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Tom tit: Chuyén doi s6 trong gido duc dai hoc nhitng nam gan ddy da thic ddy sw xuat hién ciia cac mé hinh phong thi
nghiém ao va giai phap hoc tdap thong minh. Ddac biét, cac mon hoc thugc linh vuc Internet of Things (IoT) doi hoi sinh vién
phdi vira ndm vieng Iy thuyét vira c6 kha nang thiee hanh véi phan ciing thiee té. Bai bdo nay dé xudt va trién khai phiong
phap giang day tich hap nen tang mo ) phong Wokwi va cong nghé tri tué nhan tqo tai bién (Edge Al) dua trén TensorFlow
Lite trong baz hoc vé cam bién nhiét do—do am DHTI1. Mé hinh giang day méi chuyén doi hoan toan tie phong thi nghzem
vét Iy truyén thong sang mé hinh thwe hanh lai (hybrid virtual-physical), tang kha ndng mo rong, gidam chi phi phan ciing,
dong thoi nang cao ndng lyc thiét ké hé thong théng minh cho sinh vién.

Tir khéa: chuyén doi sé gido duc; Wokwi; Edge Al; TensorFlow Lite; Internet of Things; DHTI1; phong thi nghiém
do; hoc may tai bién.

APPLICATION OF WOKWI AND EDGE AI IN TEACHING THE INTERNET
OF THINGS COURSE ON DHT11 TEMPERATURE AND HUMIDITY SENSORS

Abstract: Digital transformation in higher education in recent years has promoted the emergence of virtual laboratory
models and smart learning solutions. In particular, courses in the field of the Internet of Things (loT) require students to
both master theoretical knowledge and develop practical skills with real hardware. This article proposes and implements
a teaching method that integrates the Wokwi simulation platform and Edge Artificial Intelligence (Edge Al) technology
based on TensorFlow Lite in a lesson on the DHT11 temperature and humidity sensor. The new teaching model shifts from
a traditional physical laboratory to a hybrid virtual-physical practice model, thereby increasing scalability, reducing

hardware costs, and enhancing students’ ability to design intelligent systems.
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I. PAT VAN PE

Céac mon hoc vé Internet of Things (IoT) truyén
thong thuong dua vao phong thi nghiém vat ly véi
phan cimg dat do, kho bao tri va giéi han vé sd
lwong. Piéu nay dan dén su chénh léch dang ké
trong muc do tiép can va toc do thyc hanh cua sinh
vién. Trong bbi canh chuyén 601 sO gido dyc va su
phat trién manh mé cua cac nén tang mo phong,
viée tai cAu tric cac phong thi nghiém theo hudng
40 hoa va thong minh tro thanh nhu cau cap thiét.

Bai bao nay gidi thiéu cach tich hgp Wokwi —
nén tang mo phong phan cing chinh xac cap chu
ky —v6i cong nghé Edge Al thong qua TensorFlow
Lite for Microcontrollers dé giang day cam bién
DHTI11. Muyc tiéu la xay dyng mdt mé hinh hoc
tap hién dai, linh hoat, t6i wu chi phi va cé kha
nang mo rong cho cac 16p hoc dong sinh vién.

II. NOI DUNG NGHIEN CU'U

2.1. Co sé Iy thuyét va cong nghé nén ting

2.1.1. Wokwi — nén tang mé phong phan cimg
chinh xdc cdp chu ky

Wokwi la nén tang mo phong phan cimg truc
tuyén duoc thiét ké dé hd trg 1ap trinh hé thong
nhung theo mo hinh “emulator thoi gian thuc”, tai
hién hoat dong cta vi diéu khién va linh kién ngoai
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vi v6i d6 chinh xac cap chu ky. Khéc véi cac trinh
md phong truyén théng chi mé phong hanh vi ¢
muc logic cao (high-level simulation), Wokwi
mo phong truc tiép cac tin hiéu dién tr dang
waveform va timing theo dtng dic tinh ctia phan
ctng that (Wokwi Docs, 2025, tr. 12-18). Diéu
nay gitp viéc kiém thir phan mém nhung dat do
chinh x4c gan twong duong véi thir nghiém trén
phong thi nghiém vt ly.

Hé sinh thai Wokwi hd trg nhidu nén tang
phan cimg phd bién nhu Arduino Uno/Pro Mini
(ATmega328P), ESP32/ESP32-S3  (Arduino/
ESP-IDF), Raspberry Pi Pico/Pico W (C++/
MicroPython) cung hon 200 loai linh ki¢n ngoai
vi. DPac biét, Wokwi mé phong chinh xac giao thirc
1-Wire ciia cam bién nhi¢t d6 — d6 am DHT11
theo dung dac ta cua Aosong Electronics (2025),
bao gém:

