Bui Quang Chung, Vi Hiru Bao

NGHIEN CU'U & PHAT TRIEN THU
NGHIEM MO HINH TRO GIANG SO SUr
DUNG CONG NGHE Al VA 10T

Bui Quang Chung, Vi Hiru Dao
Hoc vién Cong nghé Bwu Chinh Vién Thong

Abstract—Bai bao nay trinh bay nghién ctu & thiét
ké phat trién thir nghiém mot md hinh trg giang sb ung
dung trong giang day ¢ truong dai hoc, sir dung cong
nghé Al va loT. Y tuéng thiét ké bao gdbm cac khia canh
guan trong duoc xét dén d6 1a dé& dang thuc hién, chi phi
thap, c6 kha ning mo rong g dung trong thuc té. Nén
tang mo hinh trg giang sb bao gébm 4 thanh phan: thiét bi
xu ly trung tdm sir dung may tinh nhung Raspberry Pi 4
loT node thu thap dir li¢u sir dung cac cam bién, camera,
mic va vi diéu khién Arduino; loT networks s dung
mang Zigbee va Internet dé trao doi dir liéu giia loT node
va trung tm xu ly; va Server luu trit dit liéu dién todn
dam may st dyng ThmgBoard loT. Ket qua klem chung
cho thdy, mé hinh tro giang so dé xuét chay 6n dinh, thu
thap dir liéu va diéu khién cac thiét bi chinh xéc, doc
chinh x&c noi dung bai giang trén slides va tu dong giai
dap dwoc cac thic mac co ban lién quan téi noi dung mon
hoc cho sinh vién. Trén co s d6, mo hinh trg giang so
dugc dé xuat co thé trién khai trong cac I6p hoc thong
minh hoac cac phong lab thuc hanh chuyén sau dé quan ly
tu dong 16p hoc va hd trg cho sinh vién hoc tap.
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I. GIOITHIEU

Internet truyén thong két ndi con nguoi V6i con nguoi
da khoi dau mot ky nguyen “Két ndi” trong hon bén thap
ky qua. Tuy nhién ngay nay, trong tam cong ngh¢ da
chuyén dan sang két ndi con nguoi va tit ca céc thiét bi
thdng qua mot méi trudng goi la 10T (Internet of Things).
IoT dang tr¢ thanh mot trong nhitng xu huéng cong nghé
méi cua the gidi, voi du doan s& co6 hon hon 35 ty vat
dung két ndi Internet trong ndm 2025 [1]. loT da dugc
rng dung rong réi trong nhiéu linh vuc tir nha théng minh
[2], thanh phé théng minh [6], giao théng théng minh [3],
y té thong minh [4], ndng nghlep thong minh [5]. Clng
Vi sy phat trién dot pha cua cac cong nghé sé méi nhur tri
thdng minh nhén tao Al (Artificial Intelligence) [7], mang
5G (5th-Generation) [8] va Blg data [9], IoT da va dang
thay d6i cach thiic con nguoi- -thiét bi twong tac véi nhau,
thiét bi-thiét bi tuong tac véi nhau, tir d6 tao ra nhiéu co
hoi hoc tap nghién ctu, san xuét kinh doanh, hinh thirc
kinh doanh khac nhau cho céc nha khoa hoc va doanh
nghiép.
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Hién nay, trén thé gisi c6 nhiéu Trudong Dai hoc va
c4c to chuc nghién ciu I6n da phat trién cac phong lab
chuyén dung, cac trung tam dé thyc hién viéc nghién cau
va giang day cac chuyén nghanh 1oT. Vi du nhu nghién
ciru [10] cung cap mot nén tang thi nghiém quy mo I6n
cho phép cé&c nha nghién cau, nha thiét ke, nha phét trién
va ky su IoT thiét ké, danh gia va t6i uu hoa cac giao
thic, ang dung va dich vu. Trung tam C-DAC (Centre
For Development of Advanced Computing) da phat trien
loT-Lab bao gom Wi-Fi Mote, Ubimote, BLE Mote,
UbiSense and WINGZ [11]. Mt nén tang loT Lab dung
Arduino/Genuino UNO, ngdn ngir lap trinh Python va
ThingSpeak 0T dugc giéi thiéu trong nghién cau [12].
Tai Viét Nam, c&c khu cbng nghé cao tai Ha noi va
Tp.HCM da va dang uu tién wom tao Cac cong ty khoi
nghiép mang IoT va thudng xuyén td chirc cac hoi thao vé
loT. Dic bi¢t, Khu Cong ngh¢ cao Hoa Lac, Bo Khoa hoc
Cdng nghé da t6 chac khai treong Phong thi nghiém Hoa
Lac loT Lab, trung bay cong ngh¢ [oT nhu Smart Home,
Smart City, loT trong c6ng nghiép, giao thdng, y té, giéo
duc thdng minh.

