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TOM TAT

Bai bdo tim hiéu va  xdy dung mo hinh trong nam ban ty dong voi muc
dich tang ndng sudt, san heong va chat lu'ong ndam, tiét kiém chi phi
théng qua viéc giam thoi gian va cong cham sdc cia ngwoz néng ddan.
Muc tiéu cia nghién ciru la xdy mgt mo hinh trong nam ban ty dong
va diéu khién dwoc cdc thong $6 nhur nhiét do, do am bén trong cua
mé hinh sao cho dat diéu kién Iy twong cho sw sinh truéng va phat
trién ciia ndm. Mé hinh hoan chinh la sw tich hop ciia cong nghé truyén
théng LoRa va Modbus TCP/IP truyén dit liéu thu thdp tir cdc cam
bién dé c6 thé gidm sat va diéu khién toan bg hé thong thong qua giao
dién HMI va Web server. Qud trinh thi nghiém diéu khién vong ho va
vong kin dsi véi 2 thong $6 nhiét dé va dé am déu cho két qua 16t va
hé thong hoat dong on dinh trong khodng thoi gian dai. Ném bdo ngir
xdm sau khi trong thic nghzem trong mé hinh trong ndm ban tw dong
co phan vuot trgi hon nam dwgc trong 6 moi truong bén ngodi ca ve
chdt lrong va s6 hrong.

Tir khéa: Ban tw dong, cong nghé truyén thong LoRa, cong nghé
truyén thong Modbus TCP/IP, mé hinh nha kinh trong ndm

ABSTRACT

The article explores and develops a plant for semi-automatic
mushroom cultivation with the aim of increasing productivity, yield
and quality of mushrooms, as well as reducing costs by saving time
and effort for farmers. The research objective is to construct plant and
to control its parameters, such as temperature and humidity, for
optimal mushroom growth and development. The complete model
integrates LoRa communication technology and Modbus TCP/IP to
transmit data collected from sensors for monitoring and controlling
the entire system through an HMI interface and Web server. Open-
loop and closed-loop control of both temperature and humidity yielded
positive results, and the system operated stably over an extended
period. Cultivation of grey oyster mushrooms in the plant’s
environment surpassed those grown in an outdoor environment in
terms of both quality and quantity.

Keywords: LoRa communication technology, mushroom greenhouse
plant, Modbus TCP/IP communication technology, semi-automatic
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1. GIOI THIEU

Cung v6i su phat trién cua xa hoi, dan sb thé gidi
ngdy cang ting trong khi dién tich dat dac biét 1a dat
nong nghi€p ngay cang thu hep. Theo tinh toan cua
Lién hop qudc, dén nam 2050 thé gidi s& c6 thém 2
ty nguoi so véi nam 2020 1én 9,7 ty ngudi; voi mitc
tang nay, theo co quan nong nghiép cua Lién hop
qudc FAO (Food and Agriculture Organization), san
Xuit noéng nghiép phai ting 70% (Iberdrola
Innovation report, 2020- 2022) Bén canh do, khoa
hoc va cong ngh¢ ngay cang phat trién, cudc cach
mang cong nghé lan thir 4. 0 v6i viéc ing dung cong
nghé k¥ thut vao san xuét c6 muc tiéu 1a tang so
lwong va chat lugng san xuét, bang cach tan dung
t6i da ngudn tai nguyén déng thoi giam thiéu anh
huong dén moi truong.

