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Tom tat

Ngay nay viéc giam séat cac théng s6 moi trrong réat cén thiét trong nhiéu linh vurc khéc nhau nhw trong trot,
thay sén, chan nuéi, chét thai khi cong nghiép va nhiéu linh virc khac. Céng nghiép 4.0 vé6i tam diém thé gidi
van vét (loT — Internet of Things) sé giup cho viéc giam sat cac théng sé méi trurong tai moi luc -moi noi. Chi
voi mét chiéc dién thoai théng minh (smartphone) gitp hién thi cac canh béo khi céc théng sé méi tru’ang
cén giém sét & ngoa/ ngu’crng cho phep. Két qua giam sét sé gitp cho bd phén chirc ndng co bién phap Xt
ly kip thoi nhdm gidm rdi ro va han ché céc tac dong ttr méi trurong dén doi séng con nguwoi. Trong khuén
khé bai bdo nay, nhém nghién ctru dé xudt mét mé hinh (ng dung céng nghé Lora dé giam sét thu phét
chinh xéac théng tin trén céc toa tau duong sat Viét Nam nhdm nang cao chat luong phuc vu ciing nhu tao
cém giéc yén tdm, an toan, than thién cho méi hanh khach khi di tau.

T khéa: loT, LoRa, CCS, Nut, Ctra ngd
Abstract

Nowadays, monitoring of environmental parameters is very essential in many different fields such as
cultivation, aquaculture, livestock, industrial gas waste and others. The Industry 4.0 with loT (Internet of
Things) as the center, will help us to monitor environmental parameters anytime, anywhere. Only a
smartphone can display alerts when monitoring environment parameters exceed allowed thresholds.
Monitoring results will help the functional department to make timely handling that reduce risks and limit
environmental impacts on human life. In this study, the research team proposed a model of Lora technology
application to monitor Vietnamese railroad carriages for improving service quality, as well as creating a
reliant, safe, and friendly feeling for every passenger.

Keywords: IoT, LoRa, CCS, Node, Gateway

1. Giéi thiéu

LoRa la viét tit ciia Long Range Radio duoc
nghién cuu va phat trién boi Cycleo va sau nay dugc
mua lai boi cong ty Semtech nam 2012. Voi cong
nghé nay, ching ta ¢ thé truyén dit lidu voi khoang
cach 1én dén hang kilomet (km) ma khéong can céc
mach khuéch dai cong sudt; tir d6 gitip tiét kiém ning
lwong tiéu thy khi truyén/nhan dir liéu. Do d6, LoRa
¢6 thé dugc ap dung rong rii trong cac ing dung thu
thap dir licu nhu mang cam bién (sensor network)
trong d6 cac cam bién nat (sensor node) co thé giri
gia tri do dac vé trung tim cach xa hang nghin mét va
c6 thé hoat dong véi ngudn pin (battery) trong thoi
gian dai trude khi can thay thé hodc nap lai.

LoRa sir dung k§ thujt diéu ché Chirp Spread
Spectrum (CSS). Co6 thé hieu don gian vé nguyén ly

* Dia chi lién hé: Tel.: (+84) 913.004.120
Email: dung.nguyenhoang@hust.edu.vn
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nay 1a dit lidu s& dugc chia ra thanh cac xung cao tin
dé tao ra tin hiéu c6 ddy tan s6 cao hon tin s6 dir liu
goc (day goi 1a chipped). Sau dé tin hiéu cao tin nay
tiép tuc dugc ma hoa theo cac chudi tin hiéu hinh sin
c6 tan s thay doi theo thoi gian (chirp signal); c6 2
loai tin hi¢u d6 14 tan s6 ting theo thoi gian ma hoa
theo bit 1 va tan s§ giam theo thoi gian ma hoa theo
bit 0 truéc khi truyénra anten dé gui di. Theo
Semtech cong bd thi nguyén ly nay giup giam do
phtre tap va d6 chinh xac can thiét ciia mach thu dé c6
thé giai ma va didu ché lai dir liéu. Hon nira cong
nghé truyén dan khong day LoRa khong can cong
sut phat 16n ma van c6 thé truyén va nhan tin hiéu &
khoang cach xa ngay ca khi cudong do tin hi€u nho
hon ca nhiéu méi trudng xung quanh.