Mot trong nhitng ang dung quan trong cua loT trong
gido duc d6 1a mé hinh 16p hoc thédng minh & tro giang sb6
(m6 hinh trg ly 4o trong céc tng dung khac) [13]-[16]. Vi
du nghién cau [13] tich hop mét chatbot vao mét trang
web truc tuyén cia mot cong théng tin web gido duc dé
hd tro sinh vién. Bot duoc thuc hién tra 1oi cac cau hoi
thuong gap va cd thé cung cap thong tin co ban vé cac
khoa hoc. Nghién cau [14] da st dung mot cong cu E-
Learning dé day dicu tra phap y k¥ thuat so cho mot 16p
hoc cua sinh vién khoa hoc dit liéu. Chatbot dugc thiét ké
dé gilp cac sinh vién hoc cach tra l6i cac cau hoi lién
quan den khoa hoc. Nghién cau [15] trinh bay mot hé
thong gom hai phan mot tng dung Android va mot nén
tang may cha. Ung dung android thyc hién mot chatbot
tuong tac véi ca sinh vién va may chi. Muc tiéu cua h¢
thdng 1a cho phep hoc sinh thuc hién mot sb hanh dong
lién quan dén cac nghién ciu cua ho nhu: tham khao cac
cau hoi cua ky thi, nhan cac khuyen nghi vé tai liéu hoc
tap, dat cau hoi vé khoa hoc va kiém tra. Nghién cau [16]
trinh bay mét ang dung Android c6 chia mot Chatbot
gi4o duc dugc thiét ké cho nhing nguoi khiém thi. Ung
dung chay bang Google Voice Search va dugc sir dung
bang cach dat cau hoi bang ngon ngir ty nhién noi, sau do
tng dung s& chuyén déi thanh van ban va chay truy vén
d6i voi co so dir ligu Al. Cau tra loi dwoc tra vé dudi
dang van ban va giong noi.

Trong bai bao nay, ching t6i s& trinh bay mét nghién
ctru thiét ké phat trién tha nghiém moé hinh tro glang SO Sur
dung cdng nghé Al va loT, ung dung trong cac 16p hoc
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théng minh hoic cac phong lab thuc hanh chuyén sau dé
quan ly tu dong 16p hoc va hd tro cho sinh vién hoc tap.
Mo hinh dé xuat 1a mot hé théng 10T hoan chinh géom 3
modul thanh phan nhu modul phan cting, modul phan
mémé&cloud va modul truyén théng, voi cac tinh ning
mé. Y tuong thiét ké bao gdom céc khia canh quan trong
dugc xét dén do 1a dé dang thuc hién, chi phi thap, c6 kha
nidng m¢ rong da tram ket noi, thu thap dix ligu va dicu
khién duoc cac thiét bi trong 16p, hé trg sinh vién hoc tap
va thyc hanh trén cac lab. Cac dong gop chinh cua nghién
ctru ¢6 thé duoc tém tit nhu sau:

v Nghién cau tién hanh khao sat cac mé hinh trg giang
SO

v Nghién ciru dé xuat md hinh kién trac cho trg giang
SO

v Thiét ké & thi cdng md hinh thir nghiém tro giang sb

v Tha nghigm két qua va danh gia cac tinh ning cua
tro giang s6

v Nghién ciru dé xudt cac huéng mé rong phét trién
cua md hinh trg giang so6

C4u trc cua bai bao bao gdm cé4c phan nhu sau: Phan
I gigi thiéu md hinh hé théng; phan 111 trinh bay thiét ké
va thi cdng mé hinh bao gém loT node, loT gateway va
loT server. Trong phan 1V, cac tinh nang caa mo hinh
dugc kiém chung va danh gia. Cudi ciing, mét s6 két luan
duoc trinh bay & phan V.

Il. MO HINH HE THONG

Dé c6 tu duy thiét ké mot ung dung 10T vao thyc tién,
md hinh kién tric tham chiéu ciia IoT dong vai tro 1a nén
tang quan trong. Tuy thuoc vao quy mo ting hé thong cu
thé ma md hinh kién trdc 10T cd thé cd tu 3 dén nhiéu 16p.
Vi dy m6 hinh kién tric 10T 3 I6p bao gom I6p tng dung,
I6p mang va 16p vat ly; mo hinh kién trdc 1oT 4 I6p bao
gom 16p cam bién va thiét bi chap hanh, 16p thu thap dix
liéu va Internet Gateway, 16p thuc hién dién toén bién, 16p
trung tam dit li¢u di¢n toan; mo hinh kién trac 10T 5 16p
gom lép cam bién, 16p truy nhap dix liéu, l6p mang, 1op
middleware va |6p g dung [17]. Trong nghién ctu nay,
chang tdi st dung moé hinh kién truc 1oT 3 I6p bao gom
I6p thiét bi, 16p mang va 16p tng dung, duoc mo ta nhu
Hinh 1. Dya trén mo hinh kién trac 10T 3 16p, md hinh hé
thong tro giang s6 dugc dé xuét nhu trong Hinh 2, bao
gom cac khoi co ban nhu khoi nguon, khoi thu thap dr
lidu, khéi diéu khién, khdi chap hanh, khéi truyén thong,
va loT cloud.