Néng nghiép thong minh ciing c6 su chuyén bién
manh m&, nhét 1a trong viéc s hoa va tu dong hoa
rong réi hon, tir d6 thich ing nhanh véi bdi canh
chuyén doi so toan cau. Trong bdi canh d6, viéc sir
dung cac nén tang cong nghé cao nhu Al (Artifical
Intelligence) va IoT (Internet of Things) trong quan
1y ndng nghi€p cho phép theo ddi sy thay doi coa
cac yéu t6 khi hau, ddc tinh cua dét, d6 4m cua dat, ..
thong qua cac cam bién va co thé lién két cac cam
bién tir xa va cho phép cac thiét bi lién két v6i nhau
bang phuong thic két ndi dién rong nang luong thap
(LPWAN, Low-power wide-area network) dé duoc
van hanh tu dong (Bacco et al., 2019; Luu et al.,
2022). Trong sd cac cong nghé truyén théng
LPWAN, phuong thitc LoRa va mang LoRaWAN
(Long-range wide-area network) la hai lga chon
tiém ning cho céc tmg dung quan 1y néng nghiép
thong minh vi dap ung duwoc muc dich ti€u thy nang
luong thap, kéo dai thoi gian hoat dong cia thiét bi
dau cudi va kha nang truyén tai v6i khoang cach xa
1én dén hang chyc km (Singh et al., 2020; Codeluppi
et al., 2020). Hon nita, cong ngh¢ [oT dac biét thich
g véi viée giam sat tinh, vi vy c6 thé ap dung hiru
hiéu hon cho trong trot so voi chan nudi (Luu et al.,
2022). Do d9, cac nghién ciru vé Umg dung [oT vao
san xuit néng nghiép tap trung chii yéu dé trong rau,
cdy an qua va cay canh. Trong nhitng nam gan day,
viéc ap dung cong nghé IoT vao trong nim da dugc
Iya chon thuc hién vi nhiéu 1y do nhu vi thoi gian
thu hoach ngén nén viéc ap dung k¥ thuat méi ciing
dé thay duoc két qua hon; tbn it chi phi dé chuén bi
mo hinh do chi can khong gian nho, khong can 4nh
sang truc tlep va gié tri kinh té tir loai néng san nay
mang lai néu thtr nghiém thanh céng (An Giang
Provincial Electronic Portal, 2023).
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Mot sb nghién ctru vé mo hinh tréng ndm nhu:
Thiét ké va thi cong mo hinh giam sat va diéu khién
mo hinh trdng ndm rom cua Vu and Nguyen (2019),
tuy nhién nghién ctru nay s dung vi diéu khién
chinh 1a Arduino Nano va chi trong duoc dat thu mot
loai n4m 1a nim rom. Tuong tw, Ngo et al. (2020) sir
dung Arduino Mega 256 va Raspberry Pi 3 Model
B + dé thuc hién céac chirc nang tuong ty; hodc san
pham nghién ctru ctia Quach and Nguyen (2021) sir
dung cong nghé IoT. Cac nghién ciu cua
Muhammad et al. (2020) va Mohammed et al.
(2018) ciing sir dung board Arduino ket hop véi
ESP8266 dé diéu khlen va giam sat d6 4m ctia nha
trong nam. Mot cach tong quan, cac nghién ctru trén
dé ching minh dugc tinh kha thi cua viéc ap dung

cong ngh¢ mdi, tuy nhién chua dua ra dugc két qua
clia viéc trong thyc nghiém dé thay loi ich cua viéc
ap dung cong nghé vao viéc kiém soat sy thay doi
ctia moi trudng, tir d6 tdi wu hoa diéu kién sinh
truong nham ting san lwong va cai thién gia tri kinh
té ciia qua trinh canh tac.

Trén co s& nghién ctru, ké thira dé cai tién va img
dung céng nghé méi vao viée trong ndm, mod hinh
trong ndm ban tu dong dp dung cong nghé IoT da
duoc xay dung. Trong nghién ciru nay, mot mé hinh
nha kinh dugc thiét ké, ché tao dé sir dung trong thuc
nghiém ndm bao ngu xam qua d6 danh gia va toi uu
hoa giai thuat diéu khién. Cac thong s6 nhiét do va
d6 4m trong m6 hinh duoc diéu khién thong qua dén,
quat va phun suong két hop, hé théng gidm sat cac
thong s0 va canh bao thong qua cong nghé truyén
thong LoRa va Modbus TCP/IP nham muc dich ting
ning suat, san lugng dong thoi glam thoi gian va
cong cham soc, dac bi€t giam sy rui ro nhiéu lan so
v6i trong nam thong thuong. Viée két hop tmg dung
nhiéu cong nghé phd bién vao mé hinh nhé nay nhur
LoRa, Modbus hay giao tiép PLC-Arduino ngoai
viéc gop phan phuc vu hoc tap, nghién ciru va sang
tao cho tat ca moi ngudi c6 chung dam mé vé ky
thuat thi con rat hiru ich khi mé hinh tréng ndm dugc
nhan rong,

