ESP32 - The Cube

e MOt du &n "out of the box" - dy an dau tién trong hanh trinh tim hiéu vé 1ap trinh nhing
(embedded programming)

e Dy an dau tién nay sé phat trién mot pet robot dé ban tuong tu nhu Dasai Mochi Robot

Tinh nang chinh:

o Hién thi bi€éu cam ngau nhién

o Hién thi biéu cam khi tuong tac cham

o Phat am thanh, nhac

o Tuang tac vGi GenAl bang giong ndi (cap nhat sau)

Chuén bi
Chuong 1: Phan clng

o Phan 1: Nhirng mdi han dau tién

o Phan 2: "Hello World!!!"

o Phan 3: Man hinh

o Phan 4: Thé nhé



https://dasai.com.au/collections/mochi-dasai
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e Linh kién can thiét

e ESP32-C3 SuperMini (ESP32-C3 SuperMini datasheet.pdf). Ban dau linh kién nay dugc
str dung do nhé gon va di manh dé cé thé nhét vao trong khung in 3D.

e Module thé nhé TF V474 va thé nhé MicroSD 2GB. Dung dé luu trir dir liéu vi bd nhé
trong ctia ESP32 C3 la rat nhd (4MB).

e Module khuéch dai MAX98357A va loa 4ohm 3W. Chac chan la dung dé phat &m thanh
réi. Nhung can dung MAX98357A vi tin hiéu dién dau ra ctia ESP32 la rat nhé khong dua
dé phat am thanh qua loa.

e Pin 3.7v va mach sac HW-373. Chac chan la dé cap nguén chi con lam gi nira.

e Cdm bién cham TTP223. D& ngudi dung co6 thé tuaong tac vdéi robot (pet ma :)))))

e Man hinh TFT 1.3in 240*240 IC ST7789VW. D€ hién thi biéu cam cua robot. Ban dau s
dung man hinh OLED don sac 0.96in nhung gap 2 van dé:

o Giao tiép 12C téc d6 cham hién thi hinh anh khéng dugc mugt.
o Man hinh don sac hién thi hinh anh khong c6 chi tiét, xau.
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Phan mém can thiét

e VSCode va plugin PlatformlO. Chac chan la dung dé lap trinh réi.

o VSCode dugc sir dung do minh da quen dung tur trudc

o Manh hon Ardruino IDE. C6 ggi y code...

o Nhe han Clion nhung van day da tinh nang can thiét

Mot vai kién thuc khac véi ESP32

Giao ti?p v?i ESP32

...............................................................................................................................................................................

S6 day can

i Kiéu giao tiép

S6 thiét bi

¢ Toc dd

Do phuc tap

Uu diém

: Nhuogc diém

Ung dung

12C (Inter-
Integrated Circuit)

2 (SDA, SCL)

Pong bo (cbd clock)

+++ (thiét bi cé dia
chi riéng)

Théap (100kHz - vai
MHz)

it day => dé néi

Tiét kiém chan
Dé thém thiét bi

Toc d6 han ché
Dé xung doét

Cam bién, man hinh
OLED nhd....

Cac chan trén ESP32

Trén ESP32 c6 nhiéu chan sé dugc dung chung vdéi nhiéu thiét bi khdc nhau. Nén can nhac dé€ han

chan sao cho hgp ly.

12S (Inter-IC
Sound)

3 (BCLK, LRCLK/WS,
DIN/DOUT) c6 thé cb
thém MCLK

Péng bo (cb clock)

1 master vs 1 slave
hoac 1 master nhiéu
slave vdi thiét bj chia

Cao (vai MHz tuy cau
hinh)

Phlrc tap, can cau
hinh va dinh dang d{r
liéu dang

Chuén héa cho audio
Chat lugng cao
Hé trg DMA

Chi dung cho Audio
Khé quan ly véi
buffer audio I6n

Dé nhiéu trén day dai

XUu ly am thanh (thu,
phat, truyén...)