Léw tmg - Cloud
d';:;‘” — - Al/ML
) - App
- Gateway
Lop mang +— - LAN
- WAN
- Cam bién
L6p thiét bi «— - Vi diéu khién
- Thiét bi chap hanh

Hinh 1: M6 hinh kién trac 3 16p loT
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| dunen | | Khoi diéu khién | | Khdi chép hanh |
; |
! o . !
|| Sensors | | Truyén théngJ Rasppi :rry I Truyénthéngl | Actuators | |
[ — ! — A '
| : Zigoee | | Zighee | |
[ | L | |
I'| A/Dmodule | | : AID module :
|
|___I___! I___I___J
I Knéi ngubn |
L 2/533VDC |

Hinh 2: M6 hinh hé thang tro giang so
A. Khai nguon (Power Suplly 24/5/3.3VDC):

Khdi nguon cung cap nguén dién 24/5/3.3VDC cho hé
thong bao gom cac cam bien, camera, mic, relay,
raspberry, arduino...Khoi nguon dam bdo cung cap nguon
dién mot chiéu on dinh cho cac thiét bi dién tr hoat dong
dung cong suat va hiéu qua.

B. Khdi thu thap diz liéu

Khéi thu thap dit ligu c6 nhiém vy thu thap dit liéu vé
moi truong, con nguoi, sy Kién dé truyen toi khoi dicu
khién. Khoi nay bao gom cac cam bién nhi¢t do, do am,
anh séng, hong ngoai, chuyén déng, camera, micro...

C. Khdi diéu khién

Khéi diéu khién thu nhan dix liéu tir khoi thu thap dit
ligu, tinh toan va dua ra cic quyet dinh dieu khién toi khoi
chap hanh. Khoi dieu khién bao gom may tinh nhing
raspberry xtr Iy giong ndi va hinh anh, ket n6i véi vi dieu
khién arduino dé diéu khién cac thiét bi.

D. Khdi chap hanh

Khéi chap hanh thu nhan quyét dinh diéu khién tir khéi
dieu khien va chap hanh mé¢nh I¢nh, bao gom h¢ thong
den chiéu sang, dong co, loa, relay...

E. Khi truyén thong

Khdi truyén thong két néi cac khdi diéu khién véi nhau
va dé két noi c&c khai diéu khién va khoi chap hanh thdng
qua cac giao thirc khdng day va c6 day, bao gom cac giao
thirc RS232/485, Zigbee, Wifi...

F. 1oT cloud

Pam may dién to luu trir dir liéu cua loT, hd trg céc
API (Application Programming Interface) luu trit va truy
xuat dir liéu tr cac thiét bi qua giao thac HTTP
(Hypertext Transfer Protocol), MQTT (Message Queue
Telemetry Transport) qua Internet hoac mang cuc bo.

Céc tinh ning chinh ctia mo hinh tro giang sé dé xuét
duoc thiét ké nhu Hinh 3, bao gom diéu khién thiét bi qua
giong néi, diém danh sinh vién tu dong, hd tro doc bai
giang slides va giai dap thac mac lién quan t&i ndi dung
man hoc cho sinh vién. Trong phan tiép theo, chiing toi s&
trinh bay chi tiét quéa trinh thiét ké va thi cong mo hinh,
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bao gébm cac thiét ké IoT networks, 10T node, loT

gateway, va loT cloud.

Tro gidng Lab
Quén Iy 16p hoc Tro gidng
DPidu khién thiét «— — HO tro doc bai
bi qua giong noi gidng slides
Piém danh sinh ) Giai dp cAu hoi
vién tw dong sinh vién

Hinh 3: Céc tinh ndng chinh cua tro gidng sé

. THIET KE VA THI CONG

Trong y twéng vé thiét ké va thi cong mo hinh, cac
khia canh quan trong dugc xét dén d6 1a dé dang thuc
hién, chi phi thap, thu thap dit liéu va diéu khién duoc cac
thiét bi trong lép hoc/lab, hd tro co ban cho giang
vién/sinh vién, va c6 kha niang mo rong da tram két noi.

A. loT networks

Trong qué trinh thiét ké, viéc lya chon mang truyén
thong khong day dé két noi cac 10T node véi nhau va dé
két noi cac 10T node va IoT gateway déng vai tro rat quan
trong. Dua vao cac dac tinh ky thuat ctia cdc mang truyén
thong khong day hién c6 nhu md ta trong Bang 1, mang
Zlgbee V6i cac wu diém ndi troi vé khoang cach truyén
dan va ning hmng tiéu thu phu hop, da dugc str dung
trong thiét ké mé hinh trg giang sd. Zigbee ciing chinh 1a
giao thirc dugc sir dung trong cac (ng dung cua loT vé
nha théng minh va I6p hoc thong minh [2].

