang lugng dién tiéu thu va chi phi san xuét. Thu hai
lugng nudc ra tit cic bé ca qué 16n (~22 m3/gid), thai
gian tudn hoan nhanh, dan dén khoé khén cho vi sinh
chuyén d6i phén théi tii ¢4 thanh chét dinh duéng can
thiét cho céy rau. Trong trudng hop, hé thong vi sinh
khong thé chuyén hoa hét phén thai ti ¢4, tit hoi vé sé
dnh hudng truc tiép dén sinh trudng va phét trién cua
doi tugng thuy san.

Thong s6 pH 13 mot trong nhiing yéu t6 c6 anh hudéng
rdt 16n tryc tiép va gidn tiép doi véi doi séng thuy
sinh vat nhu: sinh trudng, ti 1é séng, sinh san va dinh
dudng. Khi pH qué cao hay qud thap déu khong thuin
lgi cho qua trinh phét trién cta thuy sinh vit. Do
d6 cln phai c6 su theo doi va gidm sat thong s6 nay
thudng xuyén d€ kip thai xtt Iy nham dam béo qua
trinh sinh trudng va phét trién ctia thuy san dugce t6t
hon. B¢ gidm sat va canh bao d¢ pH tu dong cho phép
ngudi nuoi trong thiy san ndm dugc cac thong s6 pH
vao bét ky thai diém nao trong ngay mot cach nhanh
chéng, chinh xac nho cac thiét bi di ddng thong minh,
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ma khong cdn phai hién dién ngay tai khu vuc nuoi
trong. D31 véi aquaponics, khoang pH thich hgp 1a
tli 6 - 7, vi pham vi pH nay t6t cho ciy rau va ca’.
Thong s6 DO trong nudc ¢ vai tro quan trong trong
hé théng aquaponics n6 tic dong 16n dén cac khia
canh ctia aquaponics, ddc biét la d6i véi sinh vét thay
sinh phu thudc vao DO dé€ hé hép. Lugng DO cao
giup ting hiéu qua hép thu va chuyén héa chit dinh
dudng, tit 46 thic ddy sy tang trudng va phat trién cta
céy trong. Néng cao nong do DO trong nudc ciing
giup cdi thién stic d€ khang cua cay trong dé chéng
choi v6i cac diéu kién bat lgi, tit d6 1am gidm nguy
co phit trién mam bénh. Trong hé théng aquaponics,
nodng d6 DO tdi uu cho mbi sinh vat phét trién manh
nam trong khoang tii 5 mg/L - 8 mg/L. M6t s6 loai c4,
bao gém ca chép va cd 16 phi, c¢6 thé chiu dugc mic
DO thép t6i 2 - 3 mg/L (theo nghién ctiu ctia Christo-
pher Somerville va nhém tac gia”).

So d6 khdi ctia md hinh aquaponics dugc trinh bay
trong Hinh 1. Trong d6 c6 ba bé nuoi thiy san (B1,
B2, B3), mot bon hdi (H1), bon vi sinh (VS) va béling
(L1).

Nguyén ly hoat ddng ctia moé hinh aquaponics: Trong
mot chu ky tudn hoan lién tuc, nudc ti bon hoi sé
dugc bom 1én mot trong cdc bé nudi ca. Nudc tii bé cd
sé thong qua hé thong loc co hoc, vi sinh va dugc dua
dén bé trong rau thiy canh. Véi sy gép mat ctia visinh
¢6 1gi chuyén déi chét thai, nudc thai tit bé ca thanh
nhiing chat dinh dudng cén thiét cho su sinh trudng
va phit trién ctia rau. Nudc sé ty dong chay tii bé rau
thy canh thit nhét cho dén bé rau thuy canh thu tu.
Cudi bé rau thy canh thi tu, nudc co ban da dugc
loc sach va chay vé bon hoi. Quy trinh sé dugc lap di
13p lai lién tuc, nh d6 tat cd hé sinh vét lam viéc cung
nhau tao ra moéi trudng phat trién bén viing, cung cip
mot hé thdng cin bang, 6n dinh. Trong cing mét thoi
diém chi c6 mot mdy bom nudce tit bon héi 1én bé ca.
Céc mdy dugc lap trinh diéu khién dé trong cing mot
thai diém chi c6 mot mdy bom nudc tit bon hoilén bé
cé. Diéu do, giup tiét kiém chi phi dién va chat lugng
nudc ctia bon cd luén dam bao cho su sinh trudng va
phat trién cta ca.