Bing tan lam viéc ciia LoRa tir 430MHz dén
915MHz cho ting khu vyc khac nhau trén thé gioi:
(1) 430MHz cho chau A; (2) 780MHz cho Trung
Quéc; (3) 433MHz hodc 866MHz cho chau Au; 4)
915MHz cho nudéc My. Nho st dung chirp signal ma
céc tin hiéu LoRa vdi tdc d6 tan s6 thay doi theo thoi
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Hinh 1. Mo hinh thiét ké h¢ théng giam sat cac thong sé moi truong trén tau khach Bic Nam

gian (chirp rate) khac nhau c6 thé hoat dong trong
cung mot khu vuc ma khong giy nhiéu cho nhau.
Diéu nay cho phép nhiéu thiét bi LoRa c6 thé trao ddi
dir lidu trén nhiéu kénh dong thoi (mdi kénh cho mot
chirp rate) [1].

Bang 1. So sanh cic giao thic truyén thong khong

day
Bluetooth | ZigBee Wi-fi LoRa
) Phu
Thiét b1 Hon thu{)q
déu cudi 255 64000 vao so 10000
toi da dia chi
1P
Dongtiu | 35 A | 30mA | 100mA | 28mA
thu dinh
Vang phu 10m 10- 100m | 3-5km
song 100m
A an 1 250 11 vas5 55
Toc do bit 1 Mbps Kbps Mbps Kbps
Cong
ngh¢ dieu FHSS DSSS | OFDM CSS
ché

Béng 1 trinh bay céc thong tin cin so sanh dé thay
rd su vuot trdi cia Lora so véi cac cac giao thuc
truyén thong khong day khac [2].

Dua trén cc wu diém cta Lora va qua sy khao
sat nhu cau thuc tidn cia hanh khach vé su can thiét
clia viéc xac dinh cac thong sé moi truong, vi tri tau
trén tuyén dudng sit. Nhom nghién ctru da dé& xudt
mot mo hinh thu thap thong sb méi truong tai mdi toa
tau, dir lidu dugc xur 1y sau d6 hién thi tryc tiép tai
mdi toa va dwoc canh bao khi cac thong sb vuot
ngudng cho phép. Dir lidu ciing duoc truyén tir cac
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toa tau vé toa tau diéu khién dé c6 bién phap xir Iy kip
thoi, giam rui ro xau tac dong dén hanh khach

Hé théng ma nhém nghién ctu thiét ké lwa chon
sir dung cong nghé truyén thong khong day Lora dé
truyén nhan thong tin tir khoang cach xa va tiéu thu
ning luong thip ma cac cong nghé truyén thong
khong day khac nhu Wifi, Bluetooth, Zigbee, v..v,
khong thé 1am dugc. Phuong phép thiét ké, ché tao va
cac két qua dat dugc cia hé théng s€ duoc trinh bay
trong céac phién tiép theo cuia bai bao nay.

2. Thiét ké hé théng giam sat
2.1. Kién triic hé thong

Hinh 1 trmh bay moé hinh thiét ké hé thong giam
st cac thong s6 moi truong trén toa tau cua tuyen
duong st Bac Nam do nhom nghién ciru dé xuat. Hé
thong gdm ba thanh phan chinh: (1) Nut (Node) (dat
tai cac khoang tau); (2) Ctra ngd (Gateway) (dat tai
toa dau tién) va (3) May chu ting dung (Application
server) trén dién toan dam may (Cloud) (Web,
Database, GPS tracking, v..v). Viéc thu nhap dir liéu
tir cam bién: 4nh sang, nhiét do, do am, ndng do
khong khi, vv... s€ duoc théng ké lién tuc trén mdi toa
tau con — car. Dit liéu sau khi thong ké s& dugc dong
g6i mi hoa theo thuit toan AES-128-bit va giri vé cira
ngo thong qua Lora. Cira ngd sau khi nhén cac ban tin
— message giti vé tir phia nit s& giai ma ban tin lay dir
lidu va guri 1én dién toan ddm may dé luu thong tin va
hién thi trén web.