Bang 1. Béc tinh ky thuat mét sé mang khéng day

Giao Bing tin Técdd | Khoang | Ning
thic cach lwong
tiéu
thu
IEEE 868/915MHz, | 250Kpbs 10- Rat
802.15.4 2.4GHz 300m thap
Bluetooth 2.4GHz 723Kpbs 10m Thap
Wifi 2.4,5.8GHz 11- 10m Cao
105Mpbs
Zigbee 2.4GHz 20- 1-75m | Rat
868/915MHz | CKPP thap
Z-wave 868.42MHz, | 100Kpbs | 30m Thip
EU
908.42MHz,
USA
Lorawan | 867,869MHz, | 21.9Kpbs 10- Thip
EU 20km
902.3-
914.9MHz,
USA
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B. Khdi thu thdp diz liéu: 10T node

Chirc nang cta loT node la thu thap dit liéu tir cac cac
cam bién, camera, micro, théng qua mod-dun A/D
(Analog/Digital) hodac RS232/485, SPI/I2C (Serial
Peripheral interface/Inter-Integrated Circuit), sau d6 xuat
tin hiéu diéu khién tir arduino téi céc thiét bi chap hanh
thong qua mo-dun relay. 10T node s€ thuc hi¢n viéc
truyen thong véi loT gateway thong qua mang khong day
Zigbee. So do6 khoi cua IoT node dugc trinh bay nhu
trong Hinh 4, bao gdom:

- AD
Zighee module
Network Sensors
Microcontroller RS 485
Arduino Uno Network
Power Supply R
ela
24/533VDC oy Actuators

Hinh 4: So dd khéi ctia mé-dun loT node
- BOo xtr Iy trung tam duoc xay dung dua trén nén tang 1a

vi diéu khién Arduino UNO c6 thé sir dung 3 vi diéu
khién ho 8bit AVR la ATmega8, ATmegal68,
ATmega328. USART chay voi toc do 1én toi 12,5Mbit/s,
5 cong SPI chay véi toc do Ién tei 50 Mbit/s, 3 cong 12C,
1 cbéng SDIO chay & téc d6 48 MHz, AD 12 bit dat 2,4
MSPS, 11 bé dinh thoi 16 va 32 bit.

- Phan truyén thong bao gém truyén théng mang khdng

day Zigbee va mang co day RS485. Phan cung Zigbee
duoc thlet ké dya trén md-dun Zigbee 02 SX1278 duoc
két ndi voi chan SPI cua vi didu khién va phan cung
RS485 duoc thiét ké dya trén vi mach MAX485 duoc két
ndi véi cac chan TXD va RXD cua vi diéu khién. Phan
thu thap dir liéu va diéu khién s& thuc hién viéc thu thap
thong tin cam bién thong qua mo-dun A/D hodc giao tiép
ndi tiép RS485 va tao ra cac tin hi¢u diéu khlen truyén toi
cac co cau chap hanh théng qua cac ngd ra s6 hoic giao
tiép ndi tiép RS485.

- Phan ngudn dugc thiét ké dé hd tro cac muc dién ap
ngudn theo chuan cong nghlep 24VDC, 5VDC va
3.3VDC cung cép dién ap lam viéc cho 10T node.

Dic tinh ky thuat va thong sé 1am viéc cua céc chan
chue nang trén 10T node dugc mo ta trong Bang 2. Viéc
diéu khién cac chén chic nang nay s€ dugc thuc hién
thdng qua viéc dleu khién céc thanh ghi chirc ning dac
biét trong vi didu khién Arduino UNO. Quan hé diéu
khién giira cac thanh ghl chirc nang déc biét trong vi diéu
khién Arduino UNO va cac thiét bi tich hop trén loT node
dugc mo ta chi tiét ¢ Bang 3.

Bang 2. Théng s6 ky thuét ctia cac chén chirc ndng trén mé-dun

0T node
STT | Ténchan Cong dung Thong sb
1 24V Ngd vao cung cap | Vin=24Vpc
dién &p cho h¢ thon
2 | oNo | M oadng | INGMIN) =
T 2000mA
3 485-A Cong giao tlep noi
tiép theo giao thirc
4 485-B RS485
5 DI1-Dl4 Ngé vao tin hiéu s6 Logic 1: 17V
— 24V Logic
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]
5 NODE_REG[8] ;
R1 [1]- bicu
NODE_REGI[9] | Relay | khién
Relay R2 NODE_REGJ[10 dong cac relay
Output | R3 ] - [0] - d()r}g
Relay | hoac
R4 | NODE REG[IL | nos’ | ngat
]

C. Khoi dieu khién trung tam: loT gateway

Chtrc nang ciia mo-dun loT gateway la nhan thdng tin
dugc giri tr cdc 10T node théng qua mang khéng day
Zigbee, xtr ly céc thdng tin nhan duoc va sau d6 gui cac
thong tin nay dén Server ThingBoard. Ngoai ra, loT
gateway con c6 kha nang thu thap dugc cac thong tin hinh
anh va giong noi tr camera va micro d¢ xtr ly cau I¢nh.
So do6 khoi cua 10T gateway dugc trinh bay trong Hinh 5,

bao gom:
Gor | o |
Network module Camera/
] Mic
Power Supply Relay Loa ‘
24/5/3.3VDC module

Hinh 5: So do khoi cua loT gateway
- BOo xtr Iy trung tam duoc xay dung dua trén nén tang 1a
mo-dun Raspberry Pi 4 xir ly hinh anh va giong néi.
- Phan truyén théng bao gém truyén thdng cuc bo (dugc

xay dung dua trén nén tang 1a mang khong day Zigbee va
mang c6 day RS485) va mang Internet

- Phan thu thap dir liéu va diéu khién duoc thiét ké dé

thu thap thong tin tar camera/mic va duoc tich hop thém
cac mo-dun relay dé co thé dieu khién duoc cac thict bi
chap hanh nhu loa.

