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Toém tat

Trong linh vuc ndng nghiép, cac cam bién duoc sir dung dé thu thap cac théng sb quan trong ddi
VGi cay trong nhu nhiét d6 va do 4m trong khong khi, dd am trong dat va cuong do anh sang mat
troi bén trong nha mang. Mot hé thong sir dung nhiéu cam bién va cho phép truyén dir liéu khong
day duoc thiét ké dé theo dai nhiéu thong s méi trudng trong nha mang. Céc dit liéu do dugc tir
cam bién s& duoc xir 1i boi mot may tinh nho Raspberry Pi 3 B+, hoat dong nhu mot trung tim
trung chuyén dir liéu thong qua cac chuan truyén khong day. Truéc khi gai dén mot may chi &
xa, cac dit liéu duoc thu thap tir cam bién s& duoc luu trit trong co s& dir liéu (CSDL) cuc bd va
xtr 1i boi may tinh Raspberry Pi 3 B+ thong qua chuan két ndi WiFi (thudc tiéu chuan IEEE
802.11g, hoat dong & tan sé 2.4GHz), dé giao tiép vai bo dinh tuyén va cac cam bién duoc két
ndi truc tiép vao cac GPIO trén Raspberry Pi. Mot giao dién website ciing duoc thiét ké cho cac
thi nghiém, cho phép hién thi cac dit liéu thu thap duoc bén trong nha mang. Hé thong thiét ké da
g dung va minh chimg cac ki thuat truyén dir liéu c6 day va khong day, cing véi cac cam bién
can thiét c6 thé duoc st dung dé theo dbi cac dir liéu nong nghiép hodc didu khién cac thiét bi
bén trong nha mang, nham hd trg néng dan giam bét ngudn nude tudi tidu, vat tw ndng nghiép,
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cling nhur giam bét strc lao dong ma van dat hiéu qua cao.

® 2019 Journal of Science and Technology - NTTU

1 Gi¢i thiéu

Ngay nay, néng nghiép 1a mot nganh cung cip luong thuc
quan trong ddi véi con ngudi va dugc nhidu nguoi, nhidu
qudc gia quan tim. D3 co nhiéu cong nghé khong day va co
day duoc tng dung cho cac hé thong giam sat moi truong
trong néng nghiép, cho dén cac tng dung k§y thuat theo doi
chat lwong lwong thuc, thuc phim dugc phat trién trong siéu
thi, nganh tu dong héa va van chuyén. Cac hé thong nay sir
dung cong nghé Radio Frequency Identify (RFID) dé thu
thap thong tin vé chét luong thuc pham[1,2] va c6 thé dua ra
céc canh bao cho ngudi ding biét va tranh ngd doc thyc
pham[3,4]. Bic biét, sy ra doi ciia cac cong nghé truyén dan
v tuyén nhu RFID, WiFi, Zigbee-Z Wave, LorawWan[5-7]
da mo rong su da dang trong cac ung dung thu thap va theo
ddi dit liéu theo thoi gian thyc tir xa hodc diéu khién cac thiét
bi tai & xa[8]. Viéc chon lya cac cong nghé trén tuy thudc
vao yéu cau va muyc dinh sir dung cua nguoi ding[9,10, 11,
12]. Nhin chung, cac cong nghé trén cha yéu dya vao hai yéu
t6 chinh 1 khoang cach va tbc do truyén dit lidu.

https:.//doi.org/10.55401/tpccj811

C6 nhiéu yéu t6 bén trong anh huong, lién quan dén moi
truong cia nha mang nhu do pH, d6 dan dién, khi carbon
dioxide, khi oxy, khong khi, nhiét d6 va do am.

