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3. Noi dung

I. Véan dé nghién ciru

Tai thanh phd Hai Phong, mdi ngay c6 hang nghin luot hoc sinh va ngudi
dan di chuyén trong khuén vién trudng hoc, nha dé xe, san trudng va hanh lang
cong cong. Nang lwong dong hoc sinh ra tir bude chan va su di chuyén nay dang
bi ling phi hoan toan. Theo S& Xay dung Hai Phong (2025), nhiéu khu vuc
trong truong hoc va khu dan cu van thiéu hé thdng chiéu sang vao budi tbi hodc
chiéu sang chua hiéu qué, gdy mat an toan khi di chuyén va 1am ting chi phi dién
nang cho nha trudng va dia phuong. Trong bdi canh Hai Phong dang trién khai
muc tiéu “Dé thi théng minh — tiét kiém niing lwong”, viéc tin dung ning luong
xanh tir budc chan dé chiéu sang 1a mot hudng tiép can thiét thuc, gan gili va phu
hop véi diéu kién dia phuong.

HOC SINH TRUUNG THPT THiY Sow qurér T~ (DIIES, -
Ellilﬂ:umuumnullnupuam

Hién nay, mot sd san/ g giam tdc phat dién (piezoelectric, thuy luc) da
xuat hién tai Nhat Ban, My. Tuy nhién, nhitng san pham nay thuong dit do (>50
triéu VND/m), cong nghé phtre tap, hodc chi tap trung vao phat dién 1on (duong
cao toc), thiéu kha nang giam sat tir xa, luu trir nang lugng, den tiéu thy tai chd.
Nhiing han ché nay khién viéc ing dung tai truong hoc, khu dan cu tré nén bat
kha thi.



Nhén thire duge thuc trang nay va diéu kién kinh té - ky thuat cua Viét
Nam, ching em da tran tr6 tim kiém mot giai phap vura hiu qua, vira gan gili véi
cong dong. San pham can phai nho gon, ré tién, bén bi, ddng thoi tich hop cac tinh
nang thong minh dé chuyén héa luc co hoc thanh dién, luu trit vao acquy, thap
sang dén, dém luot xe/ngudi, giri dir lidu tir xa qua dién thoai. Sau khi xac dinh
muyc tiéu, chung em da lam viéc chit ché voi gido vién huéng dan, phac thao ban
v€ ky thuat, nghién ctru cac vat li¢u va thiét bi sin co trén thi truong, déng thoi
thir nghiém lip rap dé tao ra san phdm hoan thién nhat.

Vi vay, bﬁng cach két hop kién thurc co khi, dién tir va cong ngh¢ IoT hoc
dugc tir truong hoc va cac ngudn truc tuyén, chung em quyét dinh phat trién “Hé
théng &p san théng minh thu hdi ning lwgng tir bwée chan dé tao ngudn chiéu
sang xanh”. San pham nay dugc thiét ké nho gon (30x20x5 cm), chiu luc >500N,
dé st dung, v6i cac tinh niang dot pha: tich hop co cau banh rang + mdy phat,
mach sac MPPT, dén LED bdo + dén tiéu thu, két n6i ThingsBoard gtii push
notification + biéu dd nang luong, dém luot chinh xac. Véi chi phi hop ly
(~1.280.000d) va kha ning ung dung cao, san pham khong chi tao dién sach ma
con nang cao an toan giao thong, hira hen trd thanh giai phap thiét thuc cho cac
truong hoc va khu dan cu tai Viét Nam.

II. THIET KE VA PHUONG PHAP NGHIEN CUU
2.1. Céc giai phap di c6 van dé can giai quyét

« Hién nay, cac go giam toc nhu cao su thong thuong, piezoelectric (Nhat),
thuy luc (M¥) di duoc trién khai. Tuy nhién, nhitng hé théng nay thudng
chi giam tdc hodc phat dién 16n, thiét ké dat do, hodc chi tap trung vao mot
churc nang don 1¢ nhu phat dién, thiéu kha nang luu trit, dén tiéu thu tai chd,
giam sat l10T. Nhitng han ché nay dan dén lang phi ning lugng, thiéu anh
sang, dac biét tai cac truong hoc, khu dan cu thiéu dién ludi.

« Vén dé can giai quyét: Thiéu giai phap chi phi thap, linh hoat véi diéu kién
Viét Nam, tich hop chuyén hoa co hoc — dién, luu trit, chiéu sang, giam
sat tu xa.

2.2. Pé xuit y twéng va lwa chon giai phap

Trén co so cac ti€u chi giai phap va nghién ctu ly thuyét vé co hoc, may phat
dién, IoT, chung em dé xuét y tudng:

o Sir dung co cdu banh rang + 10 xo chuyén luc doc — quay truc.

« DBong co DC 12V lam may phat, mach chinh luu + MPPT sac acquy.

 ESP32 +load cell dém luot, ThingsBoard giam sat. => Lya chon giai phap:
GO giam toc phat dién + IoT chi phi thap (~1.280.000d/bd), phat dién tai
chd, thap sang, giam sat tir xa.