Dic tinh ky thuat va thong sé 1am viéc cua céc chan
chirc nang trén loT gateway duoc md ta trong Bang 4.
Quan hé diéu khién gitra md-dun Raspberry Pi va cac
thiét bi tich hop trén loT gateway dugc mo ta chi tiét &
Bang 5. Viéc diéu khién céc chan chirc ning nay va loa
tich hop trén mé-dun loT gateway sé duoc thuc hién
thong qua viéc diéu khién céc chan GPIO (General-
Purpose Input/Output) trén mo-dun Raspberry Pi.

Bang 4. Céng dung va théng s ctia céc chan chiic nang trén mé-
dun loT gateway

0:
oV -7V
6 AlL-Al4 Ngd vao tin hiéu IIN=0-
. 20mA
twong tu (ADC c6 VIN = 0V —
do phan giai 12bit). 3,3VDC
7 0OC1- ~ , ISINK(MAX
oc4 Ng®é ra cuc thu ho ) = 100mA
8 NO1 - Tiép diém:
NO4 Chan thuong hd caa | 10A/250VA
cac Relay. C
10A/30vDC
9 COM1 — Tiép diém:
CoOmM4 Chan chung cua cac | 10A/250VA
Relay. C
10A/30vDC
10 NC1 - Tiép diém:
NC4 Chan thuong dong 10A/250VA
cua céc Relay. C
10A/30vDC
Bang 3. Quan hé diéu khién giira vi diéu khién Arduino va module
IoT node
ST 10T Node Arduino biéu | Cong
T khién | dung
1 485 485 PB6/TX Truyen
Bus -A PB7/RX thong
RS485
485 PB7 )
-B Truyen
thong
[1]- | RS485
| o
phép gti
[o]- | dulieu
eRecelv Cho
phép
nhan dix
liéu

2 Di1 [1]- Poc vao

BI2 NODE_REG[4] | 17V... | cacdi
24V liéu so
Digital DI3 NODE_REG[5] [0] -
Input NODE_REGI[6] | OV...7
DI4 vV
NODE_REG[7]
3 | Analog Day .
giatrj | Pocvao
Input | 11 | NODE_REG[0] | ADC | Cécdi
(ADc | lieu
Al2 | NODE_REG[1] | o445 | twongtu
AI3 | NODE_REG[2] ghﬁ!” 1IN=0-
lal
Al4 | NODE_REG[3] | 12bit) ZNOLT]Q\\//I_
[0][40 | 33vDC
96]

4 OC | NODE_REG[12 3
1] [1] Bieu
oc BJT khién

oc 5 NODE_REG[13 | ¢3n cac BJT
cuc thu
ouput | oc || 0] Eiéuh("y)
:C3)C NODE_REG[14 BJT dan hoac
4 ] ngz'tt ngé’[
NODE REGJ[15
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STT | Ténchan C6ng dung Théng sb

1 24V Ngd vao cung cap dign | Vin=24Voc

3 &ND ap cho hé thong hoat IINMIN) =
2000mA

3 485-A | Céng giao tiép ndi tiép

2 485-B theo giao thirc RS485

5 DI1-DI2 Logic 1: 17V

o — 24V Logic
Ngd vao tin hiéu s6 0:

ov-7v

6 NOL - | Chan thuong hé cua cac | Tiép didm:
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NO2 | Relay. 10A/250VAC
10A/30VDC
7 COM1— R ey Tiép diém:
CoM2 Chan ng?éq cuacac | 10a/250VAC
y- 10A/30VDC
8 NC1— N Tiép diém:
Nc2 | Chan tchz;f:"ggl dong cua | 10A/250VAC
Y- 10A/30VDC

Béng 5. Quan hé diéu khién gitta mo-dun Raspberry Pi va mé-
dun loT gateway

STT loT Gateway Raspberry Diég Cong
Pi khién dung
1 485 485- | GPIO14/TX Truyeén
Bus A GPIO15/RX théng
GPI1018 RS485

485- .
B Truyeén

théng
RS485

[1]- Cho

Transmit phép

gui dr

[0] - lieu

Receive

Cho

phép

nhan
dit ligu

2 DIl [1]- Poc
17V...24V | vao
Digital | DI2 | GPIO23 [0] - cc dit
Input GPI022 OV...7v | ligu'sé

3 Diéu
[1] - Relay | khién

Relay | R1 GP1017 dong cac
Output | R2 relay
utpu GP1027 [0] - Relay | dong

ngat hogc

ngat

4 [1]-LED | biéu
LED1 | GPIO5 bat khien

LED LED2 cac
GP106 [0]-LED | LED

tat bat tt

D. loT cloud: ThingBoard

Dam may di¢n tur luu trit dix ligu IoT dugc st dung
trong mé hinh dé& xuit st dung nen tang ThingBoard.
ThlngBoard mot tng dung cung cap ma ngu0n mo cho
cac ung dung cua loT. Ma ngu0n nay hd tro cac API luu
trir va truy xuat dir ligu tir cac thiét bi qua giao thac HTTP
hoac MQTT qua Internet hoac mang cuc bd. ThingBoard
dugc phat trién va OpenSource trén GITHUB [18].

