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ABSTRACT

In this paper, we research a design and application of IoT with Android and
website which can supervise and control refrigerator system from distance. We used
temperature controller Hanyoung VX4 to collect signals from sensor and controlled
a 45-litres refrigerator. Signals were shown in LCD screen of controller. For digital
transmission, these signals were read and processed through RS485 communication
with Modbus protocol by an ESP32 module, with a Firebase as a database helping
users follow and control temperature through application and website. Results
show that temperature in refrigerator is stabilized well at set point. Data is sent and
received continuously and properly through the Internet.

TOM TAT

Trong bai bdo nay, ching t6i nghién ciru thiét ké va dp dung hé thong Internet of
Things (IoT) véi ing dung Android va Website dé c¢é thé gidm sat va diéu khién hé
thong kho lanh tir xa. M6 hinh sir dung bé diéu khién (BPK) nhiét d¢ Hanyoung VX4
dé thu thdp gid tri tir cam bién va diéu khién nhiét do cho mét ti lanh 45 lit. Dir liéu
do duoc hién thi trén man hinh LCD cua BPK. Pé c6 thé truyén dir liéu lén Internet,
dit liéu nay dwoc doc va xir Ii tin hiéu truyén thong RS485 theo giao thirc Modbus RTU
béi mot module ESP32, véi Firebase la nén tang co sé div liéu, gitip nguoi ding cé
thé theo déi va diéu khién nhiét d qua vmg dung va website. Két qua cho thdy nhiét
do trong kho lanh da duoc diéu khién én dinh. Dit lieu duoc truyén nhan lién tuc va
chinh xdac qua Internet.

1. Gi6i thiéu

ngay cang phat trlen cac hé¢ thong bao quan lanh

Trong ché bién va luu trit thyc pham, hang
hoa, viéc bao quan thuc pham dong vai tro thiét
yéu. Phuong phap bao quan véi nhiét do thap
(Tram y té phuong 14, 2022) 1a phuong phap phd
bién nhat. Vi thé, diéu chinh nhiét do bao quan
mot cach nhanh chéng va chinh xac nhét 1a muc
tiéu quan trong trong dé tai ciia nhom. Cong nghé

ciing can dugc cai tién tinh ning dé tan dung toi da
loi thé ctia ching. ToT la giai phap cong nghé hitu
hiéu trong viéc giam sat va didu khién tir xa trong
moi linh vyre. Nhiéu d¢ tai da nghién ctru ap dung
IoT vao diéu khién nhiét do va do 4m (Nguyén
Huy Toan, 2020), diéu khién kho mat (Nguyén
Minh Chuong, Phan Nhat Hao, 2019) c6 tinh ing
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dung cao. Con ngudi khong can phai thao tac truc
tiép tai hé théng thue ma van co thé diéu khién va
giam sat voi tmg dung va website dugc thiét ké
chuyén biét.

Bén canh sy tién loi, su 6n dinh caa nhiét
d6 bao quan chinh 13 yéu t6 quyét dinh dén chat
lwong cua qua trinh bao quan thuc phdm, hang
hoa. Pugc thiét ké voi chirc nang thu thap, diéu
khién 6n dinh nhiét d6, BDK nhiét 6 Hanyoung
VX4 (Hanyoung Nux Co., 2023) dugc st dung
trong dé tai. Pé c6 thé doc dir liéu cling nhu cai dat
BDK nay, mdt module ESP32 duogc sur dung dé xur
Iy tin hi¢u RS485 theo chuan Modbus RTU (Witte
Software, 2023) va truyén dit liéu 1én Firebase. Dé
giao tiép voi nguoi dung, mot ing dung Android
da duoc lap trinh trén phﬁn mém Android Studio
(Nguyén Vin Hiép va cong su, 2022) va mot
website duoc thiét ké voi ngon ngit HTML-CSS-
JavaScript (Pham Thi Nhung, 2008) trén phan
mém VSCode. Céc thong ) duoc hién thi va cap
nhat lién tuc, chinh xac qua cac giao dién nay.