2.2. Thiét ké hé thong

_ Nhu da trinh bay ¢ phan 2.1, phn cimg cua hé
thong gom hai khoi chinh d6 1a khoi nut (dat tai cac
khoang tau) va khoi ctra ngo (dat tai toa dau tién).
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2.2.1. Thiét ké khéi niit

Monitor

Raspberry Pi
Zero

GND GND
= 33V 5V =
Il
+3.3v 21 [ o] 1 asv
GPIO2 22 | aa | 2 5V
22?2 GPI03 23 (g al 3 GND
; GPIO4 24 | oo | 4 GPIO14 B
DIOO <t e ST 5 o > UARTO_TX
ST e — > UARTO_RX
pro1g———2H017 o0 GRO1E £>DIO2
DIO3 <t GPIO27 27 ® e 7 GND
|<S'1'<1—?3P ‘;\)’22 gg | @ o g gg:gii GPIO23
= T B G > GPIO24
MOSI <t GPIO10 o e GND
MISO < GPIOg 31 | g | 11 GPIODS GPIO2S
o ghiotr 32 | g gl 12 GPics SNSS
GND 33 | o 13 GPIO7 DCP[O?
. ID_SD 34 | o a | 14 ID_SC N
/"~ GPIOS 35 [ aal 15 GND 7
L?gé%: GPIO6 36 | o o | 16 GPIO12 > GPIOL2
e GPIO13 37 | = = | 17 GND
gt GPIO19 38 | o a | 18 GPIO16
gggézi GPI026 39 | o o | 19 GPIO20 ’;gggég
GND 40 | o o | 20 GPIO21 IDHT

61304021821

Hinh 3. So db nguyén 1y khéi nut két ndi véi ngoai vi

Hinh 2 trinh bay so dd khéi nut. Nt bao gom
)] kh01 xu ly; (2) khéi cam bién (cam bién nhiét do
d6 4m, cam bién chat luong khong khi); (3) khéi canh
bao va (4) khi truyen thong khong day lora. Toan bo
cac khoi nay deu dugc cap ngudn cung cép tir khoi
thir (5) bao gém ngudn dién DC va pin. Hinh 3 va
Bang 2 lan luot trinh bay so d6 nguyén ly; khe cam
két ndi Raspberry Pi Zero va bang cac chic ning
nhiém vu cia timg thanh phan nat. Khi ciu hinh chan
cho module Lora SX1278 can kich hoat str dung giao
thirc truyén thong SPI va cac chan IO khac dé nhan
biét cdc tin hiéu ACK tra vé khi tién hanh két ndi va
truyén dir liéu. Do chan Raspberry Pi Zero khong ¢
chan doc gia tri twong ty nén st dung IC ADS1115
chuyén dung cho viéc doc tin hiéu tuong tu voi nhiéu
dai dién ap dau vao co6 thé cdu hinh dugc dinh khi co
ngudn dién 220V AC thi nit s& dugc va truyén dir
liéu vé MCU théng qua giao thirc 12C. Véi bén nat,
ngudn duge st dung véi hai tiy chon la ngudn cip
chmh tir dién ap AC 220V qua ngudn xung va mot
ngudn du phong chay bang pin. Méc cung cap dién & ap
DC boi dau ra cua ngudn xung con khi xay ra mat
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dién nut s& chuyén sang str dung ngudn du phong dé
hoat dong, dam bao theo ddi va canh bao cho nguoi
dung néu xay ra sy cd, thu thap dit liéu tir cam bién
va kiém tra chét luong méi truong hién tai nhu thé
nao. Trong qua trinh doc va phan tich dit liéu néu xay
ra 13i thi lai chuyén module SX1278 vé ché do nhan
va cho cac luot tiép theo. Nguoc lai néu qué trinh
thanh cong thi tién hanh chuyén module SX1278 sang
ché d¢ truyén dir liéu va giri dir liéu vé phia ctra ngd.
Trudc khi gui di dir liéu & phia nat dugc nén lai dang
base64 va mi hoa véi thuat toan ma hoa khoa dbi
xtng AES-128.