- Tin hiéu khoi tao 18 ms tir vi diéu khién,

- 80 ps phan hoi mirc thip va 80 us muc cao
tu DHT11,

- Chu ky truyén ting bit dai 50 ps,

- Phan biét bit “0” (26-28 pus) va bit “1” (70 us)
dua trén do rong muirc cao (Aosong, 2025, tr. 4-7).
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Sinh vién c6 thé quan sat dang song thoi gian
thuc thong qua oscilloscope 4o giup viéc phan
tich 16i trd' nén truc quan, dic biét trong cac tinh
hudng sai chu ky hodc xir Iy bit khéng chinh xéc.
Theo Wokwi Docs (2025, tr. 14—15), nén ting nay
hd tro mé phong chinh xac t&i mirc cho phép kiém
tra cac ham xir 1y ngat (interrupt-driven) hoic
timing tinh vi nhu “busy-wait delay” v6i sai sb
dudi 1 ps. Ngoai ra, Wokwi mang lai cac lgi ich
su pham quan trong:

- Tinh 1ap lai thi nghiém (repeatability): moi
tin hiéu luén on dinh — dé so sanh két qua giira
sinh vién.

- Khong gidi han phan ctimg: mdi sinh vién c6
thé mo phong nhiéu mach song song.

- Trién khai cuc nhanh: khong can lip day,
tranh 16i khi thuc hanh DHT11

- Chia sé dy an tuc thoi: giang vién c6 thé kiém
tra tién do truc tuyen

- Véi cac vu diém trén, Wokwi dong vai tro
nhu mot phong thi nghiém ao chi tiét, ho tro qua
trinh giang day IoT theo mo hinh hybrid hién dai.

2.1.2. Edge Al va TensorFlow Lite trén thiét bi nhiing

Edge Al (tri tué nhan tao tai bién) 1a hudng tiép
can trong d6 cac mo hinh hoc may dugc trién khai
va thyc thi truc tiép trén thiét bi IoT hodc vi diéu
khién, thay vi phu thudc vao ha téng dam may. Theo
Chen & Ran (2019, tr. 1658-1662), Edge Al giup
gidm do tré xir 1y, ting tinh rieng tu dir liéu va cho
phép thlet bi hoat dong trong moi truong khong cd
két ndi mang. Pay 1a xu hudng tat yéu trong cac hé
thong IoT thong minh tir ndm 2023 tré di.

Trong gido duc hé thong nhiing, viéc dua Edge
Al vao bai hoc gitp nguoi hoc khdng chi dung lai
& mirc doc dit liéu cam bién ma con biét cach: thu
thap dir liéu, hudn luyén mé hinh, trién khai mo
hinh 1én thiét bi, va danh gia hiéu nang truc tlep
trén moi truong van hanh that. Didu nay rat ngan
khoang cach gitra nd1 dung giang day va cong
ngh¢ cong nghiép.

i) TensorFlow Lite (TFLite)

TensorFlow Lite 1a phién ban rut gon cua
TensorFlow, dugc Google phat trién nham hd trg
chay mo hinh hoc may trén thiét bi han ché tai
nguyén. Theo TensorFlow Authors (2025, tr. 33—
49), TFLite ap dung cac k¥ thuat toi uvu nhu luong
tur hoa (int8/full-integer quantization), nén trong
s6 (weight clustering) va toi wu kernel dé giam
kich thudc mo hinh tir 3 dén 8 lan ma khong anh
hudng 16n dén d6 chinh xac. TFLite ddc biét phu
hop cho cac bai toan:

- Phén loai cam bién,

- Dy doan chudi thoi gian (temperature
forecasting),
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- Phat hién bat thuong moi
(environmental anomaly detection),

- Phan vung dit liéu (k-means, PCA nhe).

ii) TensorFlow Lite for Microcontrollers
(TFLM)

TFLM la phién ban t6i uu héa sau cho cac bo
vi diéu khién khong c6 hé diéu hanh (bare-metal).
Theo Abadi va cong su (2024, tr. 8-15), TFLM
c6 thé chay mo hinh kich thude 50-500 KB, yéu
cau RAM tir 8120 KB, phu hop véi céc nén tang
gi4 ré pho bién trong 16p hoc nhu ESP32-S3 hoic
Raspberry Pi Pico W. Mot s6 dic diém ndi bat:

- Khong can hé diéu hanh, mé hinh chay theo
vong 1dp chinh (main loop).

- b6 tré thap (<100 ms) voi ddu vao 2—6 thude
tinh, phu hop cho bai toan DHT11.

- Tbi wu nhéan xtr Iy ma tran cho kién tric Xtensa
(ESP32) va ARM Cortex-M0/M4 (RP2040,
STM32).

- Tiét kiém nang luong, quan trong trong cac
bai thuc hanh thiét bi chay pin.

iii) Vai tro trong giang day cam bién DHTI1

Khi ap dung vao bai hoc DHT11, Edge Al cho
phép sinh vién thuc hién dugc cac tinh nang nhu:

- Xay dung m6 hinh phét hién bat thuong nhiét
d6, do am tir dit liéu thu trong 16p,

- BPong gb61 mo hinh thanh file .tflite,

- Trién khai 1én ESP32 hodc Pico W chi véi
mét b kernel t6i thiéu,

- Banh gid dg tin cdy mo hinh theo thoi gian thuc.

Diéu nay mo rong pham vi bai hoc tor “doc
dir liéu cam bién” sang “xdy dung hé théng IoT
thong minh”.