Dé nghién ciru chuyén sau vé mot hé thong
lam lanh, nghién ctu (Duong Chinh Cuong,
Nguyén Pirc Trung, 2019) di tién hanh mé phong
hé théng trén phan mém Matlab Simulink. Tuy
nhién, viéc ap dung thuc nghiém la chua dugc
trinh bay. O nghién ctru (Poan Hitu Chirc, 2022,

trang 61-67), cAu tric phan cung IoT duoc ap
dung dé do dac nhiét do tir xa & thuc té. Tuy vay,
trong nghién ciru d6, phan didu khién chua duoc
quan tdm. Bén canh do, nghién curu trén di sau vao
trinh bay cau triic phan cimg va it trinh bay vé qua
trinh hoat dong thuc nghiém. Nghién ctru (Nguyén
Thi Thuy, 2021 , trang 81-90) ciing dé cép chi tiét
dén qué trinh giam sat va trinh bay két qua chi
tiét & thuc nghiém, nhung trong nghién ctru do,
tac gia dé cap viéc do va canh bao nhiét d6 nguoi
bénh. Viéc diéu khién bang giai thuat theo hudng
diéu khién hoc ki thuat la chua duoc dé cap. Nhu
vay, viéc ap dung IoT dé diéu khién nhiét d6 co6 ap
dung giai thuat diéu khién 1a vin d& méi, can duoc
nghién ctru thém. Torng nghién ciru nay, nhém tac
gia da chon phuong phap thu thap dir lidu dé xéac
dinh ham truyén ciia hé thong véi 1 khau quan tinh
béc nhét, duoc khai quat trong trang 107 cia gido
trinh (Nguyén Thi Thuy, 2021), tir d6 khao sat
nhanh dap tmg ctia hé théng. Bén canh d6, nhom
cling xdy dung mot mo hinh IoT dé giam sat va
diéu khién nhiét do. D6i tuong duoc ap dung trong
nghién ciru nay dé diéu khién nhiét do 1a ta lanh
mini.
2. Xay dyng mo hinh
2.1. So @6 khoi h¢ théng

Hinh 1. So d0 khdi ciia hé thong

Khéi ngu(“)n: c6 nhiém vy nhén dién ap
220V dau vao dé cung cap cho cac thiét bi dién sir
dung dién ap 220V va bién d6i dién 4p 220V thanh
dién ap 1 chiéu cung céap cho cac thiét bi st dung
dién ap 1 chiéu.

Khdi cam bién: bao gdm 1 cam bién nhiét
d9, c6 nhi€ém vu do nhiét d6 cia mdi truong can do
va truyén gia tri cho khdi diéu khién.

Khéi cong suit: bao gobm 1 ti lanh, co
nhiém vu hoat dong dé tao ra nhiét do lanh theo
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yéu cau tir khdi didu khién.

Khéi diéu khién: nhén tin hiéu tir khdi cam
bién va truyén Iénh dén khéi cong suat, khéi diéu
khién ¢ day chinh 1a BPK nhiét d6 Hanyoung
VX4. Pong thoi, khéi didu khién ciing thuc hién
giao tiép 2 chiéu voi khoi truyén thong dé truyén
va nhan dit li€u tuong tac véi nguoi dung.

Khéi truyén thong: c6 nhiém vu doc va
gui tin hiéu dén khéi didu khién dé truyén dir liéu
1én Internet. Khoi truyén théng bao gdm 1 module



UART TTL-RS485 dé chuyén dbi tin hiéu giita
khéi diéu khién va 1 module ESP32, module
ESP32 c6 nhiém vu doc va gui dit liéu nay 1én
Firebase-nén tang luu dit li€u thoi gian thuc trén
Internet.

Khdi App: 1a mot ung dung Android, c6
nhiém vu hién thi dir liéu va tuong tac truc tiép
v6i ngudi dung dé tao ra tin hidu diéu khién dén
thiét bi.

Khéi Web: hién thi théng tin ¢ dang mot

Hinh 2. Két néi mach dién h¢ thong

LN
POWER ALARM
LIGHT LIGHT
DC

McB POWER

3. Thuét toan chwong trinh

Nguyén 1y diéu khién nhiét do

OUT?2 la ngd ra diéu khién qua trinh lam
lanh cia BDK Hanyoung VX4. Khi nhiét d6 vuot
qua ngudng cua tong gia tri SV (set value) va
HYSC (hysteresis coolant), OUT2 s€ dugc bat dé
khoi dong ti lanh. Khi nhiét d¢ PV (present value)
cham méc SV thi OUT2 s& ngit.

trang web, ciing c6 nhiém vu gidng Khdi App,
dong thoi thém mot vai chirc nang dé ting kha
nang tuong tac voi dir lidu.

