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TOM TAT

Bai bao nay trinh bay viéc thiét ké mé hinh mang cam bién khéng day dua trén céng nghé mang
dién réng cong sudt thdp nham tng dung cho néng nghiép cdng nghé cao. Mang cdm bién khong
day cho phép ngudi néng dan cé thé thu thap dugc cac di liéu nhu nhiét do khéng khi, dé dm
khong khi va do am dat. M6 hinh mang cam bién khong day gom cac thanh phan: 02 ndt cdm
bién (Sensor node), 01 tram thu thap dir liéu (Gateway), 01 trung tam d liéu (Cloud Server) va ing
dung trén dién thoai théng minh. Mé hinh mang nay dudgc kiém tra viéc truyén di liéu tai hai khu
vuc: khu vuc 1 (méi truong doé thi day dac) & khodng céch 500m va khu vuc 2 (moi truong do thj -
it vat can) & khoang céch 1.500m va 1.700m. Thoi gian thuc hién thu thap dir liéu & céc thai diém
khac nhau trong ngay va cé méi 15 phut cap nhat di liéu mat lan. Két qua thir nghiém cho thay
hé théng mang cam bién khong day hoat dong én dinh, i liéu dugc cap nhat lién tuc lén LoRa
Server, khong xay ra trudng hop mat géi dir liéu. Xac dinh dugc cong suat tiéu thu clia Sensor node
& ba ché dé hoat ddéng goém: truyén, nhan va turn-off. Qua dé cho thdy dugc uu diém clia cong
nghé LoRa trong viéc phat trién mang cam bién khong day do 1a khodng cach truyén dir liéu xa
va cong sudt tiéu thu thdp. Bén canh d6 mang cam bién nay cing dugc th nghiém trong nha
mang tai trang trai trong rau thly canh (Aquaponics) thudc Trung tm Nghién ctu Ung dung cong
nghé cao trong Néng nghiép (RCHAA), Trudng Pai hoc Khoa hoc Tu nhién, PHQG-HCM. Két qua
thir nghiém budc dau cho thdy mo hinh mang cam bién hoat déng 6n dinh va hiia hen dem lai
nhiéu lgi ich dang ké trong linh vuc ndng nghiép cong nghé cao nhu: trang trai trong cay thy
canh, trang trai tréng rau sach, trang trai nuéi trong thiy san.

T khoa: mang LoRa, Internet van vat, mang cam bién khong day, thu thap d liéu, nong nghiép

cbng nghé cao.

GIGI THIEU

Hién nay, viéc ting dung khoa hoc cong nghé tién tién
vao linh vic nong nghiép dang dugc chu trong va
phét trién. Trong d6 dic biét cac ki thuat do ludng,
diéu khién va thu thép cdc di liéu moi trudng ti xa
dugc tng dung trong viéc phdt trién néng nghiép
cdng nghé cao nhim nang cao hiéu qua san xudt va
dam bao sy phat trién nong nghiép xanh bén viing.
V6i quy md nha ludi hay ndng trai rong thi viéc st
dung thiét bi thu thap di liéu két ndi theo phuong
phép di diy truyén thong sé gap nhiéu khé khan. Do
d6 viéc nghién ctiu va thiét ké mang cam bién khong
day (Wireless Sensor Network) nham thu thép cac dit
liéu moi truong sinh trudng cta ciy trong trong nong
nghiép 14 can thiét !~

Mang cam bién khong day hién dugc st dung phd
bién trong céc ing dung khac nhau nhu: cong nghiép,
nong nghiép, y hoc, tu dong hda ngodi nha, theo doi
stic khoe, gidm sat moi trudng, kiém sodt giao thong
... Mang cadm bién khong day la m¢t phan khong thé
tach rdi cta hé thong Internet of Things (IoT). Cac

tng dung trong hé théng IoT yéu cdu chi phi thép,
cdng sudt tiéu thu thip, ing dung tdm xa, s8 lugng
cam bién nhiéu, trién khai nhanh va chit lugng dich
vu cao. Nhiéu cong nghé mang khong day da dugc
nghién ctu va phét trién nhdm d€ dap ung cic yéu
cdu trén, ching han nhu: Bluetooth, Bluetooth Low
Energy, WiFi, ZigBee, mang di ddng (GPRS/3G/4G),
LoRa (Long Range Radio). Tuy nhién, trong d6 cic
cdng nghé nhu: Bluetooth, Bluetooth Low Energy,
WiFi va ZigBee, mang di dong déu khong thich hgp
cho nhiing tng dung IoT tdm xa vi tiéu t6n nhiéu
nédng lugng va chi phi cao cho phan cting va dich vu.
V6i LoRa la mét cong nghé mang khong day, duge
dé xudt nhu mot giai phap co s& ha tang thich hop
trong viéc xay dung mang cam bién cho cac ting dung
ToT>10,

Bang 1 trinh bay cac cdng trinh nghién ctiu trudc day
vé€ mang cam bién khong day lién quan dén cong trinh
clia tac gia.

Céc cong trinh trén cho thdy ring trong mdi hé théng
mang cam bién khong diy dugc xay dung déu gém cd
ba thanh phan chinh nhu: nit mang cadm bién (Node),

Trich dan bai bao nay: Chi Nhan N, Ngoc Tuan P, Huy Hoang N. Mang cam bién khéng day iing dung
cho nong nghiép cong nghé cao. Sci. Tech. Dev. J. - Nat. Sci.; 3(4):259-270.
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Bang 1: Cac cong trinh nghién ctu truéc day vé mang cam bién khéng day

Thong s6

Cong nghé truyén di
liéu

Nat mang cam bién
(Node)

Cong trinh cta tac gia Nikesh
Gondchawar!

Wi-Fi hoac ZigBee

G6m 03 node:
- Node 1: Raspberry Pi, motor
driver, camera, dnh sing.

Cong trinh cua tac gia Lé
Pinh Tuin?

