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Tém tit

Bai bao trinh bay tom tit ndi dung nghién ctru va thiét ké hé thong nong trai thong minh tng dung coéng nghé
ToT. Pé tai nay tap trung nghién ctiru phwong phap thu thap dit lidu tir cic cam bién méi trudng, tong hop, luu
trit va giri dir lidu 1én server. Dé tai tmg dung logic mo dé dua ra 16i khuyén cho ngudi néng dan dwa trén cac
thong s6 thu thap dugc. Mot s6 thuat toan lya chon va loc dit liéu dugc ung dung dé san loc va tiét kiém dung
lwong dit liéu can truyén.

Ludn van thyc nghiém trén phﬁn cing tu thiét ké, bao g6m cac thiét bi thu dit liéu, bd diéu khién trung tam
cling cac phan mém hd tro cai dit va theo ddi cac chi sd. Logic mo duge mé phong trén Matlab va 1ap trinh 1én
vi diéu khién STM32F107 bang trinh bién dich Keil C. Viéc 14p trinh thuat toan logic md 1én vi diéu khién 1a
khoi dau cho qua trinh nhiing cac thuét toan phirc tap hon 1én nén tang MCU 32 bit.

Abstract

This paper presents research content and design smart farm system using Internet-of-Thing (10T) technology.
This thesis focused on methods of collecting data from environmental sensors, synthesize, store and send data
to the server. This paper applies the Fuzzy logic to give advice to farmers based on the data collected. Several
algorithms for selecting and filtering data are used to eliminate unnecessary data and save data storage during
transmission.

This thesis is performed on self-designed hardware, including Node (the data acquisition devices), Gateway
(the central controller), and software for setting and monitoring indicators. Fuzzy logic is simulated on Matlab
software and programmed on STM32F107 microcontroller with Keil-C compiler. Fuzzy logic programming
on microcontrollers is the beginning of the process of embedding more complex algorithms on 32-bit MCU
platforms.
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Chir viét tit thanh xu huéng méi ciia thé giéi. M6 hinh trang trai
loT Internet of Things thong minh tmg dung IoT dang hinh thanh va phat trién
LoRa Long Range nhanh chong.

MCU Micro Con_trOI Unit_ Cung voi su phat trién manh ctia nhu cau thuc phém
MF Membership Function sach, gia thanh canh tranh va sy bung nd cua cong nghé

thi dé tai Nong trai théng minh dang duoc xem la ¢6 du

1. Gi6i thidu

Trong bdi canh nhu cau x3 hoi vé luong thuce, thuc
pham ting cao, chat lugng lwong thyc, thyc phim dang
di xudng, dién tich dét tréng dang thu hep dan. Tan
dung nhimg khoang dit trong, cing vai su két hop cua
cong nghé thong minh s€ tao ra san lugng luong thuc
thuc phim 16n ma khong ton qua nhiéu chi phi nhan
cong. Trén thé giéi di co nhidu nghién ctru chuyén sau
vé hé thong trang trai thong minh. Ho da timg dung khao
hoc k¥ thudt tién tién, hé thdng giam sat moi truong,
diéu khién tu dong va c6 su hd tro cua robot. O Viét
Nam, cac mo hinh trang trai & Pa Lat budc dau trién
khai theo mé hinh nay va thu két qua kha quan. Vi sy
phat trién cua Internet, smartphone va dac biét 1a cac
thiét bi cam bién, Internet of Things (IoT) dang tr&

dia phat trién rat 16n. Cac mé hinh quan 1y néng trai
tién tién dang hinh thanh trén khip thé gioi. Pbi voi
Viét Nam, day la thoi diém thich hop dé phat trién giai
phap nay. Trong tuwong lai, ndng trai tng dung cong
nghé s& la mot xu hudng méi cho nén néng nghiép hién
dai. Tir nhimg vin dé trén, dé xuit nghién ctru, thiét ké
hé théng quan 1y nong trai, img dung cong nghé IoT.
Két qua mo phong va thue nghiém ciing dugc trinh bay
kha cu thé trong bai béo.