Dung chung cho t?t c? cac module

SPI (Serial
Peripheral
Interface)

4+ (SCK, MOSI, MISO,
CS/SS)

Pong bo (cb clock)

+++ (mbi thiét bi
can moét day CS
riéng)

R&t cao (vai MHz dén

vai chuc MHz)

Phlrc tap, tén chan
GPIO

Téc db cao
Truyén dugc dir liéu
I6n

Thiét k& phtrc tap
Tén chan

Man hinh TFT, thé
nhg,...

UART (Universal
Asynchronous :
Receiver/Transmitt :
er) :

2 (TX/RX)

Khoéng dong bd
(khéng can clock)

1 master vs 1 slave

Thap (9.6kbps - vai
Mbps)

it day => dé néi
bon gian

Chi c6 thé két noi 1 -
1

Giao tiép véi PC, GPS,
GSM... :



Tat ca cac module déu can sir dung dén ngudn (cé thé trén mach ESP32 hoac ngudn cap ngoai).
Can can nhac dé néi chung hoac chon day nguén phu hagp.

e 5V
e 3.3V
e GND

Giao ti?p

Céc chan giao tiép nay nam chung vdi cac chan GPIO cé danh sé. Can check datasheet dé biét
chinh xac n6 nam & dau

e 12C (SDA, SCL)
e SPI (SCK. MOSI, MISO, CS/SS)
e UART (RX/TX)



Chuong 1: Phan cung



Chuong 1: Phan cing

~ m

Phan 1: Nhitng moéi han
dau tién

e Nén doc ky théng tin, tim datasheet véi méi linh kién dé€ ddm bao cé6 thé phuc vu nhu
cau va tinh tuong thich véi ESP32 cling nhu nhiing linh kién khac.

e ESP32 sé c6 nhiéu chan dugc dung chung véi nhau 3.3V, 5V, GND, 12C, SPI... chan cha y
nhitng chan nay dé ham day cho phu hop.

e Néu c6 thé nén sir dung pin header trén bo mach két hgp véi breadboard va cac
jumper wire dé thuéan tién linh hoat trong qué trinh phat trién

e Trén mach ESP32 c6 nhing linh kién rat nho rat nhay cam, néu qué nhiét rat dé bong ra
(da chét mét chi€c ESP32-C3-SuperMini vi ly do nay T.T) vay nén hét stic can than khi
han.



Chuong 1: Phan cing

Phan 2: "Hello World!!!"

Giong nhu 1ap trinh phan mém. Lap trinh nhdng cling cé nhitng bai "Hello world!!!".

Trong phan nay ngoai thuc hién log Ién man hinh dong "Hello world!!!" ching ta sé thém mét chat
lién quan dén phan cing la diéu khién dén led trén ESP32

~ N V4
Cau hinh Du an
DE& cau hinh ching ta s dung file platfornio.ini

[env: esp32-c3-devki t m 1]

platform = espressif32 ; Khai bao n?n t?ng s? d?ng

board = esp32-c3-devkitm1l ; Khai béo board, thay ??i v?i nh?ng board khac nhau
framework = ardui no ; Khai bao franmework

lib_deps = ; Khai bao th? vi?n

SPI ;W2 "hello world" thi ch?a c?n ??n th? vi?n nao

SD ;€O th? xo6a b? lib_deps n?u ch?a dung ??n
noni t or _speed = 115200 ; Khai béao t?c ?? giao ti?p Serial Monitor
build_flags = ; T??ng t? nh? Scripting Define Synbols trong Unity
- D ARDUI NO_USB_MODE=1 ; ?n 2 bado 2 tr??ng t??ng t? nh? trong vi d?

- D ARDUI NO_USB_CDC_ON_BOOT=1 ; ?? c6 th? xem ???c | og

Cac ham co ban

/1 MPt file main.cpp ¢? b?n khi lamvi?c v?i ESP32
#i ncl ude <Arduino.h> // Khai bao th? vi?n

/1 T??ng t? nh? Awake trong Unity.