GPRS va SMS

Node: gom cac cam bién :
nhiét dg, d6 &m khong khi,
d6 4m dét, anh sdng, pH.

Cong trinh cia tic gia

Ayesha Siddique®
LoRa
Node: module thu phat

LoRa, cic cam bién : anh
sang nhiét o, d 4m khong

- Node 2: Vi diéu khién At-
mega 16/32, cdm bién nhiét do,
do 4m khong khi, anh séng,
may bom.
- Node 3: HT12E Encoder IC,
cam bién d6 4m dit.
Tram thu thap di liéu
(Gateway)

- Node 1: d6ng vai trd nhu mot
gateway

Trung tim di liéu - Node 1: dongvai tro nhu mot

(Cloud Server) server chuyén dii liéu ra Inter-
net
Phin mém gidm sat va ~ May vi tinh/App

diéu khién (App/ web/
chuong trinh trén may
vi tinh)

Pham vi ting dung No6ng nghiép thong minh

khi, d6 4m dit.

Nut quan ly ving: nhin  Gateway: module thu phét

dit liéu ti cdc nit cdm bién  LoRa
va truyén di liéu nay vé

trung tdm diéu hanh, dong

thoi nhan va truyén lénh tit

trung tdm di€u hanh dén

cic nut cdm bién dé thuc

thi.

- Mdy vi tinh (server) Méy vi tinh (server)

- Modem SMS

- Modem wireless

- Modem ADSL

May vi tinh Méy vi tinh

No6ng nghiép chinh xac No6ng nghiép thong minh

tram thu thép dit liéu (Gateway) va trung tam dii liéu
(Server/Cloud Server). Bén canh d6 dé ngudi dung
¢6 thé gidm st va diéu khién hé thdng mang thi cin
¢6 phdn mém gidm sat va diéu khién (App hodc web
hodc chuong trinh trén may vi tinh). Céc hé théng
mang cam bién trén dugc ting dung trong linh vuc
nong nghiép thong minh. Trong d6 cong trinh clia
téc gia Nikesh Gondchawar! da x4y dung Node 1 sti
dung board mdy tinh nhiing Raspberry Pi déng vai tro
clia mot nit mang, ciing nhu tram thu thap di liéu va
trung tam di liéu, tuy nhién phan mém giam sat, diéu
khién va cong sudt tiéu thu chua dugc trinh bay. Bén
canh do6 & day tac gia st dung cong nghé truyén dit
liéu ZigBee, d6i v6i cong nghé nay thi khoang cach
truyén ngdn (khoang 100m) va chi phi d6i véi thiét bi
ZigBee cao hon so v6i LoRa. Cong trinh clia tac gid Lé
Pinh Tuin? da trinh bay chiic ning clia node, gate-
way, trung tdm di liéu va phdn mém giam sat diéu
khién trén mdy vi tinh, tuy nhién chua cho théy cu
thélinh kién phén cting dugc stt dung ciing nhu cong
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sudt tiéu thu clia node va gateway. Ngoai ra cong nghé
GPRS va SMS dugc téc gia stt dung d€ truyén dii liéu,
déi véi cong nghé nay thi cho phép truyén di liéu
& khodng cach xa ( khoang 10 km), tuy nhién cong
nghé nay c6 cong sudt tiéu thu va chi phi cao hon so
v6i LoRa. Cong trinh ctia téc gid Ayesha Siddique°da
trinh bay tdng quan vé m6 hinh mang cam bién khong
day st dung cong nghé LoRa, tuy nhién cdc thong s6
cdu hinh ciing nhu cong sudt tiéu thy cta node va
gateway chua dugc trinh bay ro, bén canh d6é phin
mém gidm sat va diéu khién trén mdy tinh ciing chua
dugc trinh bay.

Trong pham vi bai bao nay ching téi tap trung nghién
ctiu va thiét ké mo6 hinh mang cam bién khong day
dya trén cong nghé LoRa nhim thu thép cic di liéu
moi trudng nhu: nhiét do khong khi, do ém khong
khi, &6 4m d4t. Noi dit cam bién thu thép di liéu
dugc xem 1a mot nut mang, trong mdi nit mang dugc
thiét ké ngoai cam bién con dugc tich hgp chip vi diéu
khién, module thu phét khong day LoRa dé truyén di
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liéu dén tram thu thép dii liéu (Gateway), sau do dit
liéu dugc truyén dén trung tam di liéu (Cloud Server)
ti day nguoi dung cé thé gidm sat cdc dit liéu thong
qua mang Internet. Cong nghé LoRa mang dén hai
yéu t6 quan trong la tiét kiém néang lugng va khoang
cach truyén xa. Mang cam bién khong day nay cho
phép ngudi nong din c6 thé thu thép duge cac di
liéu nhu nhiét d¢ khong khi, do &m khong khi, d6 4m
dat. Mang cam bién nay c6 thé dugc ung dung cho
céc trang trai trong céy thiy canh (aquaponics), trang
trai trong rau sach, trang trai nudi tréng thuy san...

PHUGONG PHAP THIET KE CAC

THANH PHAN TRONG MANG CAM
BIEN

LoRa ndm & 16p vat Iy (physical layer) cia LoORaWAN
dugc Lién minh LoRa (LoRa Alliance) dé xuit”-®. Lo-
RaWAN thudng st dung kién tric hinh sao star-of-
star, trong d6 gateways 1a mot cau ndi chuyén tiép di
liéu git cac thiét bi ddu cudi v6i mdy chu trung tdm.
Gateway dugc két ndi v6i may cht trung tdm thong
qua chuén két néi IP (Ethernet, Wifi hodc 3G), trong
khi thiét bi ddu cu6i dung giao tiép khong day theo
chuén LoRa dé€ két n6i dén mot hodc nhiéu gateway.
LoRa Alliance da tao ra cac 16p bao mat khic nhau
cho LoRaWAN gém:

- Network key riéng d€ dam bao do bao mat trén 16p
mang.