2. PHUONG PHAP NGHIEN CUU

2.1. Téng quan vé md hinh

M5 hinh tréng ndm bén ty dong duoc thiét ké va
xdy dung v61 03 thanh phéan chinh gdm (a) nha trong
nam (b) tu diéu khién va (c) giao dién diéu khién

nhu Hinh 1. Cac thiét bi chinh str dung cho hé thong
dugc trinh bay ¢ Bang 1.
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Bing 1. Cic thiét bi sir dung cho mé hinh
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STT Thiét bi 50 Théng sb
lwgng
1 PLC S7-1200 01 1212C DC/DC/DC
2 Arduino Uno 01 ATMEGA328P-PU
3 Arduino Mega 01 ATMEGA2560-16AU
4 Arduino Ethernet Shield 01 ATMEGA328
bién ap lam viéc: DC 5V -36 V
Nguon tin hi¢u: DC 3,3 V-20V
> Module PWM Mosfet ol Céng sut dau ra: DC 5 V - 36 V/15
A/400 W
bién ap sir dung: 2,15 ~ 5,5 VDC
Y a2 an R Chuan giao tiep: 12C
3 Cam bién nhiét do, d6 am SHT30 01 Khoéng nhit ¢ d? duoc: -40 ~
125°C, sz}i s0 0,2°C.
bién ap nguon <=24 V DC
s X £ R , Nong do phat hién cua mot sb chat:
6 Céam bién chat luong khong khi MQ135 01 10 - 300 ppm NH3, 10 - 1000 ppm
Benzen, 10 - 300 ppm Alcol.
7 Module LoRa 02 SX1278 trt SEMTECH
] Hg¢ thong gia nhlect"I g53}:))ong den Halogen 01 24V, 50 W
9 H¢ théng lam lanh (1 Quat tan nhiét, 2 quat 01 Quat tan nhiét: 2 day, 220 V
s0) Quat so: 2 ddy, 24 V
Hé¢ thong phun swong (Bom phun swong .
10 ’ HF-8367) 01 24V, 1.6 lit/phut
1 Hg¢ thong canh bao (den bao c6 coi AD16- 01 24V, AD16-22SM
22SM)
12 H¢ thong thong gio (2 quat tan nhiét) 01 2 day, 5V
13 H¢ thong chicu sang (den led Cyx) 01 220V, ISW
14 Tu dién (Khoi Master) 01 450x350x200 mm
15 Khoi Slave 1 01 150x150x100 mm
16 Khoi Slave 2 01 200x200x100 mm

Nguyén 1y hoat dong ctia hé théng dwoc thé hién
nhu Hinh Ic: Khéi Slave 1 (Arduino Uno) s& doc
lién tuc céac gia tri cua cam bién nhiét d6, do 4m
SHT30 va cam bién chit lugng khong khi MQ135;
sau do giri cho khdi Slave 2 (Arduino Mega) bang
cong nghé truyén thong LoRa thong qua Module RF
Lora SX1278 433Mhz Ra-02; sau khi nhan cac gia
tri vé nhiét do, do am va chat luong khong khi tir
Slave 1 thi Slave 2 s& hién thi cac gia tri d6 1én man
hinh LCD1602 va dong thoi giri cho khbi Master
(PLC S7-1200) bang coéng nghé truyén thong

Modbus TCP/IP thong qua Arduino Ethernet Shield.
Sau khi nhan cac gia tri vé nhiét o, d6 am va chat
lugng khong khi, PLC s& xir Iy dé thao tac véi cac
hé thong thong qua 2 ché d¢ 14 ty dong, bang tay.
Pong thoi, hoat dong ciia toan bd mo hinh s& duge
hién thi trén man hinh may tinh véi giao dién trén
HMI va Web server. Bén canh do, ddi véi cac loai
nam cin 4nh sang, 1 hé thong chiéu sang ty dong
(bat dén khi troi ti va tit dén khi troi sang) duoc
thiét ké thém nham gitp cho sy phat trién cua cac
loai ndm can anh sang dugc tot hon.
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Hinh 1. Téng quan h¢ théng
a) M6 hinh 3D, b) M6 hinh thuc té, ¢) Nguyén Iy diéu khién, d) Giao dién diéu khién

2.2. Thiét ké va thi cong hé thong
2.2.1. Phan co khi

Mo hinh trf)ng nim ban tu dong duogc thiét ké
trén phan mém Inventor bao gom phan khung, cac
bd phan ctia nha kinh, ti dién diéu khién nhdm gitp
hinh dung duoc hinh dang va tim cach b tri cac hé
théng mot cach hop 1y. M hinh sau d6 dugc tién
hanh thi cong tai doanh nghi¢p Vuon wom Cong
nghé Cong nghiép Viét Nam - Han Qudc tai thanh
phé Can Tho (KVIP, 2016). Tén céc thiét bi va quy
cach, kich thudc dugc trinh bay trong Bang 1; ban
v€ 3D ctia md hinh dugc trinh bay ¢ Hinh la.