2. Thiét ké h¢ thong
2.1 Hé théng quan Iy ndng trai
Hé thdng quéan 1y ndng trai bao gdm nam thanh phan
co ban: Cam bién, Node, Gateway, Server va dich vu,
giai phap[1]. Cac thanh phan duoc két ndi v6i nhau dé



truyén dir lidu tir cam bién 1én server. Nguoi ding truy
cap server dé theo ddi, giam sat va diéu khién hoat dong
cta h¢ théng. Cu thé dugc trinh bay trong hinh 1:

Cloud server
&

2 2 2 2 2
Hinh 1: So d6 hé thong quan 1y nong trai

2.1.1 Cam bién

Céc cam bién duoc két ndi véi Node dé thu thap cac
thong s6 nhiét do va do am trong nong trai. Cac dir
lidu nay dugc Node tong hop va giri 1én Gateway.
2.1.2 Node

Node 1a thanh phan co ban cta hé thong IoT. Trong
mot hé thong quan 1y dir liéu ciia Gateway c6 thé ¢6 vai
chuc dén hang trim Node. Mdi Node quan 1y hang chuc
cam bién khac nhau. Trong bai béo nay, tic gia két ndi
mdi Node mot cam bién do nhiét d6 va 6 4m. So dd
khéi nhu sau (hinh 1)

e Tranh mat dix liéu: Khi céc node yéu cau server guri
va nhan dir liéu cung luc thi kha nang server s& khong
dap tmg duoc sé lwong 16n nhu vay. D6 chinh 1a
nguyén nhan gay ra tinh trang mat dir liéu hoac
khéng nhan duoc phan hdi tir server.

e Lya chon dit liéu: Khi tat ca cac cam bién gui truc
tiép 1én cloud, dir liéu khong dwoc lya chon, san loc.
C6 nhiing dir liéu khong can thiét ma van duoc gui
di. Tuy nhién, khi st dung gate, dir liéu s& dugc kiém
soat, san loc[2] k§ trudc khi giri. Do 1a 1y do gateway
tiét kiem dung luong.

e Dong goi dit liéu: Dit liéu sau khi lua chon, san loc
s& dwoc dong goi va giri di, tranh tinh trang mat dir
liéu.

e Xir ly BigData: Khi hé théng c6 luong cam bién du
I6n thi van dé BigData s& duoc Gateway xtr ly tét
hon. Céc thuat toan v& loc va nén dir lidu duoc &p
dung dé giam dung luong luu trit, han ché ma rong
trang thiét bj luu trit.

Gateway duoc thiét ké theo so @6 khéi sau (hinh 3):
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Hinh 2: So d6 khéi ctia Node

Céac Node truyén dit lidu 1én Gateway thong qua
chudn giao tiép LoRa tan s6 433 MHz véi khoang cach
1én dén 3000 mét.
2.1.3 Gateway

Gateway c0 vai trd quan trong trong hé thong ToT.
Viéce két ndi internet sir dung gateway dem lai nhiéu
loi ich:

e Tiét kiém dung luong: Gateway c6 vai tro thu thap
dir liéu tir cAc node guri 1én. Sau do6 phan tich, tong
hop dix liéu va guri 1én cloud. Dt liéu sau khi phan
tich va téng hop s& c6 dung luong giam di dang ké
S0 v6i dir liéu tir cac node.
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Hinh 3: So db khéi cua Gateway

2.1.4 Server

Server luu trit toan bo dir liéu tir Gateway giri 1én dé
ngudi dung c6 thé truy cap ¢ bat ky dau co két ndi
internet. Hién nay, ngudi 14p trinh c6 thé tu tao cho
minh mot server riéng hodc st dung server cua mot $6
nha cung cép c6 sin trén thi truong. Trong dé tai nay,
tac gia sur dung server cua Google 1a Firebase.
2.1.5 Dich vu va giai phap