2.2 Két ndi phan cirng

Hé thdng phan ctng gdm 1 ti lanh 451 chira
dau do cam bién va 1 ti dién dugc két ndi voi nhau.
Bén trong ti dién gdm 1 MCB, 1 ngudn té ong
220VAC-12VDC 5A, 1 BDK nhiét d6 Hanyoung
VX4, 1 module ESP32, 1 module TTL-RS485, 1
module nguén AMS1117 5V+3V3 va 2 dén béo.

Hinh 3. Két ni khéi PCB
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Hinh 5. Nguyén ly hoat dgng cia OUT2
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> Thuit toin truyén
thong ciia module ESP32

Khi bit dau hé thdng s&
céu hinh céc chirc ning can thiét,
sau d6 kiém tra timg chu trinh
xem c6 dén thoi gian hoat dong
khong. Néu dén thi hé thong s&
thuc hién cac chic nang trong
chu trinh d6. Khi kiém tra dén
chu trinh thtr 2, néu ngudi dung
bam cap nhat thi hé théng mai
thuc hién chu trinh 2, khong thi
s€ bo qua.

> Luwu @6 xir Iy dir liéu
Modbus

Ban dau, module ESP32
can thiét 1ap ciu hinh giao tiép
Modbus, & ddy gdm baudrate va
timeout. Sau d6 khoi tao cac ham
xur 1i dir liéu tuy thudc vao muc
dich va dir liéu cua thanh ghi
hién c6. Dit lidu guri di déu gidng
nhau vé dia chi Slave, nhung
khac nhau vé mi ham chirc ning
va dia chi thanh ghi, cling nhu
dir lidu cua thanh ghi d6. Dbi véi
ma ham chirc nang 0x03 (doc gia
trj thanh ghi), hé thong s& tao tin
nhin Modbus va giii dén Slave,
ngay sau d6 doc gia tri ma thiét
bi Slave nay giri vé va tién hanh
xtr i dit ligu. P6i voi md ham
chtre nang 0x06 (dat gia tri thanh
ghi), hé théng ciing s& tao tin
nhin Modbus va giii dén Slave,
sau khi gui xong thi in ra man
hinh dong chit “Cai dat thanh
cong” dé nguoi dung nhan biét.
Dir liéu sau khi xtr 1y s€ duoc luu
lai vao ddi twong mVX4.
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Hinh 6. Luu d6 thuit toan truyén thong ciia ESP32

C4u hinh WiFi

Céu hinh NTP

CAu hinh doc RS485
Cau hinh Firebase

Cai dat thoi gian thuc hién chu trinh 1
Cai dat th&i gian thuc hién chu trinh 2

Dén thoi gian thuc hién
chu trinh 1
2]

Poc nhiét do hién tai, thoi
gian, trang thai hoat déng

Dén thoi gian thuc hién
chu trinh 2
2]

Boc cac gia trj cai dat cua
Bd diéu khién nhiét 4o

rang thai cap nha
statusUpdate = 1
b

[ ®oc cac gia tri cua Firebase |

Cai dat vao
B diéu khién nhiét dé

statusUpdate = 0

I Cap nhat Ién Firebase] | Cap nhat I1én Flrebasel

Cap nhat thoi gian

Cap nhat thoi gian
cudi chu trinh 1 é

cudi chu trinh 2
|

Cai dat thoi gian thuc
hién chu trinh 1

Két thuc

Hinh 7. Lwu dé xir 1y dir liéu Modbus

Thiét Iap cu hinh giao tiép Modbus

v

Khai tao ham xt ly di liéu
/ Nhap dia chi Slave /

&
<

/Nhép ma ham chirc néng/

Ma ham chtrc nang =0x03 Ma ham chtrc nang =0x06

/ Nhap dia chi thanh ghi / / Nhap dia chi thanh ghi /

v v
/ Nhap sé byte di liéu / / Nhap gié tri cai it /
v v

Tinh toan gia tri CRC Tinh toan gia tri CRC

v v

Truyén lénh t&i Slave

Truyén lénh t&i Slave

v v

Poc dir liéu tir Slave
Xt ly div liéu
Lwu di liéu

le

Xuét: Cai dat thanh cong




> Céu tric hé thong dir lidu trén Firebase
Toan bo dir liéu dugc cép nhat va luu trir Ién Firebase Realtime Database theo dang JSON, day la

nén tang co s dir liéu thoi gian thuc cia Google, dir liéu duoc luu tai day dé sir dung cho viée giao tiép
qua Internet gitra module ESP32 va cac giao dién nguoi dung nhu app va website.

