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ThingSpeak la mdt nén tdng Internet of Things (IoT) mé véi cdc phdn tich
MATLAB® cho phép thu thdp va lwu di liéu cam bién trén ddm may va phdt
trién cdc tng dung loT. Nén tdng ThingSpeak loT cung cdp cdc trng dung
cho phép phan tich va truwc quan héa dir liéu trong MATLAB. C6 thé viét va
thuc thi md MATLAB® bén trong ThingSpeak dé thuwc hién qud trinh tién xi
ly, truc quan haa, Ipc, phdn tich di¥ liéu va cho cdc trng dyng mé hinh héa doi
twong. Bai bdo nay trinh bdy nhirng nghlen cttu bwéc dau trong viéc u'ng
dung Matlab trong Thingspeak Server dé xdy dung hé thong do Iu'o'ng tir xa
bang cong nghé IoT LoRa Gateway. Noi dung nghién ctru bao gém dé xudt
cdu hinh thiét bi cho hé thong, Iap trinh code cho board Arduino va LoRa
Shield dé thu thdp dir lidu do tir cdc sensor node va truyen théng khéng day
bdng séng LoRa d‘en LoRa Gateway. LoRa Gateway sé gwi dir liéu 1én Web
Server dwa trén nén tdng Cloud Service ciia Thingspeak bdng glao thirc
MQTT (Message Queing Telemetry Transport). Giao dién dworc thiét Idp trén
Matlab ctia Thingspeak sé hién thi truc tuyén va lwu gid tri do tir cdc sensor
node. Hé théng dworc tich hop va chay thie trén mé hinh giam sdt nhiét dé va
do dm moi truong, budc ddu ddnh gid cho két qud véi do chinh xdc theo yéu
cdu. Két qua nghlen cteu cho phép trién khai hé thong IoT Gateway trong
thyc tévoi cdc ting dung do Iu'o'ng, phan tich va xit ly dir liéu truec tuyén voi
yéu cdiu st dung thudt todn va tao md trong Matlab bing Web Server.

© 2020 Trwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.

1. M¢& dau

mang Internet va tac dong qua lai giiva cac dich vu
web. N6 cho phép nhiéu doi twong dwoc nhing

Cong nghé IoT dang tré thanh xu hwéng phat
trién mai trén thé gidi, IoT dwoc dinh nghia 1a
nhitng doi twong (Things) c6 khd ndng két noi
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véi cac giao dién truyén thong cé diy hodc khong
day dé tw dong két ndi va twong tac véi nhau
(Nguyén Dtrc Khoat, 2014). 10T 1a mot hé théng
lién két cac hé diéu khién nhdng, cic cam bién,
phdn mém va mang (Cao Hoang Tién, 2015;
(Nguyén Van Phong 2018).
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ThingSpeak 1a mét dich vu nén tadng phan tich
IoT cho phép tong hop va phan tich cac treong div
liéu truc tiép trén ddm may. C6 thé gl dir liéu t&i
ThingSpeak tir cadc Device va cac Sensor node,...
tao cac Trend dir liéu truc tiép va giri théng bao
bang cac dich vu web. V&i cac phan tich bang cong
cu MATLAB® bén trong ThingSpeak, c6 thé viét
va thuwc thi md MATLAB dé thuc hién qua trinh
tién x ly, phan tich dit liéu, hién thi d6 thi giao
dién nguwoi dung, lién két véi cic chwong trinh st
dung nhiéu ngén ngir khic nhau,.. Péng thoi,
ThingSpeak cho phép cac k§ sw va nha khoa hoc
x4y dung cic hé thong [oT ma khong cin thiét 1ap
may chd hodc phat trién phan mém web (Vii Thi
Quyén va nnk., 2018; Pham Quang Huy, Nguyén
Trong Hiéu, 2016).

Hién nay trong nwéc ciing da c6 nhiéu céng
trinh dwoc cac nha khoa hoc nghién ctru va tirng
buwéc trién khai cac giai phap do lwong giam sat tir
xa nhw dé tai: “Phwong phdp gidm sat va diéu
khién cac thong s6 méi truweong trén nén tang dién
toan ddm may qua mang truyén théng khong day
WIMAX”, cta tac gid Pham Ngoc Minh & nnk,
(2015). Pé tai nghién citu cip nha nwéc “Anh
hwdng ctia Enso dén cac cuce tri va lwong mua &
Viét Nam va kha ning dw bo”, tac gid Nguyén Dirc
Ngit, (2012), va dé tai thuéc dw an PAM Air
“Nghién ctru hé thong giam sat chat lwong khong
khi cho cac mé than 1§ thién Quang Ninh” dwoc
thuc hién véi s hop tac gitta Pai hoc Dong A (Han
Qudc) va Pai hoc M6 - DPia chat, thuc hién nim
2018-2020 (Dy an PAM Air, 2018-2020).