Bang 2. Chirc ning nhiém vy timg thanh phan nut

Thanh phﬁn nut Chirc nang, nhiém vu

Khéi xir Iy sir dung Raspberry Pi Zero 1a
may tinh nhung chi c6 mdt board mach
kich thudéc nho gon. Raspberry Pi Zero
st dung broadcom BCM2835, ARMv7
single core 64-bit SoC @ 1.4GHz,
512MB RAM, Mini HDMI, 802.11
b/g/n wireless LAN, Bluetooth 4.1, chan
cim GPIO 40 chan. Ngudn dién 4p va
dong dién twong ung 1a 5V/160mA. Do
kich thudc Raspberry Pi Zero nho gon
nén dugc lya chon lam khéi xir 1y cia
nut. Ngoai ra do Raspberry Pi Zero co
tich hop cdng HDMI nén tai timg toa tau
¢6 thé hién thj tryc tiép thong tin vé chit
lugng khong khi va canh béo.

Raspberry pi Zero

Khéi truyén thong khong day dugc st
dung 12 module Sx1278 hoat dong trén
tan s6 420 — 450 MHz, coéng sudt phat
20dBm — 100mW, giao tiép SPI, tc do
bit 14p trinh c6 thé dat dén 300kbps,
v..v. Module Lora-Ra 02 s& truyén dir
liéu moi trudng tir cac toa tau vé cira

ngo.
Cam bién MQ135 | Khoi cam bién cht lugng khong khi:
(cadm bién khong Module dugc str dung ¢ nghién ctru nay
khi) la MQ135. MQ135 str dung don vi ppm

dé tinh toan ndng do cac khi. MQI35
cung cp cac gia tri trong ty dugc anh
xa voi 1024 gia tri ciia by chuyen dbi
ADC. Duya vao biéu d6 médi lién quan
gitta Rs/Ro va céc khi, khi c¢6 dugc gia
tri twong tu tir chan out cua cam bién s&
13p céc cong thirc dé tinh nguoc lai cac
gia tri cua céc khi khac nhau.

Cam bién DHT 22
(cam bién nhiét do,
do Am)

Khéi cam bién nhiét do, d6 4m sir dung
module DHT22 dé do nhiét do va do 4m
cua ting toa tau, pham vi d6 am do tir 0
-99.99%RH, pham vi phat hién nhiét do
. tr -40 ~ 80 °C, d¢ chinh xac phat hi¢n
P — do am la + 2%RH, d¢ chinh xac phat
m hién nhiét d¢ 1a + 0.5 °C.

Buzzer 5V USP — Khéi canh bao sir dung coi chip dé bao
250SA cho hanh khach biét khi nio thong sb
mdi trudng xau vuot ngudng cho phép.
i Dién 4p hoat dong tir 3.5 dén 5v, dong
% tai nho 25mA. Dai tin dap tmg 2300 +
500 Hz.
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2.2.2. Thiét ké khéi cira ngé

SX1278

Raspberry Pi
3B+

ngudn xung va Raspberry Pi3 model B+ dé lam 6n
dinh ngudn dau vao 5V — 24V véi dau ra 1a ngudn 5V
cung cap chinh cho module xir Iy Raspberry Pi3
model B+, module lora SX 1278 va module GPS
NEO 6M.