- Application key riéng d€ dam bao hai ddu cta 16p
tng dung.

- Key dic biét ctia thiét bi.

Hinh 1 trinh bay m6 hinh phéan 16p LoRaWAN va so
d6 khoi cac thanh phén trong mang cam bién. Trong
d6 khéi thit nhét 1a khéi thu thap di liéu (sensor
node) gom board mach vi diéu khién Arduino UNO,
module thu phat LoRa SX1278 va cdm bién nhiét do,
d6 4m khong khi, d6 dm dét, khoi thi hai la Gateway
g6m bo xti Iy NodeMCU c6 tich hgp WiFi ESP8266,
module thu phat LoRa $X1278 va khéi thi bala Cloud
Server.

Trong cac ting dung IoT thi diém quan trong 14 truyén
rat it bit di liéu d€ theo doi céc thiét bi tAm xa, véGi
cdng sudt tiéu thu thip va hiéu qua kinh té cao. Hién
tai c6 nhiéu mo6 hinh mang khong day tuy nhién moéi
mang c¢6 nhiing vu va nhugc diém riéng, d€ nhim
ung dung trong IoT, ching ta cidn phai chon lya mo
hinh mang thich hgp. Déi véi trong méi tridng nong
nghiép thi viéc truyén di liéu tii cdc nut mang cam
bién dén tram thu thip di liéu va trung tdm di liéu
sé gdp trd ngai vé khodng cach, chiu anh hudng cta
modi trudng ... Do d6 can phailua chon c6ng nghé phu
hgp cho viéc thiét ké hé théng mang cam bién. Hinh 2

Mo hinh phan
16p LoRaWAN

spiuse

== nmlx =)

NodeMCU |«
l v
LoRa WiFi
SX1278) | ESP826,

Sodd khoi cac
L thanh phin trong
mang cam bidn

Cloud Server

Hinh 1: Mé hinh phéan 16p LoRaWAN va so d6 khdi
cac thanh phan trong mang cam bién.

BLE  ZigBee LoRa  SigFox

ClassicBT LTE  GPRS  WiFi

Hinh 2: So sanh giita cac cong nghé khong day*.

trinh bay viéc so sanh gitia cdc cong nghé khong day
dua trén cong suft tiéu thu va khoang céch giao tiép*.
Trong do SigFox va LoRa la hai cong nghé phu hop
nhdt cho cac tGing dung trong linh vic nong nghiép
bdi tinh chit tiéu thuy it ning lugng va khoang cach
giao tiép xa, quy mo khong qua 16n, don gian, dé Ging
dung va c6 kha nang mé& rong. Mot s6 tinh nang ctia
cdng nghé LoRa dugc trinh bay trong Bang 2.

LoRa st dung ky thuat diéu ché Chirp Spread Spec-
trum (CSS), v6i ky thuét nay thi di liéu sé dugc diéu
ché thanh cdc tin hiéu hinh sin c6 tan s6 thay ddi theo
thoi gian (goi la chirp signal). C6 2 loai chirp signal:
up-chirp (tin s6 song ting dan theo thoi gian, dung
dé ma héa bit 1) va down-chirp (tin s6 séng giam
dan theo thoi gian, ding d€ ma héa bit 0). Co ba
théng s6 lam anh hudng dén qud trinh diéu ché tin
hiéu LoRa : bing thong (Bandwidth - BW), hé s6 lan
truyén (Spreading Factor — SF) va ti 1é ma hoa (Code
Rate - CR).

Mo hinh mang cam bién khong day dugc dé xuat
thiét k& (Hinh 3) goém : 02 nat cam bién (Node), 01
tram thu thap dii liéu (Gateway), 01 trung tdm d liéu
(Cloud Server - Blynk Server) va ting dung trén dién
thoai thong minh (Blynk App).

Trong d6 module thu phat LoRa SX1278 (E32-TTL-
100) dugc st dung trong thiét ké mo hinh mang cam
bién khong diy, d€ truyén di liéu gitta cac Node
dén Gateway. Module nay st dung chip SX1278
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Bang 2: Tinh ndng cGia cdng nghé LoRa

Thong s6 Tinh ning

Tiéu chuin LoRa tuin tha chuén IEEE 802.15.4

T4n s6
Chau A)

Ky thuét diéu ché

Toc do di liéu To6i da 50 kbps

LoRa hoat dong trong phd tin s6 khong cin déng ky (868MHz EU, 915MHz My, 433MHz

Diéu ché FSK dua trén ky thuat Chirp Spread Spectrum

Khodng cach Mang LoRa c6 thé truyén/nhan di liéu & khoang céch lén dén hang km.
truyén/nhén
Cong sudt thdp Mang LoRa dugc thiét ké dé€ gidm miic tiéu thu ning lugng va kéo dai tudi tho pin ctia cic
cam bién dugc két néi.
g\ s
—_ = @.
h 5
T -
© T 1@ o |
- — Bo mach diéu khién Module thu phét RF
I3 = Cloud Server \ - (Arduino Uno)
-gJ \ ~ LoRa Gateway
JE g /_ LoRa Connection a
/LORB Node —— Ethernet, WiFi, 3G

Sensors.

Hinh 3: Mé hinh mang cam bién khéng day dugc
dé xuat thiét ké.

ctia Semtech, tdn s6 433Mhz, khoang cach truyén
trong di€u kién ly tudng la 3000m, t 6c do truyén
0,3 - 19,2Kbps (méc dinh 2,4Kbps), cong suidt phat
100mW, dién 4p hoat dong 2,3 - 5,2VDC, giao tiép
UART (8 bit Data, 1 Stop bit, None Parity bit, Baud
rate 1200-115200). Cam bién DHT22 dugc st dung
dé thu thap di liéu nhiét do va d6 dm khong khi.