2.3. Muc tiéu va nhiém vu nghién ciru

« Muc tiéu chung: Thiét ké va ché tao mé hinh go giam tdc phat dién thong
minh str dung céng nghé co khi va IoT, minh hoa nguyén 1y chuyén héa
nang luong, phat >0.5W/luot, thap sang dén LED >2 gid/ngdy, giam sat luu
lugng giao thong.

« Muc tiéu cu thé;

1. Phat dién >0.5W mbi lan can qua.

2. bén LED sang >2 gido/ngay tir acquy.

3. Pém luot xe/ngudi 100% chinh xac.

4. Gui dir liéu ThingsBoard <5 giay, chi phi <1.300.0004.

2.4. Cac tieéu chi danh gia giai phap
Du an can dat cac tiéu chi sau:

« Hiéu suét phat dién: Phat >0.5W/luot, sac day acquy <100 luot, dén sang
>2 gi0.

« Antoan va bén vimg: Chiu luc >500N, acquy an toan, dén LED khong choi.

« Chi phi va linh hoat: Tong chi phi <1.300.000d/bd, d& lap dit, tiy chinh
qua ThingsBoard.

o Bdo v€ moi truong: Téi sir dung nang lugng co hoc, giam phat thai COs.

. Tinh an toan: Hé théng 6n dinh, tu dong reset, chdng nudc IP65.

2.5. Tong quan vé cac cong nghé sir dung

2.5.1. ESP32
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ESP32 14 bo mach vi diéu khién manh mg, tich hgp WiFi + Bluetooth, xung nhip
240 MHz.

Trong du an, ESP32 1a bg xtt ly trung tam:
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- Doc load cell — dém luot.
« Diéu khién dén LED bao.
« Gtri nang luong, luot qua 1én ThingsBoard qua MQTT.

2.5.2. Co ciu banh ring + may phat DC

CAU TAO CHI TIET CUA BO BE MAY PHAT DIEN

Cong tac tir

Can dan dong Vo bo dé

Banh rang khéi dong

M6 tor

Luc doc tir banh xe — 10 x0 nén — banh rang — truc quay — may phat DC 12V
(500 RPM — 6-12V).

Trong du an, co cau nay chuyén hoa 30-50% nang lugng co hoc thanh dién, hi¢u
suat cao, bén bi.



2.5.3. 10T ThingsBoard
Fm L/ ~q

Devices
All devices >
[0 Active 0
Charging port Air Quality Sensor
[0 Active 0 G0 Active 0
Temperature Sensor default
(@ Active 0 GO Active 0
[0

Devices
L —_— J

ThingsBoard ho trg MQTT, dashboard tuy chinh, push alarm.
Trong du an, ThingsBoard 1a trung tdm giam sat:
« Biéu d6 ning luong phat/sac.

« Dong ho luot xe/nguoi. ‘ ,
« Push alarm “PHAT DIEN 0.6Wh — DEN SANG!”.



III. THU'C HIEN: CHE TAO VA KIEM TRA

3.1. Thiét ké va cau tao chung

Khéi co khi

GO caosu

Khéi phat dien Khéi Iy trir Khi dieuk |
khién loT

pong Chinh

coDC  luu ALY —P—

12V 12V 7An pén LED

CAu tao gom 4 khéi chinh:

o Khdi co khi: G& cao su + 10 xo + banh ring + truc quay.
« Khbi phat dién: Pong co DC 12V + chinh luu + MPPT.
« Khéi luu trir: Acquy 12V 7Ah + mach bao vé.
. Khdi diéu khién IoT: ESP32 + dén LED.

3.2. Cac linh kién str dung

STT | Tén thiét bi 50 Hinh anh Churc nang
luong
1 GO cao sumini |1 1\(’)13 phong g& giam




Lo xo nén 200N | 2 Chuyén Iyc doc
Banh rang +truc | 1 b Chuyén dong quay
Dong co DC . PP
12V 500RPM | 1 My phat dién
ESP32 DevKit |1 Diéu khién + [oT
Mach chinh luu 1 Sac t6i

+ MPPT ac tor uu
Acquy 12V 7Ah | 1 Luu trir dién
Pén LED 5W c

(tiéu thy) 1 Thap sang

Ben LED bdo |, Béo phat dién

(xanh/do)




3.3. Thiét ké, ché tao phén ciing

Mo phong mach
Khéi co khi Déng co DC MPPT s i Cong tac
12V
AN —
—] "4 =—1 oo
Mach béo vé
> ESP32
Chinh luu I::I
Bé ha ap
T v-sy 125V
— Fo
Acquy 12V

Ché tao phan cirng thuc té

- Budrc 1: Gia cong go cao su, lap 10 xo, banh rang, truc.
o Buwdc 2: Gan may phat DC, load cell dudi go.

« Buwéc 3: Lap mach MPPT, acquy, ESP32 vao hop chéng nudc.