Bang 3. Chirc ning nhiém vy thanh phan cira ngd

Thanh phz“m cira ngod Chirc ning nhiém vu

1L
L

S$X1278

Hinh 4. So dd khdi cira ngd

Power

So @6 khbi cira ngd dugc trinh bay trong hinh 4.
Ctra ngd duoc thiét k& dé thu thap thong tin tir cac
sensor bén phia nut dat tai cac toa tau va dinh vi vi tri
clia tau dé hién thi 1én trang Web thong qua co so dir
liéu mySQL cta Google cloud. Bén canh d6 cac
thong tin vé mdi trudng ciing sé& duoc hién thi bang
ung dung do nhém nghién clru tao ra trén cac may
dién thoai thong minh st dung hé diéu hanh Android
thong qua co s& dit liu firebase cuia google cloud.

GND GND
= 13V 5V =
J4
+3.3V 1| o@l 2l 45v
. GPIO2 2] gl 22 v
GPI02 X
(’iPIO3f} oPo3 3 | g g1 23 GND
DIO01 <t GPI04 4 s 0 24 UARTD TX S>UARTO TX
GND 5 e 25 UARTO RX >UARTO RX
DIOllq%g—O o—%mozx C
DIO3 1< b 00 L
RST1< GPI022 8 | g @] 28 GPIO23 DIO02
+33V 9 29 GPIoM SDIOL2
cPiot0 10 30 GND
MOSI < T 3
MISO—2E100 b DIO22
SCK < GPIOT1 12 32 GPIo8 NSS1
GND 13 33 GPIor >NSS2
. RESERVED 14 34 RESERVED .,
SN - w AN
DI032 G—S008 112 0 ;g CND
RST2 SH0 99— CPO  6pio12
LED1 < GPIO13 17 s 0 37 _GND
LED2 ¢— om0t }g T ;g SPO > GPIols
GPI026 ——=—=———— 8 8 GPI020
GND 20 ° 40 GPio21 SGPIO21

61304021821
Hinh 5. So d6 nguyén ly khoi ctra ngd véi ngoai vi

Hinh 5 va Bang 3 lan luot trinh bay so do
nguyén 1y; khe cam két nbi Raspberry Pi 3+ va bang
cic chirc nang nhiém vu cia timg thanh phan ctra
ngd. Khi cdu hinh chan cho module Lora SX1278 can
kich hoat st dung giao thirc truyén théng SPI va céac
chan IO khac dé nhan biét cdc tin hidu ACK tra vé
khi tién hanh két ndi va truyén dir liéu. Trong thiét ké
khéi cira ngd, ngudn cung cdp dau vao la dién ap
220V AC dugc ha ap xubng ngudn DC trong dai tir
5V dén 24V théng qua ngudn xung diéu khién. Dé
mo rong kha ning tuong thich vi cac bo mach ngudn
khac nhau, mdt mach BUCK dugc dat gitta board
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Khéi xir Iy st dung Raspberry
Pi3 model B+ ciling tuong tu
nhu Raspberry Pi Zero nhung
Raspberry Pi3 B+ ¢6 tinh nang
va hiéu sudt cao hon. Module
str dung Broadcom
BCM2837B0, Cortex-A53 64-
bit SoC @ 14GHz, 1GB
LPDDR2 SDRAM, 2.4GHz va
5GHz IEEE 802.11.b/g/n/ac
wireless LAN, Bluetooth 4.2,
BLE, 4 céng USB 2.0, 1 cbng
HDMI, 40 chan GPIO, v..v.
Lora Cira ngd duoc két ndi voi
mot man hinh tai toa tiu diu
tién cua tau théng qua cdng
HDMI. Ngudn dién s dung
5V/2.5A DC cbng micro USB,
5V DC trén chan GPIO, Power
over Ethernet (PoE) (yéu cau
thém PoE HAT).

Raspberry Pi3 model B+

Module GPS NEO - 6M Module GPS NEO - 6M 1la
module dinh vi toan cdu st
dung hé théng vé tinh GPS cia
M§. Module cho tbc do xac
dinh vi tri nhanh va chinh xac,
¢6 nhidu mnuwcs nang luong
hoat dong va phu hop vdi cac
tmg dung chay ngudn pin. Do
chu triic ciia module nén cin
khoang thdi gian t4i thidu 28s
dé khoi dong chip, thiét 13p cac
thong s6 ban dau. Ngudn dién
sir dung tir 3.3V — 5.5V.