Pé xuat thiét ké hé théng giam sat va diéu
khién aquaponics

Qua qua trinh khao sat, phan tich va ddnh gia hoat
dong ctia mo hinh aquaponics cho thdy ring trong
mod hinh aquaponics can c6 sy hién dién ctia ba yéu td
nhu: ¢4, thuc vat va vi khuan c6 lgi. D6i véi cé thican
dam béo luu thong dong nudc va can theo doi do pH
va DO. Déi véi thuc vét thi cdn ddm béo luu thong
dong nudc va gidm sat nhiét do, d0 dm khong khi
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Hinh 1: So d6 khéi hé théng aquaponics

trong nha mang. P81 véi vi khuén cb lgi thi cin cé cac
loai thiét bi do dat chuyén dung va ciing cdn dugc theo
doi thuong xuyén. Do d6 cin c6 hé thong giam st cac
thong s6 moi trudng, diéu khién ty dong may bom luu
thong dong nuédc va may 6xy ting dung cong nghé IoT
nhdm tang tinh hiéu qué cta hé théng aquaponics.
Tit d6 ching toi dé xudt thiét ké mo hinh hé théng
gidm sat va diéu khién trong aquaponics tng dung

(ng dung dien thoai
aidong

c6ng nghé IoT dugc trinh bay trong Hinh 2. Trong

May suekhi
o

hé théng nay bo diéu khién trung tdm dugc két ndi
v6i cic thiét bi d€ thu thap di liéu va diéu khién trong Hinh 2: M hinh hé théng gi4m sat va diéu khién
mo hinh aquaponics. Sau d6 b diéu khién trung tim trong aquaponics.

truyén di liéu 1én Cloud server trén Internet thong
qua két ndi WiFi. Ngudi ding c6 thé diéu khién thiét
bi va gidm sat cac thong s6 trong md hinh aquaponics
thong qua ting dung trén dién thoai thong minh. Cac
cam bién pH, DO va cam bién nhiét d6 nudc dugc
dat trong bé nudi thiy san d€ giam sat d6 pH, néng

d6 DO va canh bao khi cac thong s6 nay vugt ngudng P
cho phép. Cam bién nhiét do, do &m khong khi duge ( \\
dat trong nha mang d€ do thong s6 nhiét do, do 4m : X \\:'

dong thoi diéu khién quat gi6 va phun suong dé dam
bao nhiét do va d6 4m trong nha mang dugc 6n dinh.

Cam bién pH Nhiét dé va d6 am

Miéy bom dit trong b6n hoi nham dam bao sy luu
thong dong nuédc va méy oxy dugc bd tri nhim dam Q
bao lugng oxy hoa tan luon dugc duy tri & mic thich

Maodule WiFi
(ESP8266)

hop cho thuy san phat trién tét.

Thiét ké phan ciing bd giam sat va diéu
khién

So d6 khéi phén cting bd gidm st va diéu khién mo

Module 4 1o le Maodule 4 1o le

hinh aquaponics dugc trinh bay trong Hinh 3. @fé} : li (=}

Trong do, khéi sensor gom cdc cam bién nhu: cam o
om nude Bom oxy

bién pH, cdm bién oxy hoa tan (DO SV1.0), cdm bién
nhiét d6 va d6 dm khong khi (AM2315), cam bién Hinh 3: So dé khéi phan ciing bo giam sét va diéu
nhiét d6 nudc (Thermocouple RTD PT100). Khéi khién aquaponics

MCU stt dung bo mach vi diéu khién Arduino Mega

2560 Pro (Embed). Khéi module WiFi stt dung mod-

ule thu phat WiFi ESP8266 802.1, hd trg chudn WiFi

802
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b/g/n 2.4GHz. Khéi ro le sti dung module role 5VDC
kich mtc thip dung d€ dong ngét thiét bi. Kh6ingudn
g6m nguén 9VDC va mach gidm ap LM2596.