Sau khi thiét ké xong phan cting cia mé hinh, phan
mém code thuc hi¢n céc tinh ndng cua m6 hinh duorc viét
trén phan mém Python cho Raspberry Pi. Luu db ‘thuat
toan thuc hién cac tinh nang chinh cua trg giang sé nhu
didu khién thiét bi qua giong noi, diém danh sinh vién tu
dong, hé trg doc bai giang slides va giai dap thac mac lién
quan téi noi dung mon hoc cho sinh vién, duoc mo ta
trong cac Hinh 6-9, bao gom:
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- Luu db giai thuat tinh ning dleu khién thiét bi qua
giong noi dugc cho trong Hinh 6. Dau tién nguoi ding ra
lénh diéu khién thle;t bi qua giong noi. Thiét bi thu nhan
nhu micro s& chuyén tin hiéu giong néi téi Rasphberry
dé xu ly, phan tich thanh cau I¢nh. Sau d6 Rasphberry
gui cau lénh xuéng trung tam diéu khién thiét bi la
Arduino. B9 trung tam dicu khién ra Iénh cho thiét bi
can diéu khién. Thiét bi duoc diéu khién sau khi nhan
Iénh s& hoat dong theo nhu ciu cia nguol ra Iénh va c6
thé s& c6 phan hoi lai bang giong néi cho nguoi ding
biét.

Luu d6 giai thuat tinh ning diém danh tu dong Face
ID duoc cho trong Hinh 7. Dau tién thiét bi thu nhan nhu
camera s& ldy hinh anh khudn mat cta nguoi ding, va
chuyén no t6i Rasphberry dé xt Iy, phén tich va nhan
dang Face ID. Néu hinh anh khuén mat c6 trong co s&
dir liéu, viéc diém danh thanh céng. Néu hinh anh
khudn mat khong cé trong co s& dit liéu, viéc diém
danh khéng thanh cbng va sé cap nhat thém vao danh
sach. Sau do6 Rasphberry giri danh sach da cap nhat Ién
trén ThingBoard.

Luu d6 giai thuat tinh ndng doc bai giang slides duoc
cho trong Hinh 8. Bau tién nguoi dung yéu cau tro giang
doc bai giang qua giong noi. Thiét bi thu nhan nhu
micro s& chuyén tin hiéu giong néi toi Rasphberry dé
xu ly phan tich thanh cau Iénh. Néu dung 1a yéu cau doc
bai giang, Rasphberry s& tim file bai giang trong
database c6 sdn. Sau d6 Rasphberry xtu Iy chuyén file
text thanh giong no6i va phat ra loa. Trong qua trinh doc
bai giang, néu c6 cau lénh khac tir ngudi dung, tro
giang s¢ tam dung doc, giai quyét cau lénh xong roi
quay tro lai doc tiép. Tat ca cac thao tac déu duoc
Rasphberry cap nhat 1én trén ThingBoard.

Luu do giai thuat tinh ning gidi dap thiac méic cho
sinh vién duoc cho trong Hinh 9. Dau tién sinh vién yéu
cau trg giang g|a1 dap thac mac lién quan toi noi dung
moén hoc qua giong ndi. Thiét bi thu nhan nhu micro s&
chuyén tin hiéu giong ndi téi Rasphberry dé xir ly phan
tich thanh cau lénh. Néu ding 1a cau hoi vé bai giang,

MIC
Nhén giong noi

|

Raspberry
Xt ly giong noi-cau 1énh

Ardyino
Piéu khién thiét b

Hight Actuator

Bat thiét bi

Tin hi¢u
diéu khién

Actua;or

Tit thiét bj
[
v

ThingBoard

Giam sat thiét bi

Hinh 6: Luu d6 gidi thugt tinh nang diéu
khién thiét b;
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Rasphberry s& tim file tra 1oi twong ing trong database
¢ san. Sau d6 Rasphberry xtr Iy chuyen file text thanh
giong ndi va phat ra loa. Neu cau tra loi khong co san
trong database, Rasphberry s& tim kiém noi dung trén
web thdong qua API. Tat ca cac thao tic déu dugc
Rasphberry cap nhat 1én trén ThingBoard.

Camera
Nhan khu6n mat

|

Raspberry
Xir Iy Face ID

|

Yes

biém danh
thanh cdng

Co trong co sé dir
liéu?

Khéng c6 trong
danh sach

l

Thong bao cap nhat
thém danh sach
Te

ThingBoard
Giéam sat danh sach

Hinh 7: Luu do gidi thudt tinh nang diém
danh tu déna

)
MiIC
Nhan giong noi

Raspberry
Xt ly giong noi-céu 1énh

No

—
Yes
Raspberry
Xu ly text-giong noi

Actuator
Loa bat

. No Actuato(
Tam dirng? Loa doc tiép
Yes

Actuator
Tat loa

ThingBoard
Giam sat tién do

:

Hinh 8: Luwu do gidi thudt tinh ndang doc bai giang slides
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MIC
Nhién giong noi
Raspberry
Xir Iy giong noi-text

Yes
Raspberry
Tim ndi dung tra 1oi
No
C6 sfin ciu trg
10i?