Trén co so nhiing dir 1i€u nhan dugc trén server, ta
c6 thé phat trién cac ing dung, dich vu hay giai phap



theo doi, giam sat, diéu khién[3] hé thong quan 1y mot
cach thuan loi nhat, st dung d& dang va than thién. Vi
du nhu ung dung trén nén tang hé diéu hanh Android,
iOS, Windows Phone. .. hodc trén nén ting web bang
ngon ngir 1ap trinh Java.
2.2 Thiét ké b diéu khién fuzzy

Bo diéu khién fuzzy c6 hai ngd vao: nhiét do va do
am(thap, vira, cao); hai ngd ra: hoat dong cua diéu hoa
va bom (it, vira, nhiéu) [4]duoc trinh bay trong hinh 1:
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Hinh 4: Ngd vao va ngd ra b diéu khién
Ngd vao nhiét do, do am dé kiém soat hoat dong cla
bom va didu hoa. Khi nhiét d6, d6 4m thay ddi thi hé
thong diéu khién bom va diéu hoa hoat dong dé dap
g thong s6 t6t nhét cho su phat trién ctia cdy trong.
Ham MF cho ngd vao nhiét d¢ va d6 am dugc trinh bay

6 hinh 2 va hinh 3.
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Hinh 6: MF ng vao d6 4m
Hai ham MF ngd ra: hoat dong ctia bom va didu hoa
dugc trinh bay ¢ hinh 4 va hinh 5
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Hinh 7: Ham MF ngd ra bom

lot paints:
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Hinh 8: Ham MF ngo ra diéu hoa

Bang luat:

Bang luat dugc xay dung theo cong thirc m" Ia:

S6 luat =m"

m: s6 ham MF

n: s6 ngd vao

Do d6, s6 luat1a 32=9

Vi vay, ¢6 chin luat dugc xac dinh theo quy tdc AND,
duoc trinh bay trong hinh 6:

Nhiet-do =30 Do-am =80 Bom =31.1
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Hinh 9: Rule viewer
Ngé ra duoc tinh bang cong thirc Center of Gravity:

tdt
= (21)



2.3 Tinh toan diém swong

Diém suong ciia mot khdi khong khi, & ap suat khi
quyén cb dinh, 12 nhiét d6 ma & d6 thanh phéan hoi nudc
trong khéi khong khi ngung dong thanh nudc 1ong. Noi
cach khac, diém suong 13 nhiét d6 ma d6 4m twong ddi
ctia khdi khong khi dat dén 100%. Diém suong xéac
dinh d6 4m twong dbi. Khi d6 am twong dbi cao, diém
suong gﬁn v&i nhiét do hién tai cua khong khi. Néu do
am tuong d6i 1a 100%, diém swong s& bang hoic cao
hon nhiét d6 khong khi lac d6. Néu do am twong ddi
giam diém suong sé& thap hon di véi cing mét nhiét
d6 ciia khéi khong khi[5].

C4c thong sb tinh toan diém suwong nhu sau:

+ Ap suét hoi nudc bdo hoa (saturation water
vapour pressure):

m.T

B, = A. 10(m) (hPa) (2.2)
Trong do:
o T la nhiét d6 moi treong xung quanh (°C)
e A, m, T, lahing sé cho trong bang 1
e hPala don vi do 4p suit, 1hPa = 100Pa

Bang 1: Hang sb tinh toan diém suong

A m Tn Sai sb GI(.Y! haf‘
nhiét do
6.1164 | 7.5913 | 240.7263 | 0.083% -20—50°C
6.0049 | 7.3379 | 229.3975 | 0.017% | 50—100°C
Nudc
5.8565 | 7.2773 | 225.1033 | 0.003% | 100—150°C
6.0028 | 7.2903 | 227.1704 | 0.007% | 150—200°C
Bang | 6.1147 | 9.7787 | 273.1466 | 0.052% -70—0°C