NGt mang cdm bién

Nut mang cam bién (Node) 14 thiét bi giao tiép véi
cam bién dugc lap dat tai cac vi tri lam viéc & xa d€
thu thap di liéu va truyén di liéu thu thap dugc dén
Gateway. Phan ciling ctia node gom : module thu phat
LoRa SX1278, board mach diéu khién Arduino Uno,
cam bién nhiét do va d6 4m khong khi, cdm bién d

4m dét, nguén pin 12VDC.

Thiét ké mach giao ti€p Node

So d6 khoi mach giao tiép ctia Node dugc trinh bay
trong Hinh 4. Hinh 5 va Hinh 6 trinh bay mach thuc
té tuong ting ctia Node 1 va Node 2.

Thuat toan xir ly trén Node

Luu d6 thuit todn xu Iy trén Node dugc trinh bay &
Hinh 7. Cacbudc xay dung thuit todn xii Iy trén Node
nhu sau:
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Hinh 4: So dé khéi ciia Node.

Hinh 5: Mach thuc t& ctia Node 1.

Hinh 6: Mach thuc té ctia Node 2.
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Budc 1: Khoi tao va cdu hinh ham setup(): khdi tao
UART, cdu hinh chan tin hiéu, khdi tao ngat timer 5s.
Buge 2: Xay dung ham luu chudi di liéu Data_str
(), dinh dang chubi dit liéu gom: [NodelD, nhiét do
khéng khi, d6 4m khong khi, d6 dm dit |

Bu6e 3 : Xay dung ham Nodel() va Node2() d€ doc
gid tri clia cdc cam bién va truyén chudi di liéu gém
gid tri clia cac cam bién da doc dugc dén Gateway.

R
Thu thap dtr liéu
tor cam bién
~—
Lwu di¥ liéu vao
chuoi dif ligu da
dinh dang

\f/

Truyén di liéu cdm
bién dén Gateway
moi 5s mét lan

Hinh 7: Luu d6 thuat toan Node.

Tram thu thap dit liéu (Gateway)

Gateway c6 chic ndng thu thap dia liéu tu
cac Node va dong thoi truyén 1én Cloud Server.
Phan cting ctia Gateway gom: module thu phat LoRa
SX1278, board mach diéu khién (NodeMCU) cé tich
hop module két néi mang WiFi (ESP8266). Gateway
thuong dugc dit tai mot vi tri ¢ ngudn cung cdp
va ¢ cac két néi mang nhu WiFi /LAN d€ c6 thé
truyén di liéu 1én Cloud Server. Tuy vao loai module
thu phat LoRa thi khodng cach truyén gita Node
va Gateway c6 thé1én dén hang km.

Thiét ké mach giao ti€p Gateway

So d6 khéi mach giao tiép ctia Gateway dugc trinh bay
trong Hinh 8. Mach thuc té€ ctia Gateway dugc trinh
bay nhu trong Hinh 9.

Thuat toan xu ly trén Gateway

Luu d6 thuat todn xu ly trén Gateway dugc trinh bay
trong Hinh 10. Cac budc xay dung thuat toan xu ly
trén Gateway nhu sau:

5 < Bo mach diéu khién Module thu phit RE
Neuon cung cip NodeMCU ESP8266 LoRa SX1278

Hinh 8: So dé khdi mach giao tiép ciia Gateway.

Hinh 9: Mach thuc té cia Gateway.

Budc 1: Khoi tao va cdu hinh ham setup(): khai tao
UART, c4u hinh chén tin hiéu, c4u hinh Blynk.begin
(auth, ssid, pass) d€ két n6i dén Blynk Server, cdu hinh
goi ham senddata sau méi gidy : timer.setInterval
(1000L, senddata).

Bue 2: Xay dung ham senddata () d€ truyén lén
Cloud Server (Blynk Server) cac gid triciia cam bién
ti Node gui dén.

Budc 3: Xay dyng ham loop(): Phan tich chubi va
khoi phuc lai céc gia tri nhan dugc.

Budc 4: Kiém tra NodeID (0: Nodel; 1: Node2)
trong chudi dii liéu da nhan, néu dung Nodel hoic
Node2 thi luu dii liéu vao céu tric ctia Node tuong
tng. Truyén dii liéu 1én Blynk Server méi 1s mét lan.

Trung tam dit liéu (Cloud Server)

Cloud Server c6 chiic ning nhin cac goi di liéu tu
Gateway truyén 1én va di liéu dugc luu tri vao co
s& dit liéu trén Cloud Server. Thong qua ting dung
(App) trén dién thoai thong minh thi ngudi dung cé
thé gidm sat nhiing dit liéu da luu tri trén Cloud
Server. O day chiing toi sit dung Cloud Server dugc
hé trg trén Internet d6 1a Blynk. Blynk la mot nén
tang Ging dung trén dién thoai thong minh dugc thiét
ké chay trén nén Android va iOS. Blynk cho phép két
ndi véi cdc bo mach thong dung nhu : Arduino, Rasp-
berry, NodeMCU ESP8266, ... H¢ thong Blynk bao
g6m cac thanh phan nhu sau'!:

- Blynk App: cho phép tao cic giao dién tit Widget c6
sdn trén Blynk App dugc cai dat trén dién thoai thong
minh.
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Nhan chudi di¥ ligu
tor Node gUi dén

Phan tich chuéi va
khéi phuc lai cac
gia tri nhan duoc

Truyén dif ligu l&n
Cloud Server méi
1s mét lan

Hinh 10: Luu d6 thuat toan Gateway.

- Blynk Server: truyén tai thong tin gitia dién thoai
thong minh va bo mach diéu khién.

- Blynk Libraries: thu vién cung cp két n6i phan cting
v6i Blynk Server.

Ung dung trén dién thoai théng minh
(Blynk App)

Ung dung ngudi dung trén dién thoai thong minh st
dung Blynk App dugc trinh bay nhu trong Hinh 11.
Ung dung nay gém ba giao dién:

- Giao dién Home: hién thij cc théng tin chung nhu
: ngay, gid, chiic nang gtii thdong bao (Notification)
va chiic néng gtii email cho nguoi ding.