Module Lora-Ra 02 Khéi truyén théng khong day
dugc su dung 1a module
Sx1278 hoat dong trén thn s6
420 — 450 MHz, cong suit phat
20dBm — 100mW, giao tiép
SPI, téc do bit 1ap trinh c6 thé
dat dén 300kbps, v..v. Module
Lora-Ra 02 s& truyén dit lidu
mdi trudng tir céc toa tau vé
ctra ngo.

3. Két qua va thio luin
3.1. Phin ciing

Hinh 6a va 6b lan luot biéu dién hinh anh layout
mach in giao dién cho khéi cua ngd va nut. Mac du
khéi xir Iy ciia cira ngd va nit déu s dung cac
module Raspberry Pi3 va Zero nhung cic khoi nay
van can cac mach giao dién ghép ndi cac module xir
Iy voi cac module Lora SX1278, cac module cam
bién, module GPS v..v.
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Hinh 6. So d6 layout mach in giao dién
(a) Cura ngd va (b) Nut

Hinh 7a va hinh 7b lan lugt biéu dién cac khdi
ctira ngd va nut sau khi nhom nghién ctru da han dan
linh kién va thiét ké cac hop dé dong goi san pham.
Qua hinh 7 ta thiy khi cira ngd do dic thu lam viéc
da dugc thiét ké thém ca quat tan nhiét gitp lam mat
nhanh choéng linh kién dién tr bén trong sau khi dong
kin hop.

(b)

Hinh 7. Han dan linh kién 1ip rap dong hop hoan
chinh cho (a) Cura ngd va (b) Nut

3.2. Giao di¢n ngwoi dung
3.2.1. Tinh todn cdc thong sé khi tir cam bién MQI35

MQI135 cung cip cac gia tri twong tu duoc anh
xa voi 1024 gia tri ciia bd chuyén déi ADC. Dya vao
biéu d6 trong hinh 8 vé& mdi lién quan giira dién tro
Rs/Ro va cac khi cho nén khi c6 dugc gia tri twong ty
tir chan out ctia cam bién s& 1ap cac cong thirc dé tinh
ngugc lai cac gia tri cia cac khi khac nhau [3].

MQ-135
0 Q T 1171
I .
T T 1117
[
—— 0P
——
——— —— %%
:...:::_\:—_h- gy
[ T+ 2y
e [, ) g . ——WE
= B— ::‘-H::"‘» T =l
51 s o e
prr
a1
10 100 1000

Hinh 8. Biéu d quan hé giita Rs/Ro va ppm
cua cac khi khac nhau

Hinh 8 cung cépﬂnhﬁ'ng dd thi cua cac khi khac
nhau, truc hoanh X biéu tpi giai do cac khi tir 10 d{:n
1000 ppm, truc tung Y biéu thi,dién tro twong ty dau
ra Rs trén dién tr¢ Ro tir 0.1 gén 10. T hinh trén s&
tinh todn lai cac ham cua moi khi ga dya vao phan
mém matlab hodc webplotgitizer [4].

Cac diém méc theo biéu db 1a:

- AIR (10, 3.58),(200, 3.58); CO (10, 2.8351) ,(200,1.3464)
- €02 (10, 2.3),(200,0.8); ETHANOL (10, 1.90),(200,0.73)
- NH4 (10,2.55),(200,0.765); TOLUENE (10, 1.54),(200, 0.64)
- ACETONE (10, 1.44), (200,0.583)
Dua vao ludt logarit tinh gia tri:
m = (log (v2/y1)/og(x2/x1)); (1)
Jo) = (1/xI™) * x" ; 2

Trong d6 f(x) = y = Rs/Ro; x 1a gia tri ppm

Nhom nghién cuu trinh bay cach tinh gia tri
ppm cua khi CO2 nhu sau:

- Toa d6 lan luot: x/ = 10; x2 = 200; y/ = 2.3; y2 =
0.8; f{x) = (2.3/ [10] ~(-0.3525)) * x"(-0.3525); (3)