Trong nghién clru nay cac tac gia dé xuat giai
phap rng dung phéan tich MATLAB dworc tich hop
nhing bén trong Thingspeak™ dé loc, x&r ly va
phan tich dir liéu. Viéc st dung cac cong cu caa
Matlab trong Thingspeak Sever dac biét thich hop
cho cacbai toan IoT c6 yéu cau xtr Iy cac thuit toan
phtrc tap, phu hop cho cac bai toan xi& 1y online
trong cac hé thdng diéu khién thong minh &ng
dung cac thuat toan Al, Fuzzy Logic, Neural
Network va dit liéu 16m,...

2. Phwong phap nghién ctiru
2.1. Xay dwng thiét ké phan cirng

2.1.1. Xdy dwng mé hinh nguyén ly hé thong

LoRa (Long Range Radio) dwgc nghién ctru va
phét trién bai Cycleo, cong nghé nay cé thé truyén

dir liéu véi khoang cach hang km ma khéng cin
cac mach khuéch dai céng suit, giap tiét kiém
nang lwong tiéu thu khi truyén va nhan dir liéu
(Emara, va nnk,, 2009). Do d6, LoRa dwoc ap dung
rong rai trong cac rng dung thu thap dit liéu nhw
sensor network. Trong dd, cac sensor node c6 thé
glri gid tri do vé trung tAm cach xa hang km va c6
thé hoat dong v&i pin trong thoi gian dai (Pushpa
Methekar, Girish Talmale, 2015); Nasiruddin,
Rashida Shujaee, 2017) (Hinh 1).

LoRa str dung ky thuit diéu ché Chirp Spread
Spectrum véi nguyén ly “bam” dir liéu bang cac
xung cao tan dé tao ra tin hiéu c6 diy tan sé cao
hon tin s6 cda dir liéu goc (goi la chipped). Sau d6,
tin hiéu cao tn nay tiép tuc dwoc ma hoa theo cac
chudi chirp signal (1 c4c tin hiéu hinh sin c6 tin
s0 thay ddi theo thoi gian). C6 2 loai chirp signal la
up-chirp c6 tin s6 ting theo thoi gian va down-
chirp c6 tan s6 giam theo thoi gian. Viéc ma hoa
theo nguyén tic bit 1 sé str dung up-chirp va bit 0
sé str dung down-chirp trwéc khi truyén ra anten
dé gtri di.

Theo mo hinh trén, hé thong dwoc thiét 1ap véi
cac thiét bi hoat dong nhu sau:

- Thiét bi hién trueong: 1a hé thong cac cadm bién
dir liéu sensor node déu dwoc gin cidc module
LoRa.

- Cac dir litu cdm bién truyén vé bo LoRa
Gateway dat tai trung tdm khu vwc dia ly do.
Théng qua Gateway, dir liéu c6 thé truyén vé trung
tam (khong gi¢i han khoang cach dialy) théng qua
mang GPRS/3G hodc thong qua Internet.

- Giao dién Matlab dwoc thiét 14p trén
Thingspeak s& hién thi online va lwu trir gia tri do
tlr cAc sensor node.

2.1.2. Thiét bi LoRa Gateway LGO1-N.

LGO1-N la thiét bi LoRa Gateway ma nguén mé.
Cho phép két néi mang khong day LoRa v&i mang
[P théng qua wifi ethernet, mang di dong 3G/4G.
LGO1-N chay trén hé diéu hanh Linux ma nguén
ma®, c6 cdng USB host dwoc str dung dé két néi cac
module di déng ratlinh hoat va két néi mang LoRa
vGi cac loai mang khac nhau, phu hop véi yéu cau
cda nguoi str dung (Qian va nnk,, 2010) (Hinh 2).

Thong s6 ky thudt LGO1-N:

- Bo vi xtt ly: 400Mhz, AR9331.

- BOnhé: 16MB; RAM 64MB.