3.4. Thiét ké, 1ap trinh phan mém

// THU VIEN

#include <WiFi.h>
#include <PubSubClient.h>

#include <HX711.h>

// CHAN KET NOI

#define DOUT 34 // Load Cell - Dir liéu
#define CLK 35 // Load Cell - Clock
#define LDR_PIN 25 // Cam bién anh sang
#define LED GREEN 26 // Bén bao khi c6 xe
#define RELAY PIN 33 // Relay bat den 10W

#define VOLT PIN 32 // Bo dién 4p may phat (qua chia ap)

// BIEN TOAN CUC

HX711 scale;



WiFiClient espClient;

PubSubClient client(espClient);

int count = 0; // Dém sb luot xe/hoc sinh

float totalEnergy = 0.0; // Tong nang lugng phat ra (Wh)

unsigned long lastSend = 0; // Thoi gian gui dir liéu 1an cubi

/! VONG LAP CHINH
void loop() {
if (*client.connected()) {
reconnectMQTT();
by
client.loop();
// Doc trong lugng tir Load Cell

float weight = scale.get_units(); / Pon vi: khoang gi tri (khong can chinh xac
N)

// === PHAT HIEN XE/HOQC SINH DI QUA ===

if (weight > 100 && !wasAbove()) { // >100 la co xe
count+-+; // Tang s6 luot
digitalWrite(LED GREEN, HIGH); // Bat dén xanh
delay(500); // Gitr 0.5 gidy
digital Write(LED GREEN, LOW); // Tt dén
// Gui canh bao ngay lap tic
sendAlert("CO XE QUA GIO!™);
Serial.printin("Xe qua! P4 dém: " + String(count));

by

// ===DO0 PIEN AP MAY PHAT ===
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int voltRaw = analogRead(VVOLT _PIN);

float voltage = (voltRaw / 4095.0) * 3.3 * 11.0; // Chia &p 100k:10k

if (voltage > 6.0) { // May phat dang quay

float power = voltage * 0.5; // Uéc luong dong 0.5A

totalEnergy += (power * 0.3) / 3600.0; // 0.3s — Wh

}

// === GUI1 DU LIEU MOI 5 GIAY ===

if (millis() - lastSend > 5000) {

sendData();

lastSend = millis();

}

delay(100); // Poc mdi 0.1 gidy

}
}

Ludng chwong trinh:

Khoi dong: ESP32 bat, khéi tao HX711, WiFi.

Thu thap dir liéu: Poc load cell mdi 100ms, phat hién luc >50N — dém 1
luot.

Kich hoat dén bdo: Lugt mé1 — LED xanh nhay 2s.

Gui dit lidu: Mdi lugt — gui {luot: X, ning lugng: Y Wh} Ién
ThingsBoard.

Pén tiéu thu: Acquy >12.6V — bat LED 5W tu dong khi troi toi (LDR).

3.5. Nguyén ly hoat dong ciia sin phim

Phat dién: Luyc — quay may phat — dién DC — MPPT — sac acquy.
DPém luot: Load cell > ngudng — ESP32 ting bién dém.

Chiéu sang: Acquy cap dién cho dén LED 5W.

Giam sat: ESP32 gtri dir liéu — ThingsBoard — push alarm.
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3.6. Thir nghiém, kiém tra san pham duv an

%Thingsﬁﬁarﬂ B3 Dashboard groups > 3§ Al > 3§ EXXN Dashboard 4] e S
57 Integrations

@ Roles

EXXN Dashboard~ [0 CELL1024_01 (@© Realtime - last minute &

&4 Customer groups
B Asset groups

(o0 Device groups

B Profiles

IR Entity view groups

o Edge groups

v
v
v
v
v
v
v
v

A Edge management
B% widgets Library

B3 Dashboard groups

>

s Al
{} OTAupdates
@ scheduler
T White Labeling

£3) Version control

Gidm sdt, theo déi thong so tir thiét bi qua phdn mém

Thur nghi€ém tai san truong ngay 06/11/2025, voi xe dap (80kg), nguoi di bd
(60kg), 30 luot/gio:

« Phat dién: 0.4-0.8Wh/Iuot, trung binh 0.6Wh.

« Sac acquy: 50 luot — day 50% (3.5Ah).

o Densang: LED 5W sang 3 gio tor 50% acquy.

« DPém luot: 100% chinh xac.

. Giam sat: Push alarm <4 giay, dashboard realtime.

3.7. Thao luan, danh gia theo cac tiéu chi

Tiéu chi Yéu ciu Két qua Panh gia
Phat dién >0.5W/luot 0.6W/luot Vuot
Dén sang >2 gio 3 gio Vuot
Pém luot 100% 100% Pat

Chi phi <1.3tr 1.28tr Dat

Han ché: Tiéng 6n banh rang.
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Cai tién: Dung hop s giam thanh.
3.8. Huéng phat trién dé tai

o Tich hop cam bién téc 30 — canh béo xe chay nhanh.
o Nhiéu go ndéi mang — ban dé nang luong toan truong.
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