- Giao dién Node 1: hién thi cic di liéu moi truong
ma Node 1 thu thip dugc gobm: nhiét do khong khi,
d6 dm khong khi, d6 4m dét, bi€u d6 hién thi gid tri
dii liéu moi  trudng.

- Giao dién Node 2: hién thij céc dit liéu moi trudng
ma Node 2 thu thap dugc gom: nhiét d6 khong khi,
d6 4m khong khi, biéu d6 hién thi gid tri di liéu moi
trudng.

KET QUA VA THAO LUAN

Xay dung md hinh mang cam bién cho viéc kiém tra
hoat dong thuyc t€ gébm: 02 Node, 01 Gateway, 01
Cloud Server (Blynk Server) va App trén dién thoai
thong minh. Hinh 12 trinh bay m6 hinh mang cam
bién cho viéc kiém tra hoat dong thuc té.
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(a) (b) (©)

Hinh 11: Ung dung trén dién thoai thong minh.
(a) Giao dién Home (b) Giao dién Node 1 (c) Giao
dién Node 2

Hinh 12: Mé hinh mang cam bién cho viéc kiém
tra hoat dong thuc té.

Kiém tra viéc truyén di liéu

Thuyc hién viéc truyén di liéu gitia cdc LoRa Node dén
LoRa Gateway va tii LoRa Gateway dén LoRa Server
tai hai khu vuc.

Thuc hién viéc thiét 1ap cdu hinh cac thong s6 truyén
thong cho LoRa Node va LoRa Gateway dugc trinh
bay nhu trong Bang 3.

Kiém tra & khu vuc 1

Ldp ddt mé hinh

LoRa gateway ddt tai 1du 3, day E, Trudng DPH Khoa
hoc Ty nhién. Node 1 dit tai s6 220 Nguyén Trai
(khoang cach dén LoRa gateway khoang 500 m).
Node 2 dat tai s6 20 Ly Thai T6 (khoang cidch dén LoRa
gateway khodng 500 m). So d6 thtt nghiém truyén di
liéu ¢ khu vyc 1 dugc trinh bay trong Hinh 13.

Drrong Dyt Hoc KHTN

Q ouong Nguyin Trai

-

Hinh 13: So d6 thi nghiém truyén dit liéu & khu
vuc 1.

Thu thép di liéu: cho hai node hoat dong dong thoi
cung truyén di liéu dén Gateway, sau d6 dii liéu dugc
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Bang 3: Thiét 1ap cau hinh cic théng sé truyén théng cho Node va Gateway

T4n s6 T6c d6 truyén (Airdata  Téc d6 baud (Baud
rate) rate)
433 MHz 2,4 Kbps 9600

Céu hinh UART Cong suét truyén (Trans-

mitting power)

8 bit Data, 1 Stop bit,
None Parity bit

100 mW

Gateway xu ly va truyén 1én Cloud server. Thoi gian
thuc hién thu thép di liéu ti 14 gié dén 14 gid 30 va
ti 18 gid dén 18 gio¢ 30, cd mdi 15 phut 14y di liéu
mot 1an. Di liéu thu thap tit hai Node dugc trinh bay
3 Bang 4.

Kiém tra & khu vuc 2

Ldp ddt mé hinh

LoRa gateway dit tai Cdu Ong Linh. Node 1 dit tai
vi tri tai cAu Nguyén Van Cii (khoang cach dén LoRa
gateway 1a 1.700 m). Node 2 dit tai cdu Khanh Hoi
(khoang cach dén LoRa gateway 1a 1.200 m). So do
thtt nghiém truyén di liéu 6 khu vuc 2 dugc trinh bay
trong Hinh 14.

Q Ciu Ong Lanh
S e In
0@«‘ . Jgoo'"

° Céu Nguyén Vin Cir

EET1Y

Hinh 14: So @b thi nghiém truyén dif liéu & khu
vuc 2.

Thu thép dii liéu : cho hai node hoat dong dong thoi
cung truyén dii liéu dén Gateway, sau do dii liéu dugc
Gateway xt ly va truyén 1én Cloud Server. Thoi gian
thuc hién thu thép di liéu ti 10 gio 30 dén 11 gio va
ti 18 git dén 18 gi¢ 30, cd mébi 15 phut 14y di liéu
mot 1an. Dii liéu thu thap ti hai Node dugc trinh bay
6 Bang 5.

Cong suat tiéu thu

Cong suit tiéu thu ctia Node gém cong suit tiéu
thu cia module LoRa SX1278 ( E32-TTL-100), board
mach diéu khién Arduino Uno va cdc cam bién. Trong
d6 cong sudt tiéu thu ctia module LoRa SX1278 & cac
ché d6 hoat dong (mode) dugc xdc dinh nhu trong
Bang 6.

- Mode truyén: dong dién tai thoi diém truyén c6 thé
cao, nhung téng cong sudt tiéu thy cé thé thip hon
do thoi gian truyén rit ngn (cong suét truyén trong
khodang tii 230 mW dén 624 mW). Khi st dung ang

-ten ngoai, sy phéi hgp tré khang tai cac tan s6 khac
nhau gitta dng-ten va mo-dun c6 thé anh hudng dén
gid tri dong dién truyén & cac mic khac nhau.

- Mode nhén: dong dién tiéu thu khi chip RF chi hoat
dong & ché d6 nhan. Dong dién & ché do nhén thuong
thip & mic tii 13 mA dén 15 mA.

- Mode turn-off: dong dién tiéu thy khi CPU, RAM,
Clock va mot s6 thanh ghi van hoat dong trong khi
SoC 6 trang thai tiéu thu dién ning rét thdp. Dong
dién & ché do turn-off thudng thip & muc tii 3 uA
dén 5 uA.

Cong sudt tiéu thu ctia Node khi hoat dong dugc trinh
bay tuong ting trong Bang 7.