Trong do, nhiét do, do am khong khi va cuong do anh sang
mat troi 1a nhitng yéu t6 quan trong va tac dong 1én qua
trinh sinh truéng cua cay trong[3]. Trong nhimng nim gan
day, cac nit cam bién ¢ng dung coéng nghé truyén dir liéu
khong day dwogc thiét ké va nhanh chong phat trién véi do
6n dinh cao, gia thanh thap, c6 thé ghi lai cac thong tin ctia
cdy trong va cho phép mot s6 cam bién tiéu ton cong sut
thip dugc thém vao nhu cam bién nhiét do, cam bién ap
suit dé do nhiét do bén trong moi trudong cay trong phat
trién[5]. Hon nita, cam bién khong day thuan tién hon viéc
sir dung két ndi c6 day rat nhidu vi két ndi c6 day c6 khoang
cach bi gigi han do tinh chat din dién cua céac loai cap
truyén thong tin. Tly thudc vao thudc tinh va yéu cau cia
ng dung s& c6 cac tiéu chuan khac nhau cho pham vi
truyén thong khong day va tdc do truyén dir liéu. Trong
nghién ctru nay, ching t6i thiét ké truyén dir lidu theo tiéu
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chuan IEEE 802.11g véi téc d6 dit lidu cao va khoang cach
truyén dap ing dugc yéu cau trong khoang vai chuc mét va
chung duoc s dung rong rii ¢ tan sb 2,4GHz[6] trong
khi[7] c6 thé giao tiép ¢ khoang cach 16n hon va hoat dong
& dai tan s6 siéu cao (UHF), chiang han nhu tan s6 cua hé
thdng tin nhin toan cau cho truyén thong di dong (GSM)
900MHz dén 915MHz. Nguoc lai, khoang cach cua cong
nghé RFID la khong du cho cac thg dung cua nha mang va
GSM c6 thé giai quyét tat ca cac vin dé véi mot khu vuc
I6n khoang vai kilomet, nhung n6 1a qua xa di véi yéu cau
cho nha mang. Véi céc tinh niang dugc chi ra & phan trén,
WiFi s& 1a mot k§ thuat truyén din va dugc lya chon phu
hop nhét dé theo ddi cac yéu té moi truong va diéu khién
cac thiét bi bén trong ciia nha mang.

2 Thiét ké hé théng

Céu trac cua hé thong da thiét ké co thé duoc chia thanh ba
phan chinh. Khdi giao tiép cam bién (Sensor interface) c6

Actuators interface

_ Microcontroller
Web interface _— Unit

Wire connection

2.1 Cac loai cam bién

C6 ba loai cam bién dugc sir dung dé thir nghiém trong mé
hinh. Ching c6 thé do dwoc bon thong s nhur da gidi thigu
& trén, bao gdm cam bién DS18B20, cam bién AM2315 va
cam bién BH1750. Mot mach in dwoc thiét ké dé két ndi tat
ca cac cam bién vgi MCU. Mot yéu cau co ban khi thiét ké
hé thong 1a kha ning mé rong twong thich va dé giam thiéu
sy can thiép sau lién quan dén ki thuat chuyén mon cua ngudoi
dung cho ca phan cimg va phan mém giao dién (web). Dé dat
dugc diéu nay, cac cam bién hodc bang mach cam bién phai
dugc xac dinh truée cho hé thdng theo mot cach nao do.
Phuong phap nay cho phép nhiéu tiry chon hon. Xem nhu da
¢6 bang cam bién, co chtra nhiéu cam bién hon bén trong
bang mach in. Bang diéu khién (website) co cau tric cu thé
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chire ning két ndi cua cac cam bién véi khéi Vi diéu khién
(Microcontroller Unit). Khdi vi diéu khién (MCU) 1a khdi xir
li chinh trong hé théng, cac ma ngudn duogc lap trinh trudc
bén trong va dugc tich hop mét co so dit liéu nén tang CSDL
MySql dugc cai dit trude va cho phép didu khién qua giao
dién website dugc diéu khién bai nén tang trung tim Apache
2.0 giao tiép website truy xuat dir liéu va cho phép ghi/xéa
dir lidu. N6 quyét dinh hiéu suét thiét bi, kha ning mé rong,
giao tiép v6i cam bién, kiém soat tat ca cac bo truyén dong
vano cling dat gigi han ¢ do phirc tap ctia chuong trinh. Giao
dién trang website (web interface) cho phép ngudi dung st
dung hé thong va xem tit ca cac két qua duoc do dat tir cam
bién. Cac cam bién (sensor 1, sensor 2... sensor n) 1 cac cam
bién vi khi hau duoc chon lya dé két ndi vao hé thdng thong
qua cac chuan két néi thong dung nhu I12C, Analogue to
digital (ADC), 1-Wire. Cac thanh phan chinh cua hé thong
¢6 thé duoc trinh bay trong Hinh 1.