2.2.2. Xay dung chiong trinh diéu khién

Chwong trinh diéu khién dwoc xay dung dé kiém
s0at céc tin hidu diu vao, dau ra, tir d6 kiém soat
duoc toan bo qua trinh (Hinh 2). N6 dugc chia ra
lam 2 phan gdm: (1) chuong trinh didu khién doc va
truyén dit liéu; va (2) chwong trinh didu khién chinh.

Chwong trinh 1 gdm khéi Slave 1 dé doc cac gia
tri dugc thu thap tir cam bién nhiét do, d6 4m khong
khi va cam bién chét luong khong khi, va tiép theo

giri céc gia tri d6 sang khdi Slave 2 thong qua cong
nghé truyén thong LoRa. Khéi Slave 2 s& hién thi
céc gi4 tri d6 1én man hinh LCD1602 ddng thoi giri
chung sang PLC S7-1200 thudc khbi Master thong
qua cong nghé truyén thong Modbus TCP/IP. Khdi
Master sau d6 hién thi cac gia tri d6 1én man hinh
HMI va Web server bao g(“)m cac gia tri vé& nhiét do,
d6 am khong khi va chat luong khong khi. Khoi
Master can cir vao chuong trinh 2 s& dua ra quyét
dinh d¢ diéu khién co céu chip hanh (Hinh 1c).

Chuong trinh diéu khién chinh gém 2 ché do 1a
ti dong (auto) va bang tay (manual). O ché do tyu
dong (Hinh 2), PLC s€ doc cac gia tri nhiét do, do
4m va chét luong khong khi dwoc giri tir Slave 2 dé
so sanh voi gia tri ma ta dat trén man hinh HMI hoac
trén Node - RED dé bat tit cac hé théng cho phu
hop:

e Néu nhiét d6 dat > nhiét do do thi s& bat hé
thong gia nhiét ap dung PID dé diéu khién nhiét do
mét cach hop 1i.
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e Néu nhiét do dat < nhiét do do thi s& bat hé
thong lam lanh.

e Néu do am dit > d9 am do thi s& bat hé thong
phun suong (h¢ thong phun suong hoat dong theo
nguyén tac tuan ty phun suong 10 s ngung 5 s).

® Néu d6 am dat < do am do + 5,0% thi s& bét
hé thong gia nhiét.

e Néu chét lugng khong khi trong m6 hinh >=
50 ppm thi s€ bat h¢ thong canh bao va thong gio.
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Ché @6 Manual chu yéu duogc dung dé kiém tra
tinh trang thiét bi, trong d6 nguoi dung co thé didu
khién ting thiét bi riéng I¢ dé kiém tra tinh trang cia
chung. Viéc nay c6 thé dugc thuc hién thong qua cac
nat nhan trén ti dién, man hinh HMI hoic cac cong
tac trén Web server. Ngoai ra, ta con co thé cai dat
sO lan phun suong theo ngay, i thiéu 1a 1 1an/ngay
va tbi da 14 4 1an/ngay trén man hinh HMI hodc trén
Web server. Viéc Bat phun suong dién ra khi gio,
phut cai dat bang véi gio, phiit trén PLC va Tat phun
swong khi gidy cai dit bé hon s gidy trén PLC.

KHOI CAM BIEN »| KHOISLAVE 1

KHOI HIEN THI [« KHOI SLAVE 2

KHOIHIENTHI |, | _ . _| KHOI CO CAU
VAPIEUKHIEN 1 [€ 7| KHOIMASTER *|  cHAPHANH

KHOT HIEN THI
VA PIEU KHIEN 2

Hinh 2. So d6 diéu khién tong quat

2.2.3. Xdy dung giao dién diéu khién, gidm sdt
va thu thdp dir liéu

Trong md hinh tréng nam ban tu dong, viéc diéu
khién, giam sat va thu thap dir liéu vé cic gia tri
nhiét do, 6 4m va chat lugng khong khi cho mé
hinh 1a quan trong va dac bit la két hop v6i cong
ngh¢ loT dé thyuc hién viéc nay. Hai giao dién diéu
khién trén man hinh HMI (thlet ké trén TIA Portal)
va trén Web server (thiét két trén Node-RED) da
duoc xay dung.

Giao dién diéu khién trén man hinh HMI duoc
thict k¢ dya trén phan mém TIA Portal. Gi‘ao di‘én
trén Web server dugc xay dung dua vao phan mém
Node-RED goém cac budc:

Budc 1: Cai dit va thiét ké giao dién diéu khién,
giam sat va thu thap dir li¢u trén Node-RED.