- Giai tan sé:

+Band 1 (HF): 862 ~ 1020 Mhz.
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LoRa

D

LoRa /’-A\

A

Arduino UNO_R3
d To 10km
LoRa Shield
Module

Temperature and Humidity
DHT11 Sensor node 01

LoRa Gateway

. Sonar panel

Wifi/Ethernet/3G

ﬁ’&‘ LoRa

B i UNO_R3

T Tomkm_] ﬂ

LoRa Shield
Module

Temperature and Humidity
DHT11 Sensor node 02

Hinh 1. Sor d6 nguyén ly hé thong loT Gateway.

micro-controller
ATMega328P

Lora Wireless

Dragino HE Linux Module
CPU 400M Mips CPU
DDR: 64MB
Flash:16MB

USB Hub

Hinh 2. Sor d6 nguyén ly LoRa IoT Gateway LGO1-N

+Band 2 (LF): 410 ~ 528 Mhz.
- Mang 4G LTE (tuy chon): Quectel EC20 LTE
module.
- Micro SIM Slot.
- Internal 4G Antenna + External 4G Sticker
Antenna.

2.1.3. Dragino LoRa Shield.

La bo thu phat LoRa tir xa dya trén thw vién ma
nguén mé. Lora Shield cho phép ngwoi dung giri
dirliéu va dat pham vi tir 10+15 km. Cung cip phd
trdi rong va mién nhiém cao ctia hiang Dragino.
LoRa Shield dwoc thiét ké theo tiéu chuin cong

nghiép, nhé gon, dé dang 14y tin hiéu vé PLC, may
tinh, vi xtt ly, may tinh nhuang,... (http://dragino.
com/; http://bkaii.com.vn/ (Hinh 3).

2.1.4. Cam bién DHT11

DHT11 la loai cdm bién s6, dwgc dung dé do
nhiét do va do &m khong khi véi do chinh xac cao.
Cong nghé ché tao va thiét ké cia DHT11 sensor
dam bao d6 tin ciy cao va 6n dinh khi hoat dong
trong thoi gian dai. CAm bién c6 chat lwong tot,
muc tiéu thu dién nang thip va gia thanh thip
(http://bkaii.com.vn/).

- Thong s6 ky thuat:
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- Dién dp hoat dong: 3+5V
- Tan s6 14y mAu: 1 Hz
- 4 chan: VCC - Data - NC - GND

2.1.5. Vi diéu khién Arduino UNO R3

Vi diéu khién Arduino UNO R3 la kit Arduino
UNO thé hé 3 dung chip ATmega328P véi kha
nang lap trinh cho cac &rng dung diéu khién phic
tap, do dworc trang bi cAu hinh manh cho cac loai
b6 nhé ROM, RAM va Flash, cac ngd vao ra digital
1/0, trong d6 cé nhiéu ngd c6 kha ning xut tin
hiéu PWM (diéu ché do rong sung), cic ngd doc tin
hiéu analog va cac chuin giao tiép da dang nhw
UART, SPI, TWI (I12C), (Pham Quang Huy, Nguyén
Trong Hiéu, 2014), Hinh 4.

Théng sé ky thudt:

- bién ap hoat dong: 5V

- Tan s6 hoat dong: 16 MHz

- SO chan Digital 1/0 14 (6 chin hardware
PWM).

Hinh 3. Thiét bi LoRa Shield 433MHz.

Sensor

Sensor Client \

. Y
Client s
PC/Smart Phone ~

- S0 chan Analog 6 (d0 phan giai 10bit)
2.2. Thiét ké phdn mém
2.2.1. Giao thirc MQTT.

MQTT  (Message Queuing Telemetry
Transport) 1a mét giao thirc truyén nhan di liéu
trén nén TCP/IP. MQTT dwoc xay dwng theo mo
hinh Publish/Subscribe va khai niém “Topic”, giao
thirc don gian va siéu nhe thich hop véi cac hé
thong nhing v&i bd nhé va ngudén nang lwong
thip (Hoang Minh Son. 2014).

Hinh 5 m6 ta nguyén ly hoat dong ctia giao thirc
MQTT, céc Client (tram chinh) c6 thé 1a Publisher
(tram do va truyén dir liéu) hodc Subscriber (gidm
sat, lwu dit liéu) hodc ca hai. Néu mot Publisher gtri
dir liéu vao mét Topic (thiét bi gateway) trén
MQTT server (dworc goi la Broker), vi du Topic 2,
thi chi c6 cac Subscriber Client da dang ky vao
Topic 2 mé&i nhan duoc dit liéu. Subscriber nay sé
nhin tit ca cic dir liéu dwoc giri dén Topic 2 tir
nhiéu Publisher khac.