Yes
Raspberry
Xir Iy text-giong noi

) API
Lay ndi dung trén web

Actuator
Bit loa
ThingBoard
Giam sat tien do

vién

RASPBERRY P14

Hinh 9: Luru do gidi thudt tinh nang trd 161 cau héi sinh

ADRUING

Hinh 10: Hinh dnh thyc té san pham
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Hinh 11: Mb ta tinh nang diéu khién thiét bi qua giong
noi trén 1oT node

IV. PHAN TiCH TINH NANG

Trong phén ndy, cac mach thiét ké duoc kiém chung
thuc nghi¢m céc tinh ndng chinh cua trg giang s6 nhu thu
thap dir ligu va truyen nhan dir liéu qua mang, diéu khién
thict bi qua giong ndi, diém danh sinh vién tu dong, hd trg
doc bai glang slides va g|a1 dap thac méc vé noi dung bai
giang mon hoc cua sinh vién, dé danh gia do chinh xac
cua thiét bi phan ctng vira thiét ké. Ky thuat xir Iy giong
noi cua Rasphberry dugc ching t6i tham khdo tai ma
ngudn mé [19]. Ky thuat xir ly hinh anh st dung ky thuat
CNN cua Rasphberry dugc ching t6i tham khao tai md
ngudn mé [20]. Do co gidi han ve sb trang bao nén khong
trinh bay chi tiét ¢ day. Ngoai ra cac tham s6 khac veé
mang Zigbee hay Wifi cé thé tham khao ¢ Bang 1.

A. Tinh nang dzeu khién & quan 1y thiét bi 16p hoc qua
giong néi va diém danh face 1D

Pé kiém nghiém hiéu qua cua tinh nang diéu khién &
quan ly thiét bi, ching tdi s& thir nghiém dé Rasphberry
dat ¢ node xu ly trung tdm JoT gateway, nhu mo ta &
Hinh 10, diéu khién cac thiét bi tai IoT node nhu bong
dén, quat, relay duoc md ta trong md Hinh 11. Theo luu
d6 giai thuat & Hinh 6, Rasphberry s& nhan ménh Ignh
théng qua giong nai tir micro dugc két noi tn;rC tiép toi
Rasphberry, xu ly thanh cau lénh va gui xuong trung
tam diéu khién thiét bi tai 1oT node la Arduino thong
qua mang Zigbee. Arduino ra Ignh cho thiét bi can diéu
khién hoat dong.Véi tinh ning diém danh Face ID,
ching toi sir dung camera két néi toi Rasphberry theo
luu d6 giai thuat & Hinh 7, Rasphberry sé nhan hinh anh
khuén mt sinh vién tir camera, xir Iy nhan dang khuén
mat, sau d6 cap nhat két qua vao danh séach.

Céch thuc dé danh g1a hiéu qua cua tinh ning diéu
khién thiét bi qua giong ndi la sau khi nhan lénh tir glong
noi, thiét bi dugc bat/tit thanh céng. Tuong tu véi tinh
ndng Face ID la sau khi nhan khuon mit, sinh vién duoc
cap nhat thém vao danh sach thanh cdng. Céac yeu t6

lién quan téi tré hay tap nhiéu ching toi chua xét ¢ day.

Thong qua vigc thong ké kiém nghlem thuc té, két qua
cua tinh ning diéu khién thiét bi qua giong ndi va face 1D
trong 16p hoc dugc thé hién trong Hinh 13. Trong do,
Rasphberry diéu khién thiét bi thanh cong 1a trén 95%,
trong khi ty 1¢ thanh cong cua tinh nang face 1D la trén
85%. Mot s6 15i dan dén diéu khién that bai c6 thé Ia
Rasphberry khong nhan ding cau l¢nh, do duong truyen
vo tuyen Zigbee tsi Arduino khong tét, hoic do céac
thiét bi chip hanh nhu dén hay relay hoat dong khong
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t6t. Nhung vé co ban hai tinh ning diéu khién thiét bi I6p
hoc qua giong néi va diém danh face ID cua trg giang so
hoat dong tuong d6i 6n dinh va chuan xac. Luu y 1a tit ca
céc dit liéu nay déu dwoc cap nhat theo thoi gian thuc trén
ThingBoard nhu mé ta trong Hinh 12.

B. Tinh nang doc slides bai giang & giao tiép véi sinh
vién

Dé kiém nghi¢m hiéu qua cia tinh niang doc slides bai
giang, ching toi s& cung cap file ndi dung dudi 3 dinh
dang: .word, .pdf va .ppt dé Rasphberry tién hanh doc noi
dung bén trong, theo nhu luu dd giai thuat & Hinh 9.
Theo d6, Rasphberry s&¢ nhan m¢nh I¢nh tir micro, tim
kiém file noi dung trong database cO san, xir ly text-
giong ndi va phéat ra loa. Ky thuat xu ly text- glong noi
clia Rasphberry dugc ching t6i tham khao tai ma nguon
mé [21]. Cach thirc dé danh gia hiéu qua cua tinh nang
doc slides bai giang la sau khi nhan 1énh tir giong néi,
cac slides dugc doc dtng ndi dung bén trong (dang xét &
ché do text).