Tong quan Truong Account Truong Chart
- Account ~  Chart
> Account
»)— Chart email: "admin@gmail.com” v 09-87-2023

v~ -NZt20vSkKB2zBVydppS
time: "12:08"
val:10.199999809265137

pass: "123456"

> Current

»)— History status: 1

> Setting
Trudng temporary

>} temporary

v — temporary

statusUpdate: 0

Truong Current Truong History Truong Setting
- Current - History - Setting
status: 0 v 91-87-2023 temp: "5"
temp: 5 v — -NZCQGD4AwWKmZ42x1jVi tempAlarm: "15.0"

time: "21:08 12-07-2023" time: "23:34 30-06-2023"

title: "Off"

tempDeltal: "0.5"
unit: "°C" tempDelta2: "1.0"

time: "2"

4. Thiét ké giao dién ngudi dung trong thoi gian dai.

Dé nguoi ding nam duoc tong quan thong
tin hoat dong cua hé thong, theo ddi ciing nhu didu
khién, viéc thiét ké tmg dung hay website can dat
duoc mot sb yéu cau co ban nhu: dit liéu can duge
hién thi o rang va day du, cap nhat lién tuc va
chinh xéc, c6 kha nang luu trir dir liéu hoat dong

> Ung dung Android

Cac dir liéu ma ngudi dung c6 thé theo ddi
va diéu khién thong qua ung dung va website
chinh la: nhiét d6 hién tai ctua ta lanh, nhiét do
cai dat, do tré nhiét do cai dat, nhiét do canh
bdo, do tré nhiét do canh bao, thoi gian cap nhat
dwr ligu.

Hinh 8. Cdc man hinh cia giao dién trng dung android

€ Diingky

@ Pang ky
HCMUTE = D6i mét khiu méi
0
Pang nhap a
2 admin@gmail.com

TEMPERATURE 10T Cai dat € Lich sir hoat dong

Setpoint
off
Nhidt 60 08¢ (°C) 5
0 Hech (°C) 0S off

Thai gian cdp nhdt: 21:08 12-07-2023

Thin glan cép nhit (phit) 2

Nhiét d6 -
Nhigt 80 a4t (°C) 150
D9 Weh (°C 10
Biéu dd nhigt 46 (°C) !
. DT @

L o 2 L o 2
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> Website
Hinh 9. Cic man hinh ctia giao dién website

Déng nhap Ding ky
Ten dang vt Emai:
Wit Witk

Ban 0a c6 i Khodn? Dang nhap ngay

DO AN TOT NGHIEP [ p——
D& tai: U'ng dung loT diéu khién va gidm st nhiét d td lanh 3 ( o )
@ a 06 lch ot 60 satpint (°C)
a ( w
Nhiét d6 hién tai Nhiét do6 cai dat NNt 60 cdnh bdo (°C)
[ ( 150
() 10.7°C 10.0°C o R o

C i )

HCMUTE
A N Lensi
do theo thoi gian an 00 9iy)
e e N o 0 Xubt —= ]
Ding xlt

bt

caiat

Bang xudt nt

HE THONG DIEU KHIEN V AT NHIET DO HE THONG DIEU KHIEN VA GIAM SAT NHIET DO

Lich st hoat dong JESMON & worosmposimamiiimasinmims___~_c NSSESCEI MO MR )|
5 oot o s et e