- Tu phuong trinh 3, véi y = Rs/Ro, rut x ra va tinh
toan theo y dugc phuong trinh:



Tap chi Khoa hoc va Céng nghé 141 (2020) 015-021

o i :
. TONG CONG TY BUONG SAT VIET NAM

Al mﬂ‘t

Chi 56 chit lvgng khang khi
Tdt

© 49

0 Gagan nhat Ha Nl

Chithrgng khdng khi 18t

0 Tu: VN0
3 Cap nhdtan cusi 02:38:49 | 2020-03-21 0 Khoang:1
% 261 % 8424
NEng 6 cua timg ki (ppr)
CO 12.8726 C7H8  1.52199 €02 7.74
C2H5- 3.45639 C3H60  1.22541

OH ‘

Hinh 9. Giao dién Web cua hé théng
y=(2.3* [10] 70.3525)/x"0.3525; @)
& x™0.3525 = 5.178784458512621 / y
o x=(0.3525&5.178784458512621 / ((Rs/Ro))).
& x=106.2161*1/N(0.3525&Rs/Ro).
> (ppm) = 106.2161* [(Rs/Ro)] "(-2.83688); (5)

Tuong tu ¢ thé tinh dugc cac khi khéc.
- COz: ppm = 106.2161* (Rs/Ro) 283688
- CO ppm = 662.9382 * (Rs/Ro) ™+
- Ethanol ppm = 75.3103 * (Rs/Ro)>14%¢
- NHa ppm = 102.694 * (Rs/Ro)>43818

Bang 4. S6 liéu do cong suét

Bang 5. S6 liéu do cuong do tin

Po am

48.0%

(@]
»
Nhiét do

24.6°

: _'i'ﬁT

Chat lugng khéng khi tat.

Kndng khi Nhigt 4

Khiing kni Nhigt 45

@ ®
lenh 10. Glaq dién trén ung dung android cua hé
thQng: (a). Hién thi nhiét 9, d6 am; (b). Hién thi
chat lvong khi

3.2.2. Giao dién nguoi dung

Giao dién Web cia hé¢ thong dugc nhom nghién
ctru viét bang ngoén ngir Java Servlet, HTML, CSS,
Bootstrap, jQuery va st dung co sd dir liéu MySQL.
Giao dién Web cia hé thong duoc thé hién & hinh 9.
Giao dién gém c6 phan hién thi vi tri tau, hién thi
thong s6 moi truong va thay ddi cac ngudng chat
lwong khong khi théng qua mau sic, vv... Dit liéu
cling dugc luu trir va théng ké lwa chon theo thoi
gian. giao di¢n ung dung trén di¢én thoai thong minh
st dung hé diéu hanh Android duoc viét béng Java
Android va st dung co s& dir liéu firebase.

Giao dién tng dung trén dién thoai duoc lan
luot thé hién trong hinh 10a hién thi nhiét d6 d6 am,
va hinh 10b hién thi chét lugng khong khi. Giao dién
gdém c6 day du cac thong tin vi tri tau, nhiét do, do
am va chit luong khong khi, thay doi ngon ngi, v..v.

Bang 6. S6 lidu do thoi gian tré

ti€u thu hiéu bén cura ngd tin hi¢u thu/nhén tir clra ngd
Khoing Nang lugng tiéu thy L Cudng d6 tin hiéu Khoéng Thoi gian tré

céch (mw) Khoang céch (dbm) céch (ms)

(m) Nut Ctra ngd (m) Cira ngd (m) Cira ngd
1 2143.35 3008.94 1 235 1 3608
10 2104.38 2972.75 10 37 10 3631
50 2162.84 2957.24 50 43 50 3679
100 2096.59 2983.09 100 -52 100 3758
200 2174.53 2915.88 200 -68 200 3871
500 2123.87 2936.56 500 -112 500 4172
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Hinh 11. Cong suét tiéu thy trung
binh cua nut va ctra ngd

3.3. So sdnh két qua do lwong

Trong phan nay nhom nghién ctru trinh bay két
qua do cong sudt tiéu thy ngudn dién, cuong do tin
hiéu, do tré thoi gian khi nhan tin hiéu va so sanh tai
cac khoang cach khac nhau v..v.