Buéc 2: Két nbi Node-RED véi PLC S7-1200
thong qua dia chi IP cua PLC va thu vién “node-red-
contrib-s7”.

Budc 3: Truy cap Web: http://127.0.0.1:1880/ daé
vao giao dién diéu khién, giam sat trén Web server.

V& phia PLC, ta phi cAu hinh cho thiét bi nay
trén TIA Portal de tuong tac vdi Node-RED theo cac
budc sau:

Budc 1: Xay dung chuong trinh tao file csv va
dua céc dir lidu vé cac gia tri nhiét do, d6 4m va chat
lugng khong khi vao file csv trén TIA Portal bang
céc khoi “DataLogCreate” va “DataLogWrite”.

Budc 2: Cau hinh Web server cho PLC S7-1200.
Kich hoat chitc ning Webserver bang cach chon
thudc tinh “Activate Web server on all modules of
this device” va tao tai khoan dé ddng nhap vao Web
server.

Budc 3: Truy cap Web: http://192.168.1.100
(v6i 192.168.1.100 la dia chi IP cua PLC) va dang
nhép voi tai khoan da tao ¢ budc 2 va téi file csv ve.

2.2.4. Xady dung thudt todn diéu khién

Trong md hinh trong ndm ban ty dong, viéc gia
nhiét va duy tri nhi€t d0 cho mo6 hinh mét gia tri
mong mubn 14 rit quan trong. Bai toan diéu khién
nhiét ¢ nay duoc tién hanh dua trén nguyén 1y diéu
khién hdi tiép nhu trong Hinh 3: Bo diéu khién PID
trong PLC S7-1200 tiép nhén va so sanh gia tri nhiét


http://127.0.0.1:1880/
http://192.168.1.100/
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d6 trong mo6 hinh ma Slave 2 gui v& v6i nhiét do dat
cta ngudi diéu khién, tir d6 cép tin hiéu diéu khién
v6i muc dién ap 0 - 10 V dudi dang xung PWM dé
diéu khién cong suat ciia bong dén.

Pé tim thong sé diéu chinh cho bd diéu khién
PID cua PLC mét cach pha hop, mét mé hinh toan
can duoc xay dung. Cac budc cu thé bao gém:

Tdp 61, S6 14 (2025): 1-10

Budc 1: Ap dung phuong phap ké tiép tuyén
(Hoang, 2009) dya trén dit liéu ddu vao 1a cong suat
cép nhiét va dau ra la nhiét d6 khong khi trong nha
kinh dé rat ra dugc mo hinh FOPDT (first order plus
dead time - phurong trinh vi phan bac nhat c6 tré) cua
hé nhu cong thire (1).

8 75¢~100s
800s+1

G(s) = (1)

PWM-MOSFET

PLC §7-1200

MO HINH
NHA KINH

BONG DEN

CAM BIEN
NHIET PO

Hinh 3. Mé hinh diéu khién nhiét d

f

T=900-100=800

L=100 500 1000 1500 2000 2500 30005

Hinh 4. Ap dung phwong phap ké tiép tuyén dé
rut ra mo hinh toan

Budc 2: Véi céc thong sb cia qua trinh vong he

¢6 duge, phuong phap didu khién mé hinh ndi bo

(Internal Model Control - IMC) (Hoang, 2009) dugc

ap dung dé tim cac théng s6 diéu chinh cho bo diéu

khién PID ma c6 dang tiéu chuin nhu
phuong trinh (2).
u=K,.e(t) + ';—jfote(t)d,t + KT, =2 (2)
Chon hang s6 thoi gian vong kin T, = g
Ta duogc:
Ti=7+0,5.6 =800+ 0,5.100 = 850 (s)
Ta= ﬁ = 20100 47,05882 (5)
Ke=— S =0,30677

(Te +0,5.0).k (T + 0,5.100).8,75

Bude 3: Chuyén cac thong sb nay sang bo didu
khién PID cau trac dang ly tuong (3) ma dugc st
dung trong Simulink va TIA Portal:

de(t)
dat

u(t) = Kp. e(t) + Kif, e(t)dt + Ko 3)

Céc thong s6 cho bo didu khién PID sir dung
trong Simulink va TIA Portal:
Kp =Kc=0,30677
0,30677
850

_Ke _
T;

Ki =0,00036
Kp =Kc.Ta=0,30677. 47,05882 =
14,43623

Cubi cung, két qua dugce tién hanh kiém chimg
dbi voi bo thong s6 diéu khién tim dwoc trén mo
hinh 1y thuyét théong qua MATLAB/Simulink va
trén md hinh tréng nam ban tu dong.