L . n
w + On-22:36 10-07-2023 ) hidssbooctoc DTV XY g
OIS 05:26:33 11-07-2023 107 100 ON
) o wr W -
= g ) o m -
e 052937 1.07-2028 107 100 on
CE o :ZZ =
Dang xudt Cai aat 053233 11.07-2023 107 100 ON
owgra T m T &
R wr = =
) o m -
» Luu triv dir liéu Hinh 10. Dir liéu cap nhét va luu trir tai trang tinh
Dir li€u dugc cap nhat Toh et Ay @
lién tuc va luu trir vao 1 trang Tép Chinhsita Xem Chén DBinhdang Dirliéu Céngcu Tiénichmréng Trg gilp

tinh (Google Sheet) nho lién két
truc tiép t6i Firebase. Pong thoi,
di liéu tai day cling dugc nhing
dén giao dién Xuét cua trang
web. Nguoi dung co thé tuy

© 2@ S 100% -~ d % O 9 13| adal - -[(10]+|B I

b

o717 - | &

A B [ D

1 Thoi gian cap nhat div liéu |[Nhiét do hién tai| Nhiét do cai détl Trang thai hoat dong

. 2R \ X ~ 1°A 57 19:41:33 12-07-2023 54 5 OFF
chon noi dé xem va xuat dir liéu. w 194233 12.07.2023 58 s OFF
59 19:43:33 12-07-2023 6 5 ON

60 19:44:33 12-07-2023 6 5 ON

61 19:45:33 12-07-2023 59 5 ON

62 19:46:33 12-07-2023 57 5 ON

63 19:47:32 12-07-2023 56 5 ON

64 19:48:33 12-07-2023 54 5 OFF

65 19:49:33 12-07-2023 55 5 OFF

66 19:50:33 12-07-2023 58 5 OFF

67 19:51:34 12-07-2023 6,1 5 ON

68 19:52:33 12-07-2023 6 5 ON

69 19:53:33 12-07-2023 57 5 ON

70 19:54:33 12-07-2023 55 5 ON

ksl 19:55:33 12-07-2023 53 5 OFF

72 19:56:33 12-07-2023 56 5 OFF

73 19:57:33 12-07-2023 59 5 OFF

74 19:58:34 12-07-2023 6.1 5 ON

75 19:59:33 12-07-2023 59 5 ON
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5. Mo phong hé théng trén Matlab
Simulink

Nhiam phuc vu cong tac nghién ciu céac
BDK, viéc md phong la can thiét dé gia dinh tin
hiéu dap tng thyuc té s& lam ting do tin cdy cua
BDK duogc Iya chon, luong trudc duge mot sb
kha ning c6 thé xay ra dé ngan chin trude. Qua
trinh m6 phong ciing dam bao sy hoat dong thuc
nghiém cua viéc diéu khién. Dé mé phong duoc hé
thdng, can tim dugc mo hinh toan hay ham truyén
ctia chung. O day, chung t6i chon phuong phap

Hinh 11. P4 thi thu thap dir liéu

NHIET DO CUA TU LANH KHI CAP NGUON

40

Temperature (oC)

10 . | . .
4000 5000 6000 7000 8000
Time (s)

0 10‘00 20‘00 30‘00

Tir d6 thi hinh 12, ta nhan thiy do thi c6
dang khéu quan tinh bac nhat. Goi G,(s) la ham
truyén cua phuong trinh T, (t). Ham truyén cua
G,(s) ¢6 dang nhu sau:

K
Ts+1
Trong do :

K=31.4 1a hang s6 khuéch dai cua khau,
dugc xac dinh tir db thi,

G,(s)= (1

T 1a hang s6 thoi gian quan tinh.
Vi tip hi¢u vao la ham xung nén déap tng
xung cua doi tugng la:
K

n(p)= T5iDs (2)

Bién d6i Laplace nguoc ta dugc nhu sau:

n=K(l-eT) 3)
Thay t=T va K=31.4 vao (3) ta dugc:
n:K(l—e'l):31,4><0,632:19,8448 ()]

V61 n=19.8448, ta tim dugc gia tri T tuong
ung 28 phut 20 giay, tcc T=1700s.

tim ham truyén cta hé théng. Ham truyén duoc
tim thong qua phuong phap thu thap dir liéu nhiét
d6 khi cp dién tir nhiét d ban dau la 30°C, thuc
hién thu thap 4000 mau dir liéu véi thoi gian iy
mau la 2s.