12C, 1-Wire,
smBus,
ADC

st SENSOI 2

SN Sensorn

micro SD
card

Sensor interface

Wireless connection

Hinh 1 So db khéi cua hé théng thu thap dir lisu

va két ndi véi bo mach chu duya trén giao dién dugc thiét ké
trén céc tiéu chuan phd bién hién nay cho két ndi c6 day tiéu
chuan nhu 12C va twong tu V&i chuyén doi ki thuat sb (ADC),
1-day (One-wire). Do chi ¢6 mot vi diéu khién chinh nén s&
dé& dang hon, boi vi chi phai viét mot chuong trinh dé giao
tiép Vi cac cam bién va xir i cac tac vu theo yéu cau. Van
dé s& kho khin hon néu sir dung nhiéu MCU két n6i véi nhau,
doi hoi cac ki thuat giao tiép giita cac vi diéu khién. Do do,
nghién ctru nay, s€ chon Raspberry Pi 3 B+ (RPi3) véi 2GB
RAM, 16GB bo nhd hé didu hanh va chuong trinh dé thiét
ké hé thng thu thap dir liéu méi truong trong nha mang. Bén
dudi 1a cac thong sb vé cac cam bién da trién khai trong
nghién ctru va dugce trinh bay trong Bang 1.
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Bang 1 Cac thong s k¥ thuat ciia cam bién AM2315 va cam bién DS18B20

Mo ta AM2315 DS18B20
Pham vi do 0°C -100°C, 10%- -550C to 125°C
90%
D6 chinh xac +2% ,+1°C +0.5 °C over range (-10°C to 85°C)
Nhiét d6 hoat déng 0°C - 80°C, 0%-90% -559C -125°C
Dién ap cung cap 3.3-5.0vDC 3.0-5.5vDC
Thoi gian dap tng <100ms <750ms
Chuan két néi 12C 1-Wire Interface
Kich thuéc 16mm x 98mm 3 pins

Viéc két ndi cac cam bién véi MCU c¢6 thé duoc thuc hién
VGi cac chuan truyén thong két ndi c6 day. Trong hé thong,
céc cam bién sir dung cac chuan truyén thong 12C (AM2315,
BH1750) va 1-Wire (DS18B20). Céc dit lidu do dat dwoc tir
cam bién s& duoc vi diéu khién doc vao bo nhé tam va luu
trir trong CSDL MySQL. Tung loai cam bién s& hoat dong

Béang 2 The comparison of wireless communication technology

nhu mét hé théng riéng biét khi giao tiép voi MCU va céc
cam bién c6 thé duoc thay thé boi nguoi sir dung mot cach
dé dang thong qua cac dau ndi xoin c. Trong Bang 2 mo ta
cac ddc diém chinh cua cac chuan két ndi khong day duoc
trng dung rong rai hién nay.

Phamvi | rc a6 dir
Tén goi Diy tan sé truyén liau K¥ thuat ma héa Ung dung
thong :
. DSSS, Nong nghiép, nha
Zighee 2.4GHz <1.6Km <250kbps CSMAJ/CA thong minh
GSM850MHz,
GSM900MHz Depend on TCP/UDP, Internet, Vice, SMS,
GSM DCS1800MHz or network <85.6kpbs HTTP Nong nghiép
PCS1900MHz
Bluetooth 2.4GHz <90m <1Mbps FHSS Tu dong héa, nha
thong minh
e DSSS/CCK, Video, thanh phé thong
Wifi 2.4GHz <45m <1-100Mbps ORDN minh, nong nghiép
433MHz A
Lora 868MHz or <10km <19.7kbps OOKI/FSK n P n g .
ndng nghiép, nha thong
915 MHz minh