3. KET QUA VA THAO LUAN

3.1. Kétﬂquﬁ Kiém chirng dap tng ciia by diéu
khién PID

Viéc kiém chimg dap wng cua bo diéu khién PID
dugc tién hanh véi gia tri nhiét d6 ban dau 1a 31,0°C
va gia tri dat la 36,0°C véi hai mo hinh 1a mo6 phong
trén Matlab Simulink va thyc nghiém trén mé hinh
trong nam. Két qua dugc thé hién tuong tng trén
Hinh 5 va tom tit & Bang 2. C6 thé thiy, mo hinh
toan phan 4nh rat tot dong hoc ctia hé thong thuc va
céc thong s6 diéu khién tim duge ¢ trén cho két qua
diéu khién tét voi thoi gian xac 14p nhanh, d6 vot 16
va sai s6 gin bang khong.

Bing 2. Panh gia chit lwong diéu khién khi mé
phéng va thuc nghiém

Mo phéng  Thuc nghiém

Thoi gian xac lap 1265 s 1265 s
bo vot 16 0% 0%
Sai s0 0,0°C 0,0°C




Tap chi Khoa hoc Pai hoc Can Tho

_Nhiét b dit = 36,0°C

Nhiét d§ ("C)

Théi gian xéc lip

Nhiét 49 ban d&u = 31,0°C
o 00 1000

150 2000 00

Thai gian (s)

A

Tdp 61, S6 14 (2025): 1-10

Nhiét db diit = 36,0°C

36 | ot e

35 |
o
S sl
<
=
2. Thoi gian xac lap
= 33
z

32

31 A

Nhiét d¢ ban dau = 31,0°C
N 1 " 1 n 1 " 1 n 1
0 500 1000 1500 2000 2500
Thei gian (s)

Hinh 5. Pap Gng ciia bd diéu khién PID trén mé phéng (a) va thwe nghiém (b)

3.2. Giao dién didu khién, giam sit va thu
thap dir liéu

Két qua thir nghiém cho thdy giao dién diéu
khién, giam sat va thu thip dir li¢u trén man hinh
HMI tryc quan, sinh dong, chay on dinh, d& diéu
khién véi dén bao trang thai, hién thi nhiét do dé
gitip ngudi van hanh giam sat va diéu khién dé dang
hon (Hinh 1d). H¢ théng Web server hoat dong tdt,
chay 6n dinh, giao dién truc quan sinh dong; chirc
ning timg d6i twong diéu khién, gidm sat va thu thap

Bing 3. Két qua chay thir nghi¢ém h¢ thong gia nhiét

dir li¢u trén Web server tuwong tu nhu trén HMI
(Hinh 6).
3.3. Kiém’tra dap &qg cﬁa,céc hé thong truéc
khi tién hanh trong nam

Trudc khi tién hanh trong thyc nghiém, cac hé
thng gia nhiét, lam lanh, phun suong déu dugc thir
nghiém. Két qua duogc tom tat trinh bay tir Bang 3
dén Bang 6. Két qua cho thiy, ta co thé kiém soat
duoc nhiét do va do m cta mo hinh trén. Cuy thé:

Thdoi gian Nhiét d¢ trong P am trong Nhiét d§ mé6i Do am moi
(phut) mo hinh (°C) mo hinh (%) truong (°C) truong (%)
Bit dau 0 32,0 69,0 32,0 64,0
Két thuc 60 39,0 47,0 30,9 63,9
TAP1
NGAY 01/122023 GIO: 00:35:29 ANALOG 5000 S0 LAN PHUN SUGNG ~ 0 A DATALOG  true
START & s true GIO 1 Gl » 0 A PHUT 1 Pl v 0 A ON1 Ol ~ 0 A
STOP Q: T false G2 Gl ow 0 A PHUT 2 P v 0 A ON2 0~ 0 A
AUTO & A false GlO3 Gl v 0 A PHUT 3 Pi v 0 A ON3 03 » 0 A
{ANUA M false GlO 4 Gl v 0 A PHUT 4 PA v 0 A ON 4 04 v 0 A
BAT Gla NHIET ] BGN NHIET DO DAT DO AMDAT
TAT GIANHIET @ TGN NDD: v 0 A BAD: v 0 A
BOMLANH [ ] QUL fabse ND{*C) DA (%) KK (ppm)
THONG GIO & Q0.2 false
SUONG @ QU4 false 29 82 — = 0
o1 & QU5: false