B¢ gidm st va diéu khién mo hinh aquaponics sau khi
thi cong hoan chinh dugc trinh bay nhu trong Hinh 4.

Hinh 4: B6 giam sat va diéu khién mé hinh aquapon-
ics hoan chinh

Thiét ké ung dung tich hgp hé théng giam
sat va diéu khién

Trong hé thong nay ching t6i st dung Blynk Cloud
Server 0. Blynk 12 mot nén ting ting dung trén dién
thoai thong minh dugc thiét ké chay trén nén An-
droid va iOS. Blynk cho phép két néi véi cac bo mach
vi diéu khién thong dung nhu: Arduino, Raspberry,
NodeMCU ESP8266,... Hé thong Blynk bao gom cac
thanh phan nhu sau:

« Blynk App: cho phép tao cic giao dién tit Wid-
get c6 san trén Blynk App dugc cai dit trén dién
thoai thong minh.

o Blynk Server: truyén tai thdng tin gita dién
thoai thong minh va bo mach diéu khién.

o Blynk Libraries: thu vién cung c4p két néi phan
ctling v6i Blynk Server.

Giao dién ting dung gidm sat va diéu khién trén dién
thoai théng minh st dung Blynk App dugc trinh bay
nhu trong Hinh 5.

Xay dung chuong trinh diéu khién may bom
va may 6xy

B¢ diéu diéu khién va gidm sat hoat dong ctia may
bom luu thong dong nudc va mdy 6xy trong mo hinh
aquaponics, gom hai ché d¢ hoat dong. O ché do tu
dong (Auto), cho phép ngudi dung thiét lap thoi gian
bom luén phién gitia cic may bom va gitia cdc may
Oxy, dong thoi giam sat trang thai ciia mdy bom, may
Oxy thong qua ting dung trén dién thoai thong minh.
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Déi voi ché do diéu khién bing tay (Manual) thi cho
phép diéu khién may bom, mdy oxy bang nit nhéin va
gidm sat trang thdi ciia mdy bom, may oxy thong qua
tng dung trén dién thoai thong minh. Loai médy bom
vGi cong sudt 88W va mdy 0xy véi cong sudt 55W dugc
sti dung cho hé théng aquaponics. Hinh 6 trinh bay
luu d6 thuat toan diéu khién méay bom, mdy oxy trong
mo hinh aquaponics. Giao dién ting dung gidm sat va
diéu khién hoat dong ctia méy bom va méy oxy cho
hé thong aquaponics dugc trinh bay trong Hinh 7.

Xay dung chuong trinh giam sat d6 pH

B¢ gidm sat ¢ pH trong moé hinh aquaponics dugc
thiét ké véi chiic nang cho phép dit ngudng trén,
ngudng dudi ctia pH va dua ra canh bdo khi d6 pH
vugt ngudng cho phép. Su dung cam bién pH Ana-
log DFROBOT duing dé€ do d6 pH va giao tiép véi bo
mach vi diéu diéu khién trung tim théng qua bo mach
giao tiép pH meter. Cam bién pH dugc két néi véi
d4u n6i BNC trén bo pH meter va chan tin hiéu ana-
log trén pH meter dugc két ndi voi cng analog cta
mach vi diéu khién trung tim. Luu d6 thuit todn va
giao dién ung dung gidm sat do pH trong m6 hinh
aquaponics dugc trinh bay trong Hinh 8 va Hinh 9.

Xay dung chuong trinh giam sat néng dé
DO

B0 gidm sat ndong dd DO trong aquaponics dugc thiét
ké v6i chilic nang cho phép dit ngudng trén, ngudng
dudi ctia DO va dua ra canh bao khi néng d6 DO vugt
ngudng cho phép. Stt dung cdm bién DO SV1.0 d€ do
nong do 6xy hoa tan trong nudc. Luu do thuit toan va
giao dién giam sét truc tuyén nong d6 DO dugc trinh
bay trong Hinh 10 va Hinh 11. Bén canh d6 giam sat
nhiét 46 nudc trong bé thiy san st dung cdm bién
Thermocouple RTD PT100.