Céc chuan két nbi khong day nay rat quan trong, do no sé
lam ting kha ning sir dung cua cac cam bién, cac thiét bi ma
khong bi gisi han v& mat dia 1i, khong gian, nhung s& lam
tang chi phi san xuit. Vi vay, phai thiét ké lai tat ca cac két
ndi nay theo yéu cau cua hé thong, st dung cac dinh dang di
liéu phai chat chg, theo cach cu thé nao d6 dé tuong thich véi
giao dién phan mém web va c6 thé sir dung ma rong véi cac

hé thong khac. Mot bang mach in diéu khién thir hai (Hinh
2) duoc thiét ké dé két ndi voi tat ca cac thiét bi truyén dong
nhu bom mini hodc mét sé ro-le. Ngudi dung c6 thé d& dang
didu khién va nhan biét trang thai cac thiét bi diéu khién nay
dang hoat dong dua trén cac mau séc trén giao dién cua phan
mém.
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2.2 Phan mém giao dién nguoi dung

Mot giao dién website ciu truc giao dién don gian va d& s
dung duoc thiét ké dé dé tuong tic véi nguoi dung. Trong
qué trinh phét trién, chiing t6i cam on cac tac gia va mot s6
trang web [10, 11] da huéng dan chiing t6i hoan thanh {rng
dung nay. Ngoai ra, n6 ¢ thé dwoc sir dung dé hién thj thu
thap va luu trit trong CSDL MySql. Ngudi dung c6 thé diéu
khién thiét bi chip hanh nhu may bom, dong co thong gio,
may phun suong thong qua mot CSDL cuc bd va cdc ma
nguodn duoc lap trinh bang ngdn ngir Python 2.7. Khi phan
mém khai dong, n6 khai bao cac bién toan cau, nhap cac thu
vién cua cac cong GPIO dé giao tiép véi RPi3 B+; kiém tra
tat ca cac bang co so dir lidu da khoi tao véi cac bién chira
céc thong sb da thiét lap; xac dinh cac ham chirc ning cua hé
thong; kiém tra cac cam bién dugc két ndi vao hé théng. Vi
diéu khién co thé truy cap CSDL thong qua cac dich vu cua
bo xir 1i RPi3 B+, b diéu khién Apache 2.0 va cac gia tri
dugc khai bao, n6 dugc xac dinh béi mot ban ghi cac bang
lién két phuee tap bén trong CSDL tity chinh. Khi gan céc bién
gan céc gia tri trong phan mém khai tao, cac két ndi cam bién
san sang, cac GPIO ngoai viéc khoi dong g 16i co ban, cho
phép g& 13i cua nguoi ding, khi bd cam bién bi 16i trong khi
khai chay 1an dau. RPi3 B+ chiu trach nhiém doc dit liéu cam
bién va xuét ra cic canh bao cho ngudi dung. Dir liéu dugc
luu trl trong co s& dix liéu sau khi kiém tra va xu 1i. Vi vay,
chiing t6i co thé d& dang tiép can bét ki noi nao dé liy két
qua dit liéu do duoc tir nhiéu loai cam bién.

Tuy thudc vao ciu hinh ctia cam bién c6 thé hién thi dir liéu
tir nhidu cam bién cing mot luc, nhung diéu nay c6 thé dwoc
ma& rong vai nhidu cam bién. Sau khi dir liéu doc duoc thyc
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Hinh 2 Bang mach in két ndi va diéu khién cac thiét bi
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hién, cac su kién dang dién ra tiy thuc vao mi ngudn da lap
trinh trudc d6. Néu tai phan tiép theo khong c6 bat ki 156i nao
va gia tri ciia cam bién Ién hon 0, dir lidu do duoc s& duoc
luru, thiét bi s& ¢d gang thyuc hién luu dir liéu vao bang bén
trong CSDL MySgl véi tén '"sensors" va bang
“relay_num_timer”. Néu c6 su ¢b Véi co so dir lieu hodc
khong thé khoi dong trong hé thdng, thong bao 13i s& duoc
tao dé canh bao ngudi dung va khéi dong lai toan hé thdng.
V6i co sé dit liéu dang hoat dong, thiét bi s& ty dong tao cau
trac thu muyc va viéc thu thap dir liéu bat dau vao tép tin
“config.json” bang cach st dung céu trac tép dugc xac dinh.
Céu trac nay tao diéu kién d& dang va chuén héa cho viéc xu
1i tiép trén cac thiét bi khac.