Hinh 6. Giao dién ciia hé thong trén Webserver
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Thdoi gian Nhiét d¢ trong P 4m trong Nhiét d¢ mé6i Do am moi

(phut) mo hinh (°C) mo hinh (%) truong (°C) truong (%)
Bit dau 0 30,0 70,0 65,4
Két thuc 120 25,0 77,0 64,1

Bing 5. Két qua chay thir nghi¢ém h¢ théng phun swong

Thoi gian (phiit)

Do Am trong mé hinh (%)

DP§ am méi trudng (%)

Bit dau 0
Két thuc 110

63,4
63,4

Bing 6. Két qua chay thir nghiém diéu kién kép véi nhiét d9 lin lwot 23,0°C, 28,0°C, 30,0°C va

do Am 85,0%

Bén trong mo hinh

STT  Nhiét dd bat dau (°C)

Nhiét do két thiic (°C)

Do am bit dau (%) PO am két thic (%)

Lan 1 29,0 23,0
Lan 2 23,0 28,0
Lén 3 28,0 30,0

64,0 85,0
85,0 85,0
85,0 85,0

Bén ngoai mo hinh

STT  Nhiét d9 bit diu (°C)

Nhigt do két thiic (°C)

Do am bit dau (%) PO am két thic (%)

Lan 1 29,2 29,1
Lén2 29,0 28,9
Lan 3 29.4 29,2

64,3 63,8
63,4 64,0
63,9 64,0

Két qua hé thong gia nhiét (Bang 3): Sau thoi
gian gia nhiét 60 phut v6i cong suét 80,0% thi nhiét
do trong mo hinh tang tir 32,0°C 1én 39,0°C (ting
7,0°C), 6 am giam tir 69,0% xudng con 47,0%
(giam 22,0%). Nhur vay, khi nhiét do xudng qué thap
hodc d6 4m tang qua cao gy anh hudng cho nam,
thi hé thong gia nhiét co thé gitip On dinh lai nhiét
d6 ciing nhu d¢ 4m trong mo hinh nha kinh.

Két qua hé thong 1am lanh (Bing 4): Sau thoi
gian 1am lanh 120 phut bang cach quat thoi hoi lanh
tr thung x0p chira nuéc da véi cong suit quat
100,0% thi nhi¢t do trong m6 hinh ha tir 30,0°C
xudng 25,0°C (giam 5,0°C), do am tang tir 70,0%
1én 77,0% (tang 7,0%). Nhu véy, khi nhiét do ting
qua cao hoac d¢ 4 4m giam qué thap gy anh hudng
cho nim, thi hé théng lam lanh c6 thé giup on dinh
lai nhiét do ciing nhu do am (két hop v6i hé thong
phun suong dé ting d6 am nhanh hon) trong mo
hinh nha kinh.

Két qué h¢ théng phun swong (Bing 5): Sau
thoi gian phun suwong lién tuc 110 gidy voi cong suat
100,0%, d0 am trong moé hinh ting tr
68,0% 1én 87,0% (tang 19,0%). Két qua thu duoc
cho thay, toc do dap tmg vé do 4m trong mé hinh 13
kha nhanh va khong bi anh huong qua nhiéu tir moi
truong bén ngoai.

Két qua chay thir nghiém diéu kién kép voi
nhiét d¢ 23,0°C, 28,0°C, 30,0°C va do am 85,0%

(Bang 6): Két qua sau 3 lan chay lién tuc cho thay
nhiét d va d am trong mo hinh hoan toan c6 thé
dugc kiém soat dong thoi va co thé duoc giit 6n dinh
trong khoang thoi gian dai. Viéc diéu khién ciing
khong bi anh huéng qua nhidu béi méi trudng
bén ngoai.

3.4. Két qua qua trinh trong nim bao

ngu xam

Nam bao ngu xam (Nguyen, 2014) dugc chon dé
trong thir nghiém trong mo hinh nha kinh vi mang
lai nhiéu loi ich nhu: La loai thyc pham cé gia tri
dinh dudng cao, dong thoi 1a dugc liéu qui trong
viéc duy tri, bao v€ stc khoe, phong chong nhiéu
bénh ké ca ung thu, u budu va ciing 1a ngudn hang
xuét khau c6 gia tri. Diéu kién thich hop nhét dé nAm
¢6 thé hinh thanh va phat trién 1a d6 Am moi truong
khong khi noi trong ndm dat 85-90% va nhiét do
thich hop 25-32°C, nhigt do téi uwu 27-28°C
(Agricultural Extension Center, 2022).