Xay dung chuong trinh giam sat nhiét doé va
dé am khéng khi

Nhiét 6 va d6 ém trong nha mang aquaponics cling
cén phai dugc dam bao 6n dinh d€ thac déy su ting
trudng va phat trién clia ciy trong va vat nuéi. Cam
bién nhiét d6 va do 4m AM2315 dugc st dung d€ gidm
st nhiét dd va d¢ dm khong khi trong nha mang.
Mode Auto, cho phép diat ngudng nhiét do va do
dm khong khi d€ diéu khién tu dong tuong ting quat
thong gi6 va phun suong. Mode Manual, cho phép
diéu khién quat thong gié va phun suong bing nut
nhén trén tng dung di dong. Luu d6 thit todn va
giao dién diéu khién quat gid, phun suong dya trén
nhiét d9, d6 4m khong khi trong nha mang aquapon-
ics dugc trinh bay nhu trong Hinh 12 va Hinh 13.
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(b)

{c) (d)

Hinh 5: Giao dién ing dung gidm sat va diéu khién. (a) Giao dién diéu khién may bam va may éxy; (b) Giao dién
giam sat do pH; (c) Giao dién gidm sat néng d6 DO (d) Giao dién diéu khién quat gi6 va phun suong

Bét dau

Mode diéu
khién?

Thiét lap
th&i gian bom,
syc khi oxy

Kich ro' le déng ngét
may bom, suc khi oxy
theo thoi gian da dinh

Manual

Nhén nit diéu khién
may bom, suc khi oxy
trén trng dung

Phan héi trang thai
may bom, suc khi oxy

Phan héi trang thai
may bom, suc khi oxy

Hinh 6: Luu d6 that toan diéu khién may bom, may
oxy

KET QUA VA THAO LUAN HOAT
PONG CUA HE THONG

Hé thong gidm sat va diéu khién cho moé hinh
aquaponics dugc kiém tra hoat dong tai trang trai
trong rau thay canh Péng Thap Aqua. Phuong phap
thuc hién kiém tra hoat ddng cta hé théng gom céc
budc: 1ap dit hé thong, tht nghiém hoat ddng gidm
sat va diéu khién, nhan xét danh gid két qua hoat dong
ctia hé thdng.

Hinh 7: Giao dién gidm sat va diéu khién may bom
va may oxy
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¥

Thu thép d6 pH tir
cam bién

Thiét 1ap nguéng

d6 pH (ngudng
pH trén va duai)

pH =7 hoéc pH <6

Kiém tra
ngudng pH?

'6<pH<7 I

pH biljh thq‘ 9. pH vuwot nguéng,
led canh bao tat led cénh bao sang

()

Hinh 8: Luu d6 thuat toan giam sat do pH

Manual

Hinh 9: Giao dién gidm sat d6 pH

Bét déD

v
Thu thép n
DO tir cam bi
Manual Chon
mode DO?

Auto
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Thiét lap ngudn,

DO (ngudng trén
va dudi)
Biéu khién tatimé
Led canh bao DO ¥
DO >8 hoac DO <5
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nguéng DO?
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DO binh thuang DO vuot ngudng,
Led cénh bao tat Led cénh bao sang
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Hinh 10: Luu d6 that toan giam sat ndng do DO

Manual

Hinh 11: Giao dién gidm sat DO

Lap dat mé hinh

So d6 1ap dit, thu nghiém hé thong gidm sat va diéu
khién trong m6 hinh aquaponics dugc trinh bay trong
Hinh 14. Két n6i bo tich hgp cam bién dén bo gam
sat va diéu khién trung tim. Céc cdm bién pH, DO va
cam bién nhiét d6 nude dugc dit trong bé nudi thuy
san dé gidm sat d6 pH, ndng d6 DO va nhiét d6 nuéc
va thiét lap ché d6 hoat dong Auto d€ ty dong cinh
béo khi cac thong s6 nay vugt ngudng cho phép. Cam
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A 4

Thu thap nhiét 4o

(T) va 66 &m (H)

Manual

Diéu khién battat

quat théng gié va

phun suwong Y

ieiia T > Tret hotic H < Hret
ngudng ?
T < Trer hodic H > Hrer 8 A
. v Bat quat thong gid,
- Bat phun suong

Két thue

Hinh 12: Luu d6 that toan diéu khién quat gi6, phun
suang theo nhiét do, dd am khong khi