RX TX U 6N [T
SCL SDA 5U GND
3,3 3,30 GND 6ND |15

ANALOG IN

POWER
ENTE rreitg

Hinh 4. Vi diéu khién Arduino UNO R3.

Sensor

-~

MQTT BROKER P

-
-

Broker

Client
PC/Smart phone

Hinh 5. Nguyén Iy hoat dong cuia MQTT.
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2.2.2. Céng cu Matlab trén Thingspeak Server.

ThingSpeak™ la mét dich vu ddm may nguén
mé& cung cip cic Gng dung IoT (Internet of
Things) cho phép ngudi dung dé dang gtri dit liéu
va cung cdp cac giao dién d6 hoa hién thi dir liéu
thong qua giao thirc HTTP/MQTT qua mang
Internet.

ThingSpeak™ 1a mot dich vu nén tang phén tich
IoT cia MathWorks®, cong cu MATLAB® va
Simulink® trén ThingSpeak cho phép tong hop,
trwe quan hoa va phén tich cac luong dir liéu truc
tiép trén dam may. ThingSpeak cung cip cic
Trend dir liéu dwoc thuc thi bédi ma MATLAB dé
thuc hién phéan tich va x& ly dit liéu truc tuyén.
(http://thinkspeak.com/)

D€ st dung cong cu Matlab cin phai truy cip
vao tai khoan ca nhan nhw Hinh 6.

St dung ham ThingspeakRead c6 sin trong
Matlab dé doc cac truwedong tir cac kénh dir liéu. Hai
kénh dir liéu nhiét do va d6 4m do truc tuyén voi
ID1026651, dwoc thyc thi bédi ma trong Matlab:

4\ MathWorks:

Email

No account? Create onel

By signing in you agree to our privacy policy.

t)) [J) !-:) -))J-})
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[d,t]=thingSpeakRead (1026651,'DateRange’,
[datetime ('May 26,2020'),datetime (‘May 28,
20207)]);

2.2.3. Ldp trinh C code cho Arduino UNO R3.

Hinh 7 la phat trién code dwoc lap trinh C mo
ta truyén théng gitra sensor node va vi diéu khién.
Gtri dir liéu 1én Thingspeak bang giao thirc MQTT,
code 1ap trinh dwoc upload cho Arduino UNO_R3.
(Pham Quang Huy, Nguyén Trong Hiéu, 2014)

3. Két qua dat dwoc

Thiét ké va xiy dung dwoc hé thong do giam
sat tlir xa rng dung thiét bi LoRa Gateway c6 kha
nang thu thap gia tri cdm bién nhiét do va dé am.
Dir liéu dworc giri va Iwu trir trén Web Server. Qua
thuwc nghiém trén mé hinh hé théng hoat dong
theo ding cac yéu cau dat ra.

Hinh 8 la két qua hién thi dir liéu Field_1 va
Field_2 bang Matlab trén Thingspeak.

Bang 1 la file co s& dit liéu dworc ty dong ghi lai
trong Excel.

DATA AGGREGATION
AND ANALYTICS

C1ThingSpeak-

MATLAB
‘ Lanl

SMART CONNMNECTED DEVICES

ALGORITHM DEVELOPMENT
SENSOR ANALYTICS

Hinh 6. Truy cdp vao tai khodn cd nhdn dé nhdn dir liéu tir Gateway

25 MQIT Client_to_ThingSpesk | Arduino 1.8.12

él’-n!e Edit Sketch Tools Help

<S5PI.h>
ade <LoRa.h>

ff User manual see Single Channel LoRa Kit v2 Uszer

f/ Example 2: Test with a MQIT IoT Server

11_PIN RO
flame_pin=-3;
terperaturs, humidity, ten, huny

char tem 1[8]={"\07),hum_1[&]=("\0"};

r *nede_id = “<l234>"; //From LGO1 wvia
t datvasend[36]:

int count = 1;

long new _time,old time=0:

f/define the input

pin of flare sensor

web Local Channel szectings on MQTT

2 COM3

The temperature and humidity:
[20.00°C,£0.00%)

Have fire,the terperature iz send
The temperature and humidity:
[20.00°C,20.00%]

Have fire,the terperature is send
The cemperature and humidity:
[20.00°C,20.00%]

Have fire,the terperacure is send
The temperature and humidicy:
[20.00°C,20.00%]

$443aR8008 COUNT=44¢ #4448
The tcexperature and humidicy:

Manual vl.0.2.pdf frox

Hinh 7. Code cho vi diéu khién Arduino UNO_R3.