+ Ap suit hoi nu6e (water vapour pressure):
RH
P, = P, X o (hPa) (2.3)
Trong do:
e RH la d6 4m twong di cua khdng khi (%)
e Py 12 8p suit hoi nudc bdo hoa (hPa)
+ Tinh diém suong:

Tn

Td:l—

os(BE)

(°C) (2.4)

Trong dé: A, m, T, 12 hing s cho trong bang 3.5

3. Nguyén Iy hoat dong ciia h¢ thong
Budc 1: Poc dit liéu cam bién

Cac cam bién két noi vai Node qua chuan giao tiép
2-wire. Dir liéu dugc gui 1én Node.

Budce 2: Node tap hop dit liéu nhiét d9, d6 am, dung
lugng pin theo ding dinh dang, tinh CRC r6i giri 1én
Gateway. Néu khong nhan dugc xac nhan tir Gateway
s& glri ¢ 1an tiép theo. Dit liéu vao trudc s& dugc giri
trudce.

Budc 3: Gateway nhan duogc dir 1i€u s€ tinh lai CRC.
Néu sai s& yéu cau Node gui lai. Truong hop mat dir
liéu s& cho Node giri 1an ké tiép.

Budc 4: Luu trir dir liéu

Gateway tién hanh nén dit liéu. Dit liéu tir cac Node
gui 1én 1a dit liéu thoi gian thyc. Gateway luu trit &
dang dir lidu trung binh hang gio, hing ngay, hing
thang va hang nam, cing véi d6 1a dir liéu 16n nhét va
nho nhét cua timg gid, timg ngdy, timg thang va timg
nim cua timg cam bién.

Budc 5: Gui dir liéu thoi gian thyc 1én server.

Budc 6: Tinh toan fuzzy logic

Gia sur ngd vao va ngd ra mo phong dugc cho gia tri
nhu sau:

Nhiét do: 30°C Do am: 80%
Bom: 31.1% Diéu hoa: 54%

Ngd vao 1, nhi€t d§ yinp thudong va Hnéng

-30 9
Hpinh thuomg = —55" + 7 0.75

30 5

Hnéng = 20 2 =0.25

Ngd vao 2, d6 am Ubinh thuong Va Uam wot
-80 9

Hyinh thuomg = 57 + 7 0.25

Hagmuwot = 75—

Cin cir theo bang lut hinh 7 thiét I4p bang sau:

Bang 2: Gia tri khi d6i chiéu bang luat

Luat MF Giatri
R1 binh thusng & binh thwong 0.25
R2 Wbinh thwong & Wém wot 0.75
R3 Hnéng& Ubinh thuong 0.25
R4 Hnéng & Ham ut 0.25

Ap dung cong thirc 2.1:
Ngo ra bom:

90 20 0, 4 5
Otdt = | 0.75¢dt + f (—+—) tdt
J, wonar=| , ot

80 0, 4+ 9
+ j- 0.25tdtf (—+ —) tdt
40 go \40 4
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fgo (t)tdt =150 + 850 + 600 + 625
N - 3 6 2

f9o 20 0, + &
p)dt = f 0.75dt +f (— + —) dt
0 0 20 40 4

80 %, _+ 9
+ f 0.25dtf (— + —) dt
40 go \40 4

90 5 145
f/,t(t)dt=15+10+10+—=—
o 4 4

2275
__2 _
COG1 = 145 =313
4

Ngé ra diéu hoa:
fwo 40,4+ 1 60
u®)tdt = f (— - —) tdt + f 0.75tdt
10 10 40 4 40

80 ,_+ 9 100
+f (—+—) tdtj 0.25tdt
60 \40 4 80

100 675 2050 13325
f p(Otdt =—— 4 750 + —— + 450 = ——
" 2 3 6

f100 40 t 1 60
u(t)dt =f (———) dt +J 0.75dt
10 10 40 4 40

80,4+ 9 100
+J (—+—> dtj 0.25dt
60 ‘40 4 80

100 45 165
f u®)dt=—+15+4+10+5=—
10 4 4

Budc 7: Tinh toan diém swong

Gia sir ngd vao va ngd ra mo6 phong dugc cho gia tri

nhu sau:

Nhiét d6: 30°C D06 4m: 80%

Bom: 31.1% biéu hoa: 54%

Ap dung cong thirc 2.2
7.5913+30
P, = 6.1164 * 10(30+24—0.7263)

P, = 42.433689 (hPa)
Theo cbng thuc 2.3:

P, = 42.433689 x —
100

P, = 33.9469 (hPa)
Tinh diém suong bing cong thirc 2.4:
240.7263

Td =
7.5913
33.9469
log ( 6.1164 )

T, = 26°C

-1

Budc 8: Piéu khién hé thong

Trén nhimg gi4 tri tinh toan dwoc, Gateway tién hanh
phan tich va dua ra nhitng goi y cho nguoi dung. Vi du:
dbi véi gia tri nhiét d6 30°C va do am 80% nhu trén,
Gateway tinh dugc gia tri cia hai ngd ra la 31.3 va
53.83. Can cir vao d6 cho thy, nhu cau nudc tudi cia
cdy trong giam di, chi con hon 30% so v6i luong nudce
can thiét dé cay sinh truéng, phat trién va nhiét do vira
dt nén diéu hoa hoat dong 50% cong suét.

Qua tinh toan diém suong ciing cho thiy, nhiét do
can thiét dé ngung tu hoi nudc ciing gan voi nhiét do
tai thoi diém do hon (26°C). Tinh toan nay cho phép
diéu chinh nhiét do dé dam bao do 4m cho nhiing cay
can moi truong 4m udt ma khong can phai diéu chinh
do am.

4. Két qua mé phéng va thuc nghiém

4.1 Két qua thiét ké

Phan cimg cta Node va Gateway da duoc thi cong
hoan thién va hoat dong on dinh. Hinh anh duoc trinh
bay ¢ hinh 6 va hinh 7.

N6OC TIEN A=
1680709 |
£ e i:’ 3

Hinh 11: Phan cimg Gateway
Két qua tiéu thy dién ning cia Node duoc trinh bay

0 hinh 8. Chu ky hoat dong cua Node dugc chia thanh

4 giai doan.

e Giai doan 1: Thuc giac. Node khi khong hoat dong
s& roi vao trang thai ngi dé tiét kiém ning luong. Khi
dén chu ky hoat dong, hé thdng s& danh thirc dé bét
dau hoat dong. Thoi gian khoang 400 ms.



~ Parameters

o Giai doan 2: Doc gia tri cam bién. Sau khi thic day, e . mr
Node s& tién hanh doc gia tri cam bién. Thoi gian -

khoang 30ms. SENSOR2:
e Giai doan 3: Guri dir liéu 1én Gateway. Pay la giai ‘ ;,E:s;n 3
doan tiéu thy niang luong nhiéu nhat véi dong tiéu pu—" 16/04 09:58
thu khoang 110 mA trong khoang thoi gian 240 ms. -
Két qua do dac vai chu ky phat mdi phut nhu sau: S, [
e Dong tiéu thy trung binh: 620uA o~ W 104 0050
. D(‘)ng tiéu thu tdi da: 110mA L _ . ‘ _m.ep_‘m\n:nmuupm, dglam binn thuong
e Dong tiéu thy téi thiéu: 90pA e 0% e
¢ fil ] .
&AL L L L L L R T S L L A e
3 T s 3

TTTTT
!
T
il

8

New pass:

Confirm

JADS1202CAL +, CH1 109.0 .0
Birih TT L L

i sl b b b o o d

Hinh 12: Biéu db tiéu thy dién ning cua Node
Khoang cach truyén dir lidu: Theo thong s nha san

xuét, module LoRa c6 thé truyén dugc khoang cach tbi Hinh 14: Giao dién tmg dung Android
da 1én dén 3000m. Khi thir nghiém thuc té, thiét b c6
thé truyén dir lidu toi gateway & khoang cach 1300m
(hinh 10).
UserName
Password

WELCOME TO THL

Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5

YoRH @ 72.8%RH
2% =

TrutngDal
o hocQudc Té'-,v'
@) Dai hoc QuBc!