Sau 5 ngay trong thir nghiém (3 ngay chay ché
d6 bang tay va 2 ngay chay ché do tu dong) ¢ nhiét
do dat 28,0°C va do am dat 85,0% thi ndm da duoc
thu hoach. Két qua diéu khién duoc tom tit & Bang
7 va Bang 8. O ca hai ché d6 diéu khién 1a tu dong
va bang tay, nhiét d6 va d6 am déu dat mirc 6n dinh
t6i uu nhat cho nim phat trién voi nhiét d¢ 27,0 —
28,0°C va do 4m 85,0 — 90,0%. Viéc diéu khién
khong bi anh huéng qua nhidu béi méi trudng
bén ngoai.
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Gia tri moi trwdng bén trong mé hinh

Thoi gian Nhiét dg bat Nhiét d9 két PO am bit ddu P9 am két Chit lwong
dau (°C) thuc (°C) (%) thic (%) khong khi (ppm)
Ngay 1 30,0 27,0 74,0 89,0 Dat
Ngay 3 31,0 28,0 77,0 85,0 Dat
Ngay 5 29,0 28,0 81,0 85,0 Dat
Bing 8. Thong s6 chay ché dd tw dong véi nhiét do dit 28,0°C va d9 Am dit 85,0%
Gia tri moi trwdng bén trong mé hinh
Thoi gian Nhiét dg bat Nhiét d9 két Do am bat dau P9 am két Chit lwong
dau (°C) thuc (°C) (%) thic (%) khong khi (ppm)
Ngay 2 29,0 28,0 81,0 85,0 Dat
Ngay 4 28,0 28,0 84,0 89,0 Dat

3.5. San lwong nim bao ngw xam

Két qua trong ndm trong mo hinh (A) va tréng
ngoai diéu kién tur nhién (B) dugc thé hién & Hinh 7
va Bang 9. Tuy cing s6 lugng phoi ndm (9 phoi),
nhung san lwong ndm tir qua trinh tréng trong mo
hinh (180 g) cao hon so véi qua trinh trong ngoai
moi truong (150 g) va kich thudc tai ndm 16n nhat
dugc trong trong mo hinh (155 mm) ciing 16n hon

s0 V6i tai ndm 16n nhat dugc trong bén ngoai (124
mm). Diéu nay cho thdy c6 sy anh huéng tich cuc
tir diéu kién trong trong m6 hinh dbi voi sy phat trién
va san lugng cia nAm. C6 thé giai thich sy chénh
1éch nay bang nhiéu yéu t, bao gdm diéu kién moi
truong duge kiém soat chdt ché trong m6 hinh, nhiét
d6 va do am tot hon. Nhimg yeu t6 nay c6 thé tao ra
méi truong ly tudng dé nim sinh truong va
phat trién.

Hinh 7. Nim bio ngu xdm dwgc trong trong hai méi truong

Bing 9. So sinh sin lwong nim trong hai
moi treong

Nam trong Nam ngoai
mo hinh mo hinh
S6 lwong phoi 09 09
S6 1u?‘ng tai 23 2
nam
Trong luong 180 150
 (gam)
chP thude tai 155 124
nam (mm)
4. KET LUAN

Mo hinh tréng ndm ban ty dong da duoc hoan
thanh va thtr nghiém thanh cong. Cong ngh¢ truyén
thong LoRa va Modbus TCP/IP da dugc ap dung dé

truyén dit liéu vé nhiét d, d6 am, chat lugng khong
khi giita cac vi diéu khién véi nhau. Giao di¢n HMI
va Web server dugc xay dung dé diéu khién, giam
sat va thu thap dit liéu ctia toan bo hé thong. Thong
qua md hinh thyc té, mo hinh toan cta qua trinh gia
nhiét cling dugc rat ra bang phuong phap nhén dang
hé thong ma tir d6 tinh toan thong s6 cho bo diéu
khién PID. Két qua m6 phong va thuc nghiém cho
thiy bo thong so diéu khién PID tim dugc bing
phuong phap IMC lam viéc hiéu qua Qua trinh thr
nghiém diéu khién vong ho va vong kin (101 voi 2
thong s6 nhiét d va do am déu cho két qua tot va hé
thdng hoat dong on dinh trong khoang thoi gian dai.
Chat lwong nim bao ngu xam sau khi trong thyc
nghiém trong md hinh trong ndm béan ty dong c6
phan vuot tréi hon nAm duoc trong & mdi tredng bén
ngoai ca vé chat luong va s lugng.
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