Goi T, 1a nhiét d¢ ban dau cta tii lanh, T (t)
la phuong trinh nhiét d6 cua tu lanh theo thoi gian.

bat T(t) = T, - T,(1), day la phuong trinh
nhiét d0 cua ta lanh theo thoi gian sau khi xur 1y.
D6 thi ctia T2(t) ¢6 dang nhu sau:

Hinh 12. D6 thi tin hi¢u sau Kkhi xir Iy

DO THI SU’ DUNG DE TiINH HAM TRUYEN

40

Temperature (oC)

-10

4000 5000 6000 7000 8000
Time (s)

0 1000 2000 3000

Hinh 13. Gia tri T ciia ham truyén

Time Temp (oC) Power REV
0:28:10 10.20 1 19.80
0:28:12 10.10 1 19.90
0:28:14 10.10 1 19.90
0:28:16 10.20 1 19.80
0:28:18 10.20 1 19.80

| 0:28:20 10.00 1 20.00 |
0:28:22 10.10 1 19.90
0:28:24 10.10 1 19.90
0:28:26 9.90 1 20.10
0:28:28 10.10 1 19.90
0:28:30 10.00 1 20.00
0:28:32 10.10 1 19.90

Thay K va T tim duoc vao (1), ta dugc ham
truyén cua T (t):

G(s) = 31.4 (5)
1700s +1
Ham truyén ctia h¢ thong can tim s& la:
314
Go(s)=T,—G(s)=T,-———— (©)
(=T~ =L 00541

Dudi day 1a mo ta hé théng va két qua so
sanh trén phan mém Matlab Simulink:
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Hinh 14. M6 ta h¢ thong trén Matlab Simulink

Subtract Y

314
.F i
> 1700s+1

Transfer Fen

Két qua so sanh giira tin hiéu dap tng cua
ham truyén gin nhu twong dong véi tin hidu dap
ung cua qua trinh thu thap dir liéu hoat dong thuc
té, chimg t6 ham truyén di thé hién dugc dic tinh
lam lanh cta ta lanh va co thé sir dung vao qua
trinh nghién cuu BDK.

6. Két qua hoat dong thuec té

Dbi v6i mo hinh thyc, hé théng hoat dong

Hinh 16. Két qua mé hinh thye té

Déi voi giao dién tng dung/website, nguoi
ding can thyc hién ding ky/dang nhap tai khoan
dé truy cap vao hé théng. Dir li€u dugc cap nhat
lién tuc, chinh xéc, hién thi rd rang va truc quan.

7. Két luan

Qua bai bao nay, ching t6i da trinh bay
cach ap dung IoT vao hoat dong giam sat/didu
khién nhiét do cua ta lanh, véi phﬁn cung la mot
module WiFi, thyc hién viéc doc va xu ly tin
hidu truyén thong RS485 véi mot BDK nhiét do.
Nén tang quan trong cta hé théng chinh 1a thuc
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Hinh 15. So sanh két qua giira dir li¢u thwe té va
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6n dinh, dap tng tt véi tin hiéu diéu khién tir img
dung/website, thoi gian dap ing nhanh va gan nhur
khong c6 do tré.

Vi nhiét d6 cai dat la 5°C va @6 1éch cho
phép 1a 1°C, hé thdng da hoat dong o6n dinh sau
gan 50 phut, nhiét 4o dao dong trong pham vi cai
dat. Khi thay ddi nhiét do cai dat hay co tac dong
tur bén ngoai, hé théng s€ tu dong cap nhat va hoat
dong dé dat t6i nhiét do yéu cau.

Hinh 17. Két qua hién thi biéu dé
nhiét do trén website
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hién viéc truyén di liéu khong day 1én Internet,
cap nhat va luu trit dir liéu vdi Firebase Realtime
Database, xuat dit liéu ra mot trang tinh. Voi ph::in
cting don gian, dé tim, hé théng hoan toan c6 thé
ap dung vao thuc té dbi v6i cac co s& san xut,
doanh nghiép vira va nhd.

Loi cAm on

Nhoém tac gia xin cam on PGS. TS. Nguyén
Minh Tam va TS. Nguyén Vin Dong Hai (khoa
Dién-Dién tir - HCMUTE) d4 sira chita va ho trg
dé bai bao nay duoc hoan thién.
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