2.2. Quy trinh trién khai giang day

Pé trién khai tmg dung giang day tich hop nén
tang mo6 phong Wokwi va cong nghé tri tu¢ nhan
tao tai bién, ching t6i dua ra quy trinh trién khai
giang day duoc tién hanh qua 3 budc: (1) Lam
quen giao thtc va tin hiéu DHTI11 trén Wokwi,
(2) Tich hop Edge Al — Nhan dién bit thuong,
(3) Thuc hién dy an théng qua chu dé “Nha kinh
thong minh Edge AI”.

- Buoc 1: Lam quen giao thuc va tin hiéu
DHTI1 trén Wokwi

Sinh vién dwoc cung cdp du 4n miu trén
Wokwi. Tai day, sinh vién c6 thé quan sat dang
song 1-Wire qua oscilloscope ao, thyc thi mé va
hiéu 5 cach truyen 40 bit dir liéu cia cam bién
DHTI11 trudc khi tiép xtic phan cimg that.

- Buéc 2: Tich hgp Edge Al — Nhan dién bat
thuong

Sinh vién dugc hudéng dan xay va trién khai
trén thiét bi bién thong qua TensorFlow Lite. Mau
mi ngudn (MicroPython — ESP32/Pico W):

truong



TAP CHI TAM LY - GIAO DUC

import numpy as np

sensor =
interpreter =

def read and infer():

dtype=np.float32)

input_data)
interpreter. invoke ()

# DHT11l + Edge AI anomaly detection
import machine, time, dht, network

from tflite runtime.interpreter import Interpreter
dht.DHT11l (machine.Pin(4))

Interpreter (model path="anomaly model.tflite")
interpreter.allocate tensors()

input det = interpreter.get input details()
output_det = interpreter.get output_details()

try:
sensor.measure ()
temp = sensor.temperature ()
hum = sensor.humidity ()

input data = np.array([[temp, hum]],

interpreter.set tensor(input det[0]['index'],

sSCcore =

print (£"T:
{score:.3£}")
if score > 0.70:

except OSError:

while True:
read_and_infer()

time.sleep(5)

interpreter.get tensor (output det[0]['index']) [0] [0]
{temp:.1£f}°C H:

print (">>> CANH BAO: Phat hién bit thuéng!")

Erint("Léi doc cam bié&n")

{hum: .1f}% Score:

- Buoc 3: Thuc hién du an nhém "Nha kinh
thong minh Edge AI"

Du 4n “Nha kinh thong minh Edge AI” hudng
dén mo hinh hoa mot hé sinh thai ndng nghiép sb
hoéa, trong d6 cam bién, b diéu khién va thuét
toan hoc mdy duogc trién khai truc tiép tai bién
dé dam bao tinh ty chii va do tré thap. Quy trinh
trién khai dugc cdu trac gdm ba budc nham dam
bao tinh khoa hoc, kha nang tai 1ap va hi¢u qua
van hanh.

(1) M6 phong ha ting cam bién — diéu khién
trén Wokwi: Giai doan nay tap trung xay dung mo
hinh nha kinh vé&i cdc cam bién nhiét do, do am,
anh sang va mo-dun diéu khién quat, may phun
swong hodc dén LED. Wokwi cho phép thiét ké
so d6 mach, biéu dién tin hiéu va kiém thir logic
phan cing trong thoi gian thuc, tao nén tang viing
chic cho viéc tich hop Al

(2) Tich hop Edge Al vao vi diéu khién: Cac
mé hinh AI nhe (TinyML) duoc huin luyén
ngoai tuyén bang dir liéu moi trudng va sau do
trién khai 1én vi diéu khién (nhu ESP32). Edge
Al giup hé théng tu du dodn xu hudng vi khi hau,
ty diéu chinh thong gid — tudi tiéu ma khong can
phu thudc hoan toan vao két ndi dam may, tir do
tang tinh bén vitng va d6 an toan van hanh.

(3) Hiéu chinh va danh gi4 theo tiéu chuan thir
nghiém: H¢ théng duoc kiém dinh thong qua bo kich
ban mo phong da diéu kién dé danh gia do 6n dinh, d6
chinh x4c va muc tiéu thy ning luong. Cac tham s6
van hanh dugc tinh chinh nham t8i wu hoa phan hoi
thoi gian thyc, huéng dén kha nang mo rong cho cac
mo hinh néng nghi€p thong minh quy mo lon.

1. KET LUAN

Su két hop giita Wokwi va Edge Al da tao nén
budc chuyén mang tinh h¢ hinh trong giang day
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IoT, dic biét & chuyén dé cam bién DHT11. M6 nay mé rong bién do sang tao, ting kha nang chii
hinh hybrid virtual-physical giup giang vién tinh dong kham pha va nang cao ky nang phan tich, xu
gian dang ké khau chuin bj thiét bi, ddng thoi 1y van dé theo chuén tiép cn cua cac phong thi
giam 4p luc chi phi phan cing. Dbi véi sinh vién, nghiém hién dai.

moi truong mo phong — thuc nghiém tich hop
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