/1 Ham nay ???c g?i 1 |?n khi ESP32 kh?i ?7?ng.
/1 Ding ?? kh?i t?o0, setup...

voi d setup()

{

}

/1 T??ng t? nh? ham Update trong Unity

/1 L?p 1?2 nPi khi cac |?nh bén trong |oop ???c th?c hi?n h?t
voi d | oop()

{

}

"Hello Worlid!!!"



#i ncl ude <Ardui no. h>

/1 Khai bao chan giao ti?p v?i ?en |led
const int LED PIN = 8§;

voi d setup()

{
/1 Setup chan led |a output
pi nMbde(LED_PI N, OUTPUT) ;

/1 Kh?i t?o serial c6 t?c ?? trung v?i t?c ?? ?& khai bao ? platformo.ini
Seri al . begi n(115200);
/1 Ch? ??n khi serial kh?i t?o0 xong ho?c h?t th? gian ch?
unsigned long start = mllis();
while (!Serial & mllis() - start < 2000)
{
del ay(1);
}

/1 Delay 1s ?? c?a s? Serial Mnitor k?p b?t |1én va nhin th?y |og
/1 N?u khéng c6 thi code v?n ch?y ???c nh?ng c?a s? Serial Mnitor b?t |én sau s? khdng nhin th?y |og
del ay(1000);

/1 Hello world ?ay r?i =)))
Serial.println("Hello world!!!");

}

void | oop()

{
digital Wite(LED PIN, LOW; // B?t ?én LED
del ay(100); /1 Ch? 0.1 giay
digital Wite(LED PIN, H GH; // T?t ?én LED
del ay(100); /1 Ch? 0.1 giay

}

Sau khi code xong thi thuc hién

e K&t n6i ESP32 vaéi PC bang cap USB
e Upload and Monitor (trong VSCode > tab PlatformIO trén Activity Bar > Upload and
Monitor)



PLATRORMIO

~ PROJECT TASKS
» @1 Default

~ B3 General
Build
Upload
Monitor
Upload and Monitor
Clean
Full Cleam

Devices

Build Filesystem Image
Program Size

Upload Filesystem Image
Upload Filesystem Image OTA

Erase Flash

> B3 Dependencies
» B3 Advanced

> B3 Remote

» B3 Miscellaneous

~ QUICK ACCESS

Cha dén khi code dugc nap xong. Nhin clra s6 terminal va mong cho két qua:

e DoONg text "Hello world!!!" dugc inra 1 lan
e Trén board ESP32 led xanh nhdy lién tuc

Hanh trinh fix bug dau tién

V?n ?7?

Mac du da nap code thanh céng. BDén nguén cé sang nhung t6i khéng nhan dugc bat ky dong log
nao du cé viét Serial . printin("Hello worldiit"); & setup() hay I oop()

Qua trinh debug

Ki?m tra chip
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Dé ddm bao ESP32 nay khong chét trong lic minh han. Nén minh d& dung code diéu khién led dé
ki€m tra xem né cé con hoat dong binh thuong khéng.

Rat muimng la né con séng. Trudc day vura chét moét con xong (T.T)

=> Van dé cé thé do giao ti€p Serial qua USB

Ki?m tra cac 1?i c?u hinh

Dam bdo téc do nonitor _speed = 115200 la trung nhau trong platfornio.ini va main. cpp
Thi delay trudc khi khéi tao Serial . begi n(115200);

Nhung van dé van khong dugc giadi quyét.

=> C6 thé van dé do driver

Ki?m tra cac moi tr??ng khac

Chuyén sang macOS va st dung CLion vdi PlatformlO => Van khong dugc!!!
Dung Ardruino IDE dé€ code va nap code => Code d& chay va monitor da hién log.
=> Van dé c6 thé do cau hinh

M?u ch?t

So sdnh 2 cach cau hinh thi trén Ardruino IDE cé USB CDC On Boot: "Enabl ed".