Hinh 13: Giao dién chic nang diéu khién quat gié
va phun suong

bién nhiét o, d6 dm khong khi dugc dat trong nha
mang dé€ do thong s6 nhiét do, d6 4m dong thoi diéu
khién quat gi6 va phun suong d€ dam bao nhiét d6 va
d6 dm trong nha mang dugc 6n dinh. Cic mdy bom
dat trong bon hoi d€ bom nude vao cac bé nudi thuy
san nhdm ddm bdo su luu thong dong nuédc trong hé
théng aquaponics. Cac may oxy dugc bd tri d€ cung
cdp oxy cho bé nuoéi thuy sdn nhim dam bao lugng
oxy hoa tan ludn dugc duy tri & mtic thich hgp cho
thay san phat trién tot.

Xac dinh théi gian luan chuyén nuéc giita
cac may bom

Trong mot chu ky tudn hoan lién tuc, nudc duge bom
ti bon héi nude vao mot trong ba bé nuodi thuy san,
béng hé théng diéu khién thoi gian. Thdi gian bom
vao moi bé thiy san dugc 14p trinh tuy theo lugng cd
c6 trong mdi bé, nham dam béo phan thai ctia cd dugc
dua ra ngoai mot cch t6i wu nhéat. Thoi gian bom
nudc vao moéi bé thuy san dugc tinh toan theo phuong
phép: lugng nudc mdi lan bom bang véi lugng nude
6 trong bé. Mdy bom dugc lua chon véi luu lugng 12
m3/h. Thai gian bom cho mbi bé c4 dugc tinh todn
va cho méay bom chay l4n lugt theo thi tu va thoi gian
bom nhu trinh bay trong Bang 1.

Bang 1: Thai gian luan chuyén nudc giita cac may
bom.

Thi ty bom Thi tu Thoi gian Lugng

bé thay bom nuGc
san luan
chuyén
Méy bom 1 Bl 30 phut 6 m3
Miy bom 2 B2 30 phut 6 m?
My bom 3 B3 20 phut 4m?
Tdng: 80 phut 16 m’

Thai gian bom cua tiing mdy bom c6 thé diéu chinh
cho pht hgp véi lugng nuGe ludn chuyén cén thiét.
Tuong ty ching téi thuc hién kiém tra hoat dong cta
may oxy theo cic ché 46 hoat dong. Dt cho may bom
oxy lién tuc hodc theo thoi gian luan chuyén gitia cac
mAay Oxy.

Giam sat d6 pH

Thuc hién do pH truc tiép trong bé thuy san st dung
do6ng thoi cam bién do pH ctia b gidm st va méy do
pH (Hanna) (Hinh 15) d€ so sanh vé6i két qua do gitia
hai thiét bi. Két qua do dugc trinh bay trong Bang 2.
Két qua do d6 pH trong bé thuy san cho thiy gia tri
d6 pH do dugc tii cdm bién ctia b gidm sat va tit may
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- - Bo giam sat va diey
Kos . khién trung tam,

Hinh 14: L3p dat hé thdng giam st va diéu khién trong mé hinh aquaponics

LED canh bao pH |
vuot nguéhg dudi.

Hinh 15: Do d6 pH trong bé thiy san

Bang 2: Két qua do dé pH.

Thoi gian do Cam bién pH Maiy do pH

(hh:mm) (bo giam sat) (Hanna)
13:45 5,46 5,37
13:50 5,39 5,32
13:55 5,32 533
14:00 5,26 5,27
14:05 5,22 523
14:10 5,27 5,24
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do pH (Hanna) gn bing nhau tai cing mét thoi diém
do. Gia tri d6 pH trung binh la 5,3 thip hon ngudng
cho phép ctia pH (ngudng pH tii 6 - 7) nén hé thong
giam sat da bat LED canh béo trén ting dung di dong.

Giam sat néng dé DO va nhiét dé nuéc
Thuc hién do néng dd DO va nhiét 46 nudc trong bé
thity san st dung dong thai cam bién do DO, cam bién
nhiét d6 nudc ctia bo gidm sat va may do DO (Mil-
waukee), mdy do nhiét do nudc (Hanna), Hinh 16.
Két qua do dugc trinh bay trong Bang 3.