T6%

Do khoang cach

Tong khodng céch: 1,31 ki 16 mét (4.301,84 bd)

Hinh 13: Khoang cach truyén dit liéu thuc té

o . DA PN . {5 CHANGE PASSWORD x
Cac ung dung giam sat va di€u khién trén Android —_—
va web dd dugc phat trién. Giao dién dwoc thé hién
trong hinh 14 va hinh 15. Ung dung c6 thé theo ddi cac
chi sb nhiét do, do am , dung lugng pin ctia Node; diéu

<R A A SRS A < A 39 - , A Confirm new password
khién h¢ thong tudi tiéu, dieu hoa dé dadm bao cac thong _

s0 ludn & gia tri mong mudn. SRR, .-\ i | S—

Hinh 15: Giao dién ung dung web



So v6i két qua cua diéu khién theo hai mirc bat — tat
thi két qua cua luan van t6i wu hon vi ding fuzzy logic
cho két qua tinh toan giéng tu duy cta con nguoi. Qua
fuzzy logic, ta c6 két qua theo timg khoang khac nhau
va tmg dung n6 dé dua ra cac 15i khuyén cho nguoi
dung mot cach chinh xac, tién t6i 1a diéu Khién tu dong
hoan toan hé thong.

4.2 Két qua tinh toan

Két qua mo6 phong Matlab va két qua tinh toan thuc
té trén Gateway dugc trinh bay trong bang 2:

Bang 3: So sanh két qua mé phong va thuc té

Nhigt | Do M6 phong Thyc té Sai lach (%)
do am Piéu biéu biéu
€0 | | B | hea | B hea | B | hea
24 40 54 493 | 53.83 | 49.35 -0.16 | 0.05
26 40 54 50.7 | 53.83 | 50.64 -0.16 | -0.05
28 40 54 522 | 53.83 | 5214 -0.16 | -0.05
30 40 54 54 53.83 | 53.83 -0.16 | -0.16
32 40 | 542 | 561 | 54.07 | 55.94 012 | -0.15
34 40 | 546 | 586 | 5444 | 58.41 015 | -0.19
24 60 46 493 | 46.16 | 49.35 0.16 0.05
26 60 46 50.7 | 46.16 | 50.64 016 | -0.05
28 60 46 522 | 46.16 | 52.14 016 | -0.05
30 60 46 54 46.16 | 53.83 016 | -0.16
32 60 | 458 | 561 | 4592 | 5594 012 | -0.15
34 60 | 454 | 586 | 4555 | 58.41 015 | -0.18
24 80 | 311 | 493 | 3137 | 49.35 0.27 0.05
26 80 | 311 | 507 | 3137 | 50.64 027 | -0.05
28 80 | 311 | 522 | 3137 | 5214 027 | -0.05
30 80 | 311 54 31.37 | 53.83 027 | -0.16
32 80 | 323 | 561 | 3269 | 5594 039 | -0.15
34 80 34 58.6 | 34.32 | 5841 032 | -0.18

5. Két luan

Bai bao nay di trinh bay quy trinh thiét ké va thi cong
trong hé thong quan 1y nong trai, img dung céng nghé
loT. Cac giai thuat tinh toan déu duoc thuc hién trén
nén tang MCU 32 bits, hoat dong 6n dinh, gia ca phu
hop va hiéu ning kha. Pé tai mang tinh tmg dung cao,
¢6 thé 4p dung vao thyc tién nham phat huy t5i da loi
ich ma cong nghé mang lai cho nén néng nghiép dang
trén da phat trién.
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