Tuong tu thém buil d_flags - D ARDUI NO_USB_CDC_ON BOOT=1 Vao platfornio.ini thi sé gap I6i bién dich
cUa Serial. Can phai thém ca c0 - D ARDUI NO_USB_MODE=1.

Luc nay van dé da duoc gidi quyét.

Gi?i thich

Mach ESP32 - C3 SuperMini dang dung s dung Native USB. Nghia la con chip sé tu minh xt 14 giao
ti€p USB. D€ tinh nang nay hoat déng ddng thi trinh bién dich can thuc hién 2 viéc:

e -D ARDUI NO_USB_MoDE=1: Chuyén ché dd hoat dong clia c6ng USB sang ché d6 CDC
e -D ARDU NO USB cDC_ON Boor=1: Kich hoat ché do CDC ngay khi khéi dong.



Chuong 1: Phan clng

Phan 3: Man hinh

Ok, dau tién minh mudn chon 1ap man hinh trudc.

Man hinh la phan gidp hién thi truc quan nhat. Minh cé thé thay dugc thanh qua cdia minh hién thi

ngay trén man hinh cht khéng phai chi 8 mi Serial . pri nt

Man hinh cling gitip minh kiém tra dugc nhiing 16i phan clirng ma chi dung Serial . print thi khéng

thé tim ra hét duoc.

Lap dat

Man hinh

VCC

GND

SCK

SDA

RES

DC

ESP32-C3

3.3V hoac 5V

GND

GPIO4

GPIO6

GPIO1

GPIO2

Chac nang

Cé&p nguon cho man
hinh.

Clock (SPI)

Data out (MOSI)

Reset

Data/Command

Ly do

Nguon vao tir USB
qua ESP32 c6 thé day
ra thanh 2 nguén
3.3V hoac 5V.

Tao mot diém tham
chiéu chung cho toan
b6 thiét bi trén hé
théng

Man hinh st dung
giao thdc SPI nén can
st dung chan clock
GPIO4 la chan clock
clia mach ESP32-C3
nay

Man hinh nhan dir
liéu tir c6ng ra cla
ESP32

La chén diéu khién
khong yéu cau téc do
cao. Chon bat ky
chan GPIO con trong
thuan tién cho di day

Tuong tu nhu RES. Cé
thé chon chan GPIO
thuan tién

Ghi Chu

Véi nhiing thiét bi
nhe dién. C6 thé sk
dung nguén tur
ESP32.

Chon nguén phu hgp
Vi thiét bj

Toan bo thiét bi déu
can két néi GND

Chan clock c6 thé
thay d6i véi nhimng
board mach khac
nhau. Kiém tra
datasheet dé€ biét
thém chi tiét.

MOSI ciling la moét

chan dac biét trén
ESP32. Chu y kiém
tra datasheet

Tranh chon céc chan
dac biét

Can chu y khai bao
chinh xac trong code



BLK GPIO3 Piéu khién nén cua Tuaong tu nhu RES va
man hinh DC. C6 thé chon chan
thuan tién cho viéc di

day

Kiém tra

Cai ??tth? vi?zn TFT_eSPI

¢4 Arduino and PlatformlIO IDE compatible TFT library optimised for the Raspberry
Pi Pico (RP2040), STM32, ESP8266 and ESP32 that supports different driver chips

Dé thém thu vién ching ta c6 thé thuc hién 1 trong 2 cach sau:

e Truy cap PIO Home - Library — Search TFT_eSPI va cai dat library TFT_eSPI cua Bodmer
e Hodc thém bodmer/ TFT_eSPI vao phan Iib_deps trong file piatformio.ini

Khi d6 file platfornio.ini sé trong nhu thé nay

[ env: esp32-c3-devki t m 1]
platform= platform o/ espressif32 @6.6.0
board = esp32-c3-devkitm1l
framewor k = ardui no
pl at f orm packages =
f ranmewor k- ar dui noespressi f32 @ ~3.20014. 0
lib_deps =
SPI
bodner/ TFT_eSPl @2. 5. 43
noni tor _speed = 115200
build_flags =
-D ARDUI NO_USB_MODE=1
- D ARDUI NO_USB_CDC_ON_BOOT=1

Tiép theo can cdu hinh thu vién dé né tuong thich véi ding phan cing.