Trong hé théng aquaponics, nong do DO téi uu cho
moi sinh vat phat trién t6t nhit ndm trong khoang tu
5 mg/L - 8 mg/L va nhiét d6 nudc ndm trong khoang
18 °C - 30 °C. Qua két qua do dat dugc cho thdy ring
nodéng d6 DO va nhiét dd nudc trong bé nudi thuy san
déu ndm trong ngudng cho phép. Néng d6 DO do tu
cam bién DO clia bo giam sat va do tit may do DO
(Milwaukee) chénh léch nhau gin 1 mg/L. Nhiét do
nudc do trén b gidm sat va trén may do nhiét do nude
(Hanna) léch nhau khong déng ké.

Diéu khién quat gi6 va phun suong

Thuc hién viéc diéu khién quat gié va phun suong dua
trén ngudng nhiét do va do 4m khong khi trong nha
mang aquaponics. Dt nguong nhiét do khong khi &
28 °C, néu gia tri nhiét d6 khong khi vugt ngudng
cho phép thi hé théng sé dong ro le d€ bat quat thong
gi6, ngugc lai thi ngit ro le d€ tit quat thong gi6. Dit
nguéng d6 &m khong khi 6 70 %, néu gid tri do dm



Tap chi Phdt trién Khoa hoc va Céng nghé — Khoa hoc Tu nhién, 4(4):800-810

Bang 3: Két qua do néng dé DO.

Thoi gian Cam bién DO caa b6  Mdy do DO Milwau-  Cam bién nhiét d6 nu6c May do nhiét do
(hh:mm) giam sat (mg/L) kee (mg/L) cta bo giam sét (°C) nuéc Hanna (°C)
14:40 5,0 5,6 30,9 30,5

14:45 4,7 5,9 31,0 30,6

15:30 5,4 6,4 31,0 30,6

15:35 5,4 6,4 31,1 30,5

15:40 53 6,3 31,3 30,6

Nhiét d6 nude do')

do nhiét do

Hinh 16: Do néng d6 DO trong bé thly san

khong khi thdp dudi ngudng cho phép thi hé théng sé
d6ng ro le d€ bat phun suong, ngugc lai thi ngit ro le
dé tat phun suong. Két qua kiém tra hoat dong dugc
trinh bay trong Hinh 17, thoi gian dép tng tu dong
bat tat thiét bi khi vugt ngudng khoang 2 giay.

Nhan xét danh gia két qua hoat dong cua hé thong:
Hé thong gidm sit va diéu khién dugc tht nghiém
thuc t€ tai trang trai trong rau thiy canh Bong Thap
Aqua. Cac dii liéu dugc thu thap lién tuc tit cdc cam
bién truyén 1én ting dung ngudi dung trén dién thoai
thong minh. Céc thong s6 trong m6 hinh aquaponics
(pH, DO, nhiét d6 nuéc) dugc do dat bang cac cam
bién ctia bd gidm sat va cic mdy do chuyén dung tai
cung mot thoi diém d€ lam co s& so sanh két qua do.
Qua d6 cho théy cac thong s6 do dat dugc c6 su chénh
léch khong dang ké gitia bo gidm sét va mdy do chuyén
dung. Hau hét cic thong s6 trong mo6 hinh aquapon-
ics déu ndm trong ngudng cho phép. Céc trudng hgp
thong s6 vugt ngudng déu dugc hé thong canh bao kip
thdi cho ngudi dung d€ c6 phuong én xti ly thich hgp

Hinh 17: Giao dién chuc néng diéu khién quat gi6
va phun suang

nhdm dam bao cho hé thdng aquaponics hoat dong
6n dinh.