TRQ'LY AO

DIEU KHIEN THIET Bl

PHAN DIEU KHIEN

TRANG THAI THIET BJ

B6ng Dén MAY CHIEU

S--0

§ | g vom
27°C  56%

2 ZTE

e

3 Radio Access Network (RAN) - Basic Information

Radio Network Planning

1. Introduction about ZTE Corporation

2. Introduction about Network Planning

4.Prediction of Coverage by Signal Level

5. Propagation Model Calibration

Hinh 12: Dir ligu duwgc cdp nhdt trén ThingBoard
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Hinh 13: Thong ké két qud thir nghiém cdc tinh ning
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Hinh 14: So sanh tinh nang doc slides vé ngi dung mén
hoc trong 3 dinh dang file

Vi tinh nang tra 1o thac mac cua sinh vién lién quan
t6i noi dung mon hoc (Q&A) truéc mat ching toi s& cung
Ccip cac cau tra 1oi co san noi dung trong database dé
Rasphberry tién hanh tim kiém va tra loi sinh vién, theo
nhu lwu d6 giai thuat & Hinh 10. Ngoai ra, neu nhu ciu
tra 10 khong c6 san, Rasphberry s& tu tim kiém noi dung
trén web thong qua API dé tra loi sinh vién. Cach thirc dé
danh gia hiéu qua la ndi dung tra loi dtng vai ndi dung
bén trong slides bai giang.

Théng qua viéc thong ké kiém nghiém thuc té, két qua
cua tinh nang doc slides bai giang & giao tiép véi sinh
vién dugc thé hién trong Hinh 13. Trong d6, Rasphberry
diéu khién doc bai giang thanh cong la trén 90%, trong
khi ty I¢ thanh cong cua tinh nang tra 16 cau hoi la trén

80% (co san noi dung trong database). Nguyen nhan 15i
chu yéu la do qua trinh chuyén doi text-giong noi tir
Rasphberry nhiéu khi chwa chinh xac. So sanh hiéu qua
doc bai giang tir cac dinh dang file khac nhau dugc thé
hién nhu trong Hinh 14, trong d6 dinh dang file .pdf c6
két qua cao nhat. Ngoai ra, ching t6i ciing 1lam mot phép
so sanh hi¢u qua gitra viéc Rasphberry su dung cau tra
I6i 6 san trong database cuc bo va viéc tyu tim kiém théng
qua API, dugc thé hién trong Hinh 15. Két qua cho thiy
ty 1€ thanh cong cua tinh nang tra 161 cau hoi khi sir dung
API la thdp hon, khoang trén 50%. Nguyén nhén la do
qué trinh tim klem ndi dung trén web chua chinh xac va
tinh nang nay can phai cai thién thém.
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B chinh xac(%)

Cuc b API
Database

Hinh 15: So sdnh tinh ndng tra 1oi thiac mdc sinh vién vé
ngi dung mén hoc

V. KET LUAN

Trong nghién ctu nay, ching t0i da dé xuét thiét ké
mot nén tang mé hinh trg giang sé c6 thé dwoc sir dung
trong viéc giang day tai cac I6p hoc théng minh hoic cac
phong lab thuc hanh dé quan ly tw dong I6p hoc va ho tro
cho sinh vién hoc tap. Nén tang duoc dé& xuat bao gom 4
thanh phan 12 mé-dun loT gateway st dung Raspberry Pi,
mo-dun 10T node su dung chip Arduino UNO, IloT
network str dung mang Zigbee va Internet, nén tang ddm
may di¢n tir ThingBoard. Ket qua klem ching thyc té ban
dau cho thdy moé hinh dé xuit chay 6n dinh va thuc hi¢n
duoc céac tinh nang co ban caa mot trg giang s6 nhu trong
thiét ké. Cac két qua ap dung cho thay tinh hiéu qua cua
mo hinh dé xuat, cé thé trién khai that nghiém tai cac lop
hoc/lab théng minh. Trong tuong lai, ching toi sé& tiép tuc
cai thién do chinh xac va tich hop thém cac tinh nang
théng minh hon cho m6 hinh nhu tinh nang xac thyc
giong ndi, tinh ndng hoc haéi théi quen hoc tap cua sinh
vién dé nang cao hiéu qua hd trg hoc tap-giang day.
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DESIGN OF DIGITAL TEACHING ASSISTANT
MODEL USING Al AND IOT TECHNOLOGIES

Abstract: In this article, the digital teaching assistant
platform applied in university curricula, is designed using
Al and loT technologies. The designed ideas have
covered some important aspects of a building platform
including easy to implement, low-cost, ability to data
acquisition and control, easy to expand multi-node
connection. The digital teaching assistant platform
includes 4 components such as a processing center device
using a embedded computer Raspberry Pi 4; 10T node
using  sensors, cameras, mics and  Arduino
microcontrollers; 10T networks use Zigbee and Internet to
exchange data between 10T node and processing center;
Cloud computing data storage server using ThingBoard
loT. The results show that the proposed digital teaching
assistant platform runs stably and can meet the
requirements of data acquisition, transmission and
controls devices quite accurately. Moreover, it is easy to
deploy in smart classrooms or practice labs to support
classroom management and student learning.

Keywords— Digital Teaching Assistant, Atrtificial
Intelligence (Al), Internet of Things (10T), Raspberry Pi
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