Bdng Vdn Chiva nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 61 (5), 88 - 95

Figure 1: Temperature = | Figure 2: Humidity = |

Figure 1: Temperature

Figure 2: Humidity

94

Hinh 8. Dir liéu do hién thi duwdi dang biéu do Matlab trén Thingspeak.

A B c D E F | G H

37 |2020-03-26 18:19:06 +07 36 0 0 MTTQPUBLISH
38 tem 10.0 hum 10.0

39 |2020-03-26 18:20:05 +07 37 0 0 MTTQPUBLISH
40 |2020-03-26 19:20:38 +07 38 29 25 MTTQPUBLISH
41 |2020-03-26 19:21:15 07 30 29 84 MTTQPUBLISH
42 |2020-03-26 19:22:16 +07 40 29 25 MTTQPUBLISH
43 |2020-03-26 19:23:15 +07 41 28 84 MTTQPUBLISH
44 |2020-03-26 19:24:18 +07 42 28 84 MTTQPUBLISH
45 |2020-03-26 19:25:18 +07 43 28 84 MTTQPUBLISH
46 |2020-03-26 19:26:21 +07 44 28 84 MTTQPUBLISH
47 |2020-03-26 19:27:27 +07 45 28 84 MTTQPUBLISH
48 |2020-03-26 19:28:19 +07 46 28 84 MTTQPUBLISH
49 |2020-03-26 19:33:20 07 47 28 84 MTTQPUBLISH
50 |2020-03-26 19:34:17 +07 48 28 84 MTTQPUBLISH
51 |2020-03-26 19:36:20 +07 40 28 23 MTTQPUBLISH
52 |2020-03-26 19:37:16 +07 50 28 21 MTTQPUBLISH
53 |2020-03-26 19:38:20 +07 51 28 79 MTTQPUBLISH
54 |2020-03-26 19:39:21 +07 52 27 77 MTTQPUBLISH
55 |2020-03-26 19:40:16 +07 53 27 77 MTTQPUBLISH

Hinh 9. Hinh chup file co sé di¥ liéu durgrc lvu tw dong trong Worksheet ctia Excel.

4. K&t luan va hwéng phat trién

Bai bao trinh bay cac n6i dung nghién ctru thiét
ké, phat trién va thir nghiém hé théng giam sat tir
xa st dung LoRa IoT Gateway LG0O1-N, cong nghé
dién toan ddm may va cong nghé truyén dir liéu
MQTT. Céc s liéu do dwoc gidm sat bang phin
mém Matlab di dwoc nhing trong ThingSpeak
Server.

Hé thong da dworc tich hop, lap trinh va chay
thtr nghiém cho 1 node sensor trén mo hinh giam
sat thong s6 nhiét d6 va dd6 am. Budc ddu danh gia
cho két qua kha quan dam bao cac yéu cau vé ky
thuat va cong nghé, thu nhan di liéu véi khoang

cach truyén LoRa t&i 10 km. Két qua nghién ctru
cho phép trién khai hé thdng [oT vao thyc té€ véi
cac ing dung c6 yéu cau do, gidm sat tir xa bang
Web Server.

Thiét ké c6 tinh chit thir nghiém, sir dung cac
sensor va thiét bi c6 gia thanh thip nén can quan
tAm theo doi dén dd chinh xac va on dinh cia hé
théng. Mot s6 mau do c6 sw bién dong bat thwong
(Hinh 8) dworc cho 1a do nhiéu, tuy nhién s8 lwgng
khong nhiéu, c6 thé dung thuit todn loc nhiéu
nhing trong Matlab dé€ loai bo. Hon nita khi trién
khai v&i cac rng dung ngoai troi thi cling can phai
chi y t&i cac yéu to ngoai canh trong mdi trwong
tac dong t&i hoat dong cta thiét bi.
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beé xudt tiép tuc danh gia do chinh xac, tinh 6n
dinh va bén vitng ctia hé théng, m& rong va phat
trién thém cac cam bién c6 tinh &ng dung cao
trong cong nghiép, ndng nghiép va trong moi mat
doi sdng xa hoi voi muc tiéu hudng dén mot hé
théng 1am viéc 6n dinh. C6 thé dé dang trién khai
vao thuec té ap dung cong nghé LoRa loT Gateway,
dap Gng Kip thoi voi sw phat trién rat manh mé
cta cudc cach mang cong nghiép 4.0.
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