KET LUAN

Hé théng giam sat va di€u khién dua trén cong nghé
IoT da dugc thiét ké nhim tng dung trong mé hinh
aquaponics. Hé thong cho phép gidm sat cac thong s&
modi trudng trong moé hinh aquaponics nhu: d$ pH,
nodéng d6 DO, nhiét do va do 4m khong khi, nhiét do
nudc va dong thoi dua ra canh béo khi vugt ngudng
cho phép. Bén canh d6 hé thong c6 thé diéu khién tu
dong theo cac thong s6 da cai ddt trudc hodc nguoi
dung c6 thé tu diéu khién bang cdc nit nhén trén tGng
dung trén dién thoai thong minh. Hé théng dugc thiét
ké theo tting module phén cting va firmware sau dé
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tich hgp lai thanh bd gidm sat va diéu khién. Thiét
ké ting dung ngudi dung trén dién thoai thong minh
sti dung Blynk App. Hé thong gidm sat va diéu khién
dugc thit nghiém thuyc t€ tai trang trai trong rau thay
canh Pong Thap Aqua. Két qua do dat tu cac cam
bién ctia bo gidm sat dugc so sanh, ddnh gia voi két
qua do tu cdc may do chuyén dung. Qua do cho thiy
su chénh léch ctia cac thong s6 khong dang ké gitta bo
gidm sat va médy do chuyén dung. Hé théng gidm sat
va diéu khién dép ung dugc yéu cdu trong mo hinh
aquaponics. Day la mét giai phap gop phan lam ting
ndng sudt, chat lugng cta cay trong, vat nuoi, loai bo
su can thiép bang tay va t6i gidn chi phi san xuét so
v6i phuong thiic gidm sat va diéu khién tha cong.

LOI CAM ON

Nghién ctu dugc tai trg bdi Chuong trinh Khoa hoc
va Cong nghé phuc vu phat trién bén viing viing Tay
Nam B¢ (Ma s6: 25/2018/HD-KHCN-TNB.DT/14-
19/C37).

DANH MUC TU VIET TAT

IoT (Internet of Things): Internet van vat

DO (Dissolved Oxygen): 0xy hoa tan

MCU (Micro Controller Unit): vi diéu khién

pH (Power of Hydrogen): d6 hoat dong ctia hydro
VDC (Volt DC): nguén dién mot chiéu

BNC (British Naval Connector): ddu két néi day cap
dong truc

LED (Light Emitting Diode): di6t phit quang

XUNG POT LOI iCH

Cac tac gia cam két khong co bét ky xung dot loi ich
nao trong cdng bé bai béo.

DPONG GOP CUA TAC GIA

- Nguyén Chi Nhan: thiét k€ phan ciing, xay dung
thuat todn va chuong trinh cho bd giam sat va diéu
khién, soan ban théo va hoan thién ban thio, phin
hoi céc cau hoi, yéu ciu clia phan bién va ban bién tap
tap chi.
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- Nguyén Phu6c Hoang Khang: hd trg thiét ké phan
cting b gidm sat va diéu khién.

- Nguyén Hoang Quan: ho trg lap dat va thi nghiém
hoat dong ctia hé thong.

- Nguyén Van Hiéu: hd trg do dat céc thong s6 moi
truong trong mo hinh Aquaponics.

- H6 Thanh Huy: hé trg thiét ké hé thong gidm sat va
diéu khién, phan tich di liéu, so sanh va ddnh gid cac
thong s6 do dat.
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ABSTRACT

This paper presents the design of environmental monitoring and control system in aquaponics
based on Internet of Things (IoT) technology. This system allows users to monitor and control
the operation of devices through the application on smartphones, including: 3 water pumps, 3 air
pumps, pH sensor, dissolved oxygen (DO) sensor, temperature sensor and humidity sensor, exhaust
fan and misting. These devices are monitored and controlled in two modes: automatic and manual
control. For 3 pumps and 3 air pumps, in automatic mode, allows the user to set the pump time
between water pumps and between air pumps. In manual control mode, allows the user to control
water pumps and air pumps by the push of a button on a smartphone application. Monitor pH, DO
and allows the user to set the pH threshold and DO threshold to give an alert when the pH and DO
exceed the threshold. Monitor the parameters of temperature, humidity in the membrane house
and allow setting the temperature threshold and humidity threshold to control the exhaust fan and
misting respectively when the temperature and humidity exceed the threshold. This system tested
at aquaponics farm - Dong Thap Aqua. The results show that this system is working reliably and
promising which brings significantly benefits to aquaponics. Besides, it also contributes to improve
production efficiency and sustainable development of green agriculture.

Key words: Internet of things (IoT), monitoring system, remote control, aquaponics
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