Nhdn xét ddnh gid két qua hoat déng ciia mé
hinh

Khu vuc 1 ¢6 nhiéu vat can (tdoa nha, cong trinh, ciy
xanh) nén khoang cach truyén bi han ché. Khu vuc
2 ¢6 it vat can hon nén khodang cach truyén dugc xa
hon. Trén thyc té, dit liéu truyén di anh hudng béi
nhiéu yéu t6 nhu : cong suit phat song, d6 lgi ang-
ten, vét can lam suy hao do tin hiéu dudng truyén
(toa nha, céy cdi, cdng trinh...), do nhay cta thiét bi
thu, thoi tiét, moi trudng cé séng dién tii... Do anh
hudng ctia cic yéu t6 nhu trén thi d6i véi module
thu phéat LoRa véi khoang cach ly thuyét 1a 3.000m,
khi st dung truyén di liéu trong khu vuyc do thi, thi
khoang khodang cach t6i vu 1a ti 1.500m dén 1.700m.
Két qua thtt nghiém cho thy hé théng hoat dong 6n
dinh, di liéu dugc cap nhat lién tuc 1én LoRa Server
va ngudi dung c6 thé gidm st dugc cac dii liéu nhanh
chéng. Bén canh vu diém vé€ khoang cach truyén di
liéu xa thi cong sudt tiéu thu thdp ciing 1a théng s6
quan trong trong cac module thu phat LoRa. Déi véi
m odule LoRa SX1278 c6 cong sudt tiéu thu thap hon
s0 v6i cdc module khong day khac nhu: WiFi, GPRS,
... diéu nay giup cho cac node hoat dong trong thoi
gian lau hon véi cing dung lugng pin.

Thi nghiém mé hinh mang cdm bién trong
nha mang Aquaponics

M6 hinh mang cam bién nay dugc thi nghiém
trong nha mang tai trang trai trong rau thlly canh
(Aquaponics) thugc Trung tim Nghién ctiu Ung dung
cdng nghé cao trong Nong nghiép (RCHAA), Trudng
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Bang 4: Dt liéu thu thap dugc tir hai Node - khu vuc 1

Théi gian (hh:mm) Dii liéu Node 1

Nhiét d6 (° C)

b6 dm (%)

Dii liéu Node 2

Nhiét do (° C) b6 dm (%)

14h00 37,7 40,2 37,3 40,5
14h15 38 40,5 37,2 39,5
14h30 38,1 40 37,6 40
18h00 27,8 70,6 28 74
18h15 29 68 29,3 74,3
18h30 29,5 67 28,6 74,1
Bang 5: Dt liéu thu thap dugc tir hai Node - khu vuc 2
Thoi gian (hh:mm) Dii liéu Node 1 Dit liéu Node 2
Nhiét d6 (°C) Do dm (%) Nhiét d6 (°C) b6 dm (%)
10h30 34 49,3 33,5 55
10h45 34,2 49 33,7 54,5
11h00 34,5 48 34 54
18h00 27,7 70,2 28,3 75
18h15 28 69,5 29,2 74,4
18h30 29,1 69 28,6 74
Bang 6: Cong suat ctia module Lora SX1278 (E32-TTL-100) & cac ché do '2
Mode Dong dién va dién dp nguén Cong sudt
Min Typ Max Don vi Min Typ Max Don vi
Truyén 100 110 120 mA 230 363 624 mW
(Transmit-
ting)
Nhin  (Re- 13 14 15 mA 29,9 46,2 78 mW
ceiving)
Turn-off 3 4 5 uA 6,9 132 26 uWw
Dién ap 2,3 33 5%
nguon

Dai hoc Khoa hoc Ty nhién, PHQG-HCM dé€ thu
thép cac dii liéu moi trudng nhu: nhiét do khong khi
va d6 4m khong khi. Phuong phép thuyc hién gom céc
budc: 1ap dit mo hinh, thu thap diliéu, nhin xét ddnh
gid két qua hoat dong ciia mo hinh.

Ldp dét mé hinh

M5 hinh mang cdm bién dugc lap dat thi nghiém gém
02 Node va 01 Gateway dét tai cac vi tri nhu trong
Hinh 15. Trong d6 Node 1 dugc dit ngay trén mang
trong cai xa lach, dé thu thap di liéu nhiét do khong
khi va d6 4m khong khi, k hoang cach tit Node 1 dén
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Gateway l1a 40m. Node 2 dugc dat ngay trén bé trong
rau thom, d€ thu thap dii liéu nhiét do khong khiva do
dm khong khi, k hoang cach tii Node 2 dén Gateway
la 50m. Gateway dugc dit tai vi tri bé nudi cd & gitta
nha mang, dugc két ndi vao mang Internet thong qua
két n6i WiFi. Dién thoai théng minh : két néi vao
mang Internet thong qua két néi 3G va st dung tGing
dung ngudi dung (Blynk App) dé thu thap di liéu tu
cac Node.

Thu thap di liéu: cho hai node hoat dong dong thoi
cung truyén di liéu dén Gateway, sau d6 di liéu dugc

Gateway xU ly va truyén lén Cloud server. Thoi gian
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Bang 7: Céng suat tiéu thu ctia Node khi hoat dong

Tén thiét bi S6 lugng Thong s6 Cong sudt tiéu thu toi da
Board mach diéu khién 01 - Dién 4p: 5 VDC 1,4 W
(Board Arduino) - Mbi chén tin hiéu ra trén Arduino t6i
dala 20 mA => 14 chan x 20 mA = 280
mA
Module Lora SX1278 01 - Dién dp nguon: max = 5,2 VDC 624 mW
- Mode truyén : max=120 mA 78 mW
- Mode nhan : max=15 mA 26 UW
- Mode turn-off: max=5 uA
Cam bién nhiét do va do6 01 - bién ap: 5 VDC 12,5 mW
4m khong khi (DHT22) - Dong dién t6i da khi truyén di liéu :
2,5 mA
Cam bién do 4m dat 01 -Piénép: 5VDC-DongdiéntSidakhi 50 mW
truyén dit liéu : 10 mA
Tong cong - Mode truyén: ~2,1 W
- Mode nhéan: ~1,54 W
- Mode turn-off: ~14W

Hinh 15: Thit nghiém thuc té€ tai hai vi tri node
trong nha mang aquaponics.

thuc hién thu thép di liéu ti 9 gi¢ sang dén 11 gio
trua, ct mdi 15 phut ldy dit liéu mot 1an. Két qua thu
thép dit liéu phén b nhiét do va do 4m khong khi &
hai node dugc trinh bay tuong ting trong Hinh 16 va
Hinh 17.