3.3.1. Po cong sudt tiéu thu

Béang 4 va hinh 11 1an luot trinh bay vé s6 liu
do cong suét tiéu thy trung binh cta nit va cira ngd.
Nhoém nghién ctou da lam thi nghiém véi cac khoang
cach khac nhau tir 1 dén 500 mét. Trén do thi c6 thé
nhan thiy cong suat tiéu thy cua nat va cira ngd
khong bi anh hudng boi khoang cach cho phep. Tuy
nhién vé phia clra ngd cong sut tiéu thu xap xi gép
1.5 1an so v&i vé phia nat. Nguyén nhan chinh 1a do
phia ctra ngd sau khi phat tin hiéu yéu ciu va nhan
cac tin hiéu dit liéu vé s& xur Iy va day Ién dién toan
dam may nén qua trinh lam viéc va tiéu hao nang
lwong rd rang s& nhiéu hon vé phia nut.

3.3.2. Po cuong do tin hiéu

Bang 5 va hinh 12 lan luot trinh bay vé s liéu
va biéu dién mdi quan hé giita cuong do tin hidu bén
ctra ngd nhan dugc tir nit so véi tung khoang cach cu
thé. Nhin vao dd thi nhan thiy khoang cach cang xa
thi cuong do tin hiéu cang giam tuyén tinh. Theo nhu
datasheet ciia module lora SX1278 thi cuong dd tin
hiéu cua ngudng thu phat nhan biét duoc 16n hon
hodc bang -139dbm [5].

3.3.3 Do thoi gian tré nhén tin hiéu

Bang 6 va hinh 13 lan lugt trinh bay vé b liéu
va biéu dién mdi quan hé so sanh giira thoi gian tré
khi ctra ngd bat dau guri mot yéu clu doc dit liéu cho
dén khi ctra ngd nhan duoc lai dit liéu hop 1& va bt
dau phan tich dir liéu. Nhin vao dd thi nhan thdy véi
khoang cach cang xa thi do tré ting dan tuyén tinh.
Két qua nay rat phu hop véi s6 liéu do dac duge vé
murc cuong do tin hiéu.

Distance (M)
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Hinh 12. Méi quan hé cudng d6 tin  Hinh 13. Mdi quan hé giita thoi
hiu véi khoang cach

gian tré khi bét dau gui dir liéu dén
khi nhan dir li¢u tai cta ngd véi
khoang cach

4. Két luan va hwéng phat trién

Bai bdo nay trinh bay viéc ing dung cong nghé
Lora dé xay dung h¢ théng giam sét trén céac toa tau
duong sit Viét Nam. Nhom nghién ctru da ché tao
thanh cong hé théng. Hé théng hoat dong 6n dinh,
hién thi dugc cac gia tri do vé nhiét 4o d6 am, GPS,
chat lugng khi CO, CO2, NH4 v..v. Nhom nghién
clru ciing d tién hanh thir nghiém hé thong tai cac dia
hinh, vi tri khoang cach khac nhau dé tinh toan cong
suét tiéu hao vé phia cira ngd ciing nhu vé phia Note.
Bén canh d6 cac két qua thir nghiém vé danh gia
cuong d6 tin hiéu so vadi khoang cach cling kha quan.
Nhom nghién ciru da dat hé thong chay lién tuc trong
72 gio dé kiém tra tinh 6n dinh cua hé thong ciing
nhu mirc ning luong tidu hao can thiét. Tuy nhién dé
dat két qua thuc té trong thuc nghiém, nhom nghién
ctru s& tién hanh kiém tra hé thong trén céac toa tau
thuc té bén canh viéc danh gia do dac va so sanh véi
cac thiét bi chuén c6 mat trén thi truong dé tang do
tin cay chinh xac cho céc thong sé ciia hé théng ma
bai bao da dé cép.
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