3 Két qua thuc nghiém va thao luan

Tiép theo, nghién ciru nay s& trinh bai cac thyc hién voi hé
thong duoc thiét ké va ghi lai dir lidu do dugc trong mot tuan
khong lién tuc véi khoang thoi gian thu thip mau khoang 30
giay trong diéu kién nhiét do phong va giao dién dugc dé
xuit nhu thé hién trén Hinh 3 va Hinh 4. Két qua do dugc
clia cac cam bién bén trong phong da dugc ghi lai va hién thi
1én cac biéu do trong Hinh 4 thé hién su thay d6i nhiét do
trong ngdy ma cac cam bién da do duoc tir diéu kién moi
truong bén ngoai. Trong khi thong s nhiét do moi trudng cd
déu hiéu dao dong quanh gia tri 25°C (duogc thir nghiém bén
trong cin phong nho 25m?). Cac giao tiép voi cac loai cam
bién con lai ciing twong tu cia cac cam bién khac ciing duoc
hién thi trén phﬁn mém. Céc két qua do duoc thé hién trong
Hinh 3.
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Danh Sach Céc Cam Bién

Nhiét @6 nwéc(DS18B20)

Nhiét @6 khdng khi(AM2315)

D6 &m khéng khi(AM2315)

Cuwéng d6 anh sang(BH1750)

24.7°C
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67_2%RH

2533

Cac Thiét Bi Didu Khién

Humidifer

Lights
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Hinh 3 Giao dién chinh cia phin mém

View Chartfor. 1Day 1Week 1Month 3 Months 6 Months

1 Year

Air Temp

Air Temperature,
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Hinh 4 Anh chyp biéu d6 cia cam bién nhiét d6 khong khi

4 Két luan

Trong bai bao nay, mot thiét ké hé théng cam bién sir dung
méy tinh RPi3 B+ chay hé déu hanh Raspbian va mot giao
dién web nhiam theo di mot s thong s6 cua moi truong da
duogc trinh bay. Hé théng duoc thiét ké bao gdm maot cam
bién AM2315 do nhiét 6, d6 4m trong khong khi; mot cam
bién nhiét d6 trong nuéc DS18B20; mot cam bién BH1750
do cuong do anh sang mat troi, co cAu co khi va mot may
chu cuc bo dugc cai CSDL MySql. Hé thong thiét ké co thé
duoc sir dung dé thu thap nhiét d6 trong nudc, nhiét do va
d6 4m trong khong khi bén trong nha kinh, ciing nhu phén

tich moéi truong trudce tu dit liéu thu thap dugc trong co so
dir liéu cua RPi 3 B+. Dé tai ciing da thuc hién dugc mot s6
thi nghiém vai két qua do luong cac cam bién nay va cai
thién chinh xac dir liéu dugc thu thap. Xa hon, sé& tién hanh
thuc nghiém tai cdc vuon trong cay an qua ciia ndng dan va
cai tién cac nhuoc diém cua hé thong. Nguoi dung c6 thé
kiém tra tir xa cac diéu kién moi trudong bén trong ngdi nha
xanh thong qua hé thong giam sat.

Lai cam on
Nghién ciru nay duoc tai trg boi Qui Phat trién Khoa hoc va
Cong nghé NTTU trong d& tai ma s 2018.01.05.
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Multiple Sensors System Design using Raspberry Pi for Monitoring the Greenhouse Environment
Le Truong Giang *", Nguyen Duy Trinh?

YInstitute of Science and Technology of Industry 4.0, Nguyen Tat Thanh University
2Nguyen Tat Thanh Institute of Hi-Technology, Nguyen Tat Thanh University
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Abstract A multi-sensor system that uses wireless sensing is designed and implemented for monitoring many parameters of
environment inside a greenhouse. In agricultural sector, sensors are used to collect air temperature, air humidity, soil moisture
and intensity of sun light inside the greenhouse. The measurement results are sent to a Raspberry Pi which works like a
coordinator in a wireless sensor network. The data collected from sensor node are stored in a local database and analyzed by
the Raspberry Pi. It uses WiFi (IEEE 802.11g standard, operating at 2.4GHz) standard protocol to communicate with a router
and uses wired connection to sensors. A website interface application is designed for experiments and showing the measured
results on the greenhouse. The proposed system can be used to monitor multiple agricultural data on the greenhouse with
highly exact results.

Keywords wireless sensor network, monitoring agricultural data, chemical sensor, climate sensor, monitoring environment
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