35
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Hinh 16: Phan bé nhiét d6 khéng khi (°C).
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Hinh 17: Phan bé d6 am khong khi (%).

Nhdn xét ddnh gid két qua hoat déng ciia mé
hinh

Qua qua trinh thti nghiém cho thdy m6 hinh mang
cam bién hoat ddng dn dinh khong xay ra hién tugng
mat két ndi, khodng cach truyén gitia node va gateway
trong nha mang 13 40m - 50m. Cac dii liéu dugc thu
thép lién tyc tit hai node mang va hién thi di liéu 1én
ung dung nguoi dung trén dién thoai thong minh. Két
qua cho thdy trong khoang thoi gian tit 9 gic dén 11
gio thi ¢ vi tri d4t Node 1 nhiét d6 thay déi gén 3 °C
(tt1 31,9 °C - 34,4 °C), coOn & vi tri dat Node 2 thi nhiét
do thay déi 1,5 °C (it 32,1 °C - 33,6 °C) va d0 4m &
vi tri Node 2 cao hon 6 vi tri Node 1. Gia tri d0 dm
& hai node thay d6i khong tuyén tinh so véi sy thay
d6i ctia nhiét d¢, tai mot vai thoi diém gia tri do 4m
bi sai léch, nguyén do loai cam bién st dung d€ do
nhiét 9, d6 &m c6 do chinh xdc chua cao. Tuy nhién
d0 sai léch nay ciing khong dang ké trong moi trudng
nha mang aquaponics. Ngoai chiic ning thu thap di
liéu thi trong m6 hinh mang cam bién nay con cho
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phép gtii canh bao dén nguoi dung khi gid tri nhiét do,
d6 dm vugt ngudng cho phép, thong qua chiic ning
thong bao (Notification) va chiic nang Email trén ting
dung trén dién thoai thong minh.

KET LUAN

M6 hinh mang cam bién khong day dugc xay dung
02 ndt mang (Node), 01 tram thu thip dit
liéu (Gateway), 01 trung tdm dii liéu (Cloud Server
sti dung Blynk Server) va ting dung trén dién thoai
théng minh dé thu thap dit liéu (Blynk App). M6 hinh
mang cam bién di dugc kiém tra viéc truyén nhén di

gém :

diéu tai hai khu vuc : khu viic 1 ¢6 nhiéu vat can (toa
nha, cong trinh, ciy xanh) nén khoang cach truyén
bi han ché khoang 500m va khu vuc 2 c6 it vat can
hon nén khoang céch truyén dugc xa hon tii 1.200m
dén 1.700m. Két qua thi nghiém cho thdy hé thong
hoat dong 6n dinh, di liéu dugc cap nhit lién tuc 1én
LoRa Server, khong xay ra trudng hgp mat goi dit liéu.
Xac dinh dugc cong sudt tiéu thu cia Node & ba ché
do hoat dong goém: truyén, nhan va turn-off. Qua dé
cho thédy dugc vu diém ctia cong nghé LoRa trong viéc
phat trién mang cam bién khong day do la khoang
canh truyén dii liéu xa va cong sudt tiéu thy thép.
Bén canh d6 mé hinh mang cam bién nay cting dugc
kiém tra hoat dong thuc té trong nha mang tai trang
trai trong rau thay canh thudc Trung tim RCHAA,
két qua kiém tra cho thdy hé théng hoat dong 6n
dinh, dii liéu dugc cap nhat lién tuc Ién Cloud Server
va ngudi dung c6 thé thu thap va gidm sat dugc cac
dii liéu nhanh chéng. Mang cim bién khong day nay
cho phép ngudi nong dan c6 thé thu thép dugc cac
di liéu nhu nhiét d¢ khong khi, d6 &m khong khi,
d6 4m dat, ngoai ra nit mang dugc thiét ké theo ciu
trac m& cho phép két néi véi céc loai cam bién khéc.
Mang cam bién nay c6 thé dugc ting dung trong linh
viic néng nghiép cong nghé cao nhu: trang trai trong
céy thay canh (aquaponics), trang trai tréng rau sach,
trang trai nudi trong thuy san... V6i mé hinh mang
nay co6 thé gép phan vao viéc ting dung cong nghé
hién dai (cong nghé 4.0) vao phat trién nong nghiép
xanh bén viing.

LOI CAM ON

Nghién ctiu dugc tai trg boi Trudng Dai hoc Khoa
hoc Ty nhién, PHQG-HCM trong khudn khd Dé tai
ma sd T2018-36.

DANH MUC CAC TU VIET TAT

RCHAA: Trung tim Nghién ctiu Ung dung cong nghé
cao trong Nong nghiép (Research Center for High-
tech Application in Agriculture)
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WSN: Mang cam bién khong diy (Wireless Sensor
Network)

IoT: Internet van vét (Internet of Things)

LoRa: V0 tuyén tdm xa (Long Range Radio)
LoRaWAN: Mang dién rong v6 tuyén tdm xa (Long
Range Radio Wide Area Network)

IEEE: Vién Ky su Dién va Dién ti (Institute of Elec-
trical and Electronics Engineers)

CSS: Trai phd chirp (Chirp Spread Spectrum)

BW: Bing thong (Bandwidth)

SF: hé s6 lan truyén (Spreading Factor)

CR: ti I¢ ma hoa (Code Rate)

LAN: Mang cu bd (Local Area Network)

UART: B9 truyén nhan néi tiép bat dong bd (Univer-
sal Asynchronous Receiver-Transmitter)

CPU: B) xti ly trung tdm (Central Processing Unit)
RAM: B nhé truy xuét ngau nhién (Random Access
Memory)

GPRS: Dich vu v6 tuyén géi téng hgp (General Packet
Radio Service)

SMS: Dich vu tin nhin ngan (Short Message Services)

XUNG POT LOI iCH

Céc tac gia cam két khong c6 bat ky xung dot 1oi ich
nao trong céng bé bai béo.

PONG GOP CUA TAC GIA

- Nguyén Chi Nhan: nghién ctiu cong nghé LoRa, dé
xudt va thiét k€ cac thanh phan trong mang cam bién,
kiém tra viéc truyén dit liéu, soan ban thao va hoan
thién ban thao, lién hé phan hdi cac cau hoi va yéu
cau ctia phan bién va ban bién tap tap chi.

- Pham Ngoc Tuén: tham gia x4y dung thuét toan xt
1y va kiém tra viéc truyén di liéu.

- Nguyén Huy Hoang: thti nghiém m6 hinh mang
cam bién trong nha mang Aquaponic, xt ly di liéu.

TAI LIEU THAM KHAO

1. Nikesh Gondchawar, Prof Dr R S Kawitkar. loT based Smart
Agriculture. International Journal of Advanced Research in
Computer and Communication Engineering. 2016;5(6):838-
842. Available from: 10.17148/IJARCCE.2016.56188.

2. Binh Tudn L, Ngoc TD. Xay dung mang cadm bién khéng day
trong néng nghiép chinh xac. Tap chi Khoa hoc Trudng Pai
hoc Can Tho S6 chuyén dé: Céng nghé Thong tin. 2013;p.
115-122.

3. Semtech Corporation. Semtech Corporation. Agriculture and
Food Processing. 2017;.

4. Jawad HM, Nordin R, Gharghan SK, Jawad AM, Ismail M.
Energy-Efficient Wireless Sensor Networks for Precision Agri-
culture: A Review. Sensors. 2017;17:1781. Available from:
10.3390/s17081781,2017.


10.17148/IJARCCE.2016.56188
10.3390/s17081781, 2017

Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu nhién, 3(4):259-270

5. Siddique A, Prabhu B, Chaskar A, Pathak R. A Review On Intel-

ligent Agriculture Service Platform With Lora Based Wireless
Sensor Network. International Research Journal of Engineer-
ing and Technology (IRJET). Feb 2019;06(02).

. Fan C, Ding Q. A novel wireless visual sensor network pro-
tocol based on LoRa modulation. International Journal of
Distributed Sensor Networks. 2018;14(3). Available from: 10.
1177/1550147718765980.

. N Sornin (Semtech), M Luis (Semtech), T Eirich (IBM),T
Kramp(IBM), and O Hersent (Actility). Lora specification. Tech-
nical report, LoRa Alliance, Inc,. Jan 2015;.

. Technical Marketing Workgroup. A technical overview of LoRa
and LoRaWAN. LoRa Alliance. November 2015;.

1.

. Semtech Corporation. LoRa Technology: Ecosystem, Applica-

tions and Benefits. Mobile world live; 2017.

. Augustin A, Yi J, Clausen T, Townsley WM. A Study of LoRa:

Long Range & Low Power Networks for the Internet of Things.
Sensors. 2016;16:1466.

Ermi Media’s, Syufrijal and Muhammad Rif’an. Internet of
Things (IoT): BLYNK Framework for Smart Home. 3rd UNJ Inter-
national Conference on Technical and Vocational Education
and Training. 2018;p. 579-586. KnE Social Science. Available
from: 10.18502/kss.v3i12.4128.

. SX1278 Wireless Module. E32 Series User Manual; 2017.

Available from:  https://img filipeflop.com/files/download/
E32_User+Manual _EN_v1.00.pdf.

269


10.1177/1550147718765980
10.1177/1550147718765980
10.18502/kss.v3i12.4128
https://img.filipeflop.com/files/download/E32_User+Manual_EN_v1.00.pdf
https://img.filipeflop.com/files/download/E32_User+Manual_EN_v1.00.pdf

Science & Technology Development Journal - Natural Sciences, 3(4):259-270
8 Open Access Full Text Article Research Article

A wireless sensor network for high-tech agriculture
Nguyen Chi Nhan'2*, Pham Ngoc Tuan', Nguyen Huy Hoang'

ABSTRACT

This paper presents the design of wireless sensor network (WSN) based on low-power wide area
network technology for high-tech agriculture. This WSN allows the farmer to collect data such as
Use your smartphone to scan this air temperature, air humidity, soil moisture. The WSN system consists of components: 02 wire-
QR code and download this article less sensor nodes, 01 gateway, 01 cloud server and smartphone app. This WSN tested for data
transmission in two zones: zone 1 (dense urban environments) at a distance of 500m and zone 2
(urban environments - less obstacles) at a distance of 1,500m and 1,700m. The data collected at
different times of the day and updated every 15 minutes. The results show that the wireless sensor
network system operates stably, data constantly updated to LoRa Server and there was not data
packet loss. The power consumption of sensor node and gateway determined in three operating
modes: transmitting, receiving, turn-off. This shows the advantages of LoRa technology in the de-
velopment of wireless sensor network which is the distance of data transmission distance and low
power consumption. Besides this WSN also tested in the net house of aquaponics of the Research
Center for High-tech Application in Agriculture (RCHAA), University of Science, Vietnam National
University-HCM. The results show that the WSN system is working reliably and promising which
brings significantly benefits to smart agriculture as aquaponics, clean vegetable farms, aquaculture
farms. ..

Key words: LoRa network, Internet of Things (loT), wireless sensor network, data collection,
high-tech agriculture
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	Trung  tâm dữ liệu (Cloud Server) 
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