Truy cap .pio ? Iibdeps ? esp32-c3-devkitm1 ? TFT_eSPl ? User_Setup.h va thuc hién config tuong
(ng vGi cau hinh phan cing.

/1 Driver c?a man hinh

#define ST7789_DRI VER

#def i ne ESP32_C3_DMA ERROR_WORKAROUND

#define TFT_RGB ORDER TFT_RGB // N?u mau in ra b? sai Blue va Red thi ??i |?i thanh TFT_BGR

/1 Kich th??c c¢c?a nman hinh
#define TFT_W DTH 240
#define TFT_HEI GHT 240

/1 Cac chan k?t n? ?ang ???c s? d?ng
#define TFT_MOSI 6

#define TFT_SCLK 4

#define TFT_CS -1



#define TFT_DC 2
#define TFT_RST 1
#define TFT_BL 3

/1 Tin hi?u b?t/t?t ?én n?n
#define TFT_BACKLI GHT_ON HI GH

/1 Cac font s? ???c conpile

#define LOAD GLCD /1 Font 1 (built-in), required for basic text
#define LOAD_FONT2 /1 Small 16 px font

#define LOAD FONT4 // Medium 26 px font

#defi ne LOAD_FONT6

#define LOAD_FONT7

#defi ne LOAD_FONT8

#define LOAD GFXFF // FreeFonts (optional)

#define SMOOTH FONT // Anti-aliased fonts (needs FS)

/1 T?c ?? SPI
#define SPI _FREQUENCY 40000000
#define SPI _READ FREQUENCY 20000000

Céch nay cé diém yéu la sé bi reset khi Ful | d ean hodc Update/ Re-instal | thu vién. Nhung
trong qua trinh test cac cac setup khac déu gap 16i bootloop do config sai. Nén hién tai van
st dung cach nay dé setup.

"Hello World!"

Tiép theo dé test xem man hinh da duoc setup ddng va phan cing con hoat dong tét hay khéng.
Chung ta sé thir v6i doan code hién thi "Hello world!" trén man hinh.

Truy cap src ? main.cpp Va st dung doan code dudi day:

#i ncl ude <Ardui no. h>
#i ncl ude <TFT_eSPI. h>

/1 T?0 ??i t??ng tft t? th? vi?n
TFT_eSPI tft = TFT_eSPI();

voi d setup() {
tft.init(); // Kh?i t?i tft controller

tft.setRotation(0); // Set h??ng xoay man hinh // S? d?ng cac thams? 0, 1, 2, 3
tft.fill Screen(TFT_BLACK); // Fill toan b? nman hinh b?ng nau ?en
tft.set TextCol or (TFT_GREEN); // Set mau ch?
tft.setTextSize(2); // Set c? ch?
tft.setCursor(0, 0); // Set t?a ?? ?i?mb?t ??u vi?t ch?
tft.printin("Hello World!"); // H ?n th? ch?
}

void loop() {}

Sau d6 thuc hién Upload. Qua trinh Upload c6 thé c6 warning (console mau vang) nhung khéng anh
huéng gi.

Sau khi upload xong ki€m tra man hinh néu hién thi nhu hinh dudi la d& chay thanh céng san
sang cho budc ti€p theo thoi.



Trong truong hop chua hién thi dugc "Hello World!" trén man hinh hay kiém tra cra sé terminal
trén VSCode:

e Néu c6 log chay lién tuc thi rat cé thé ban bi bootloop.
e Néu khéng cé hdy nhan nut Reset trén ESP32 dé ép ESP32 khai dong lai.

Néu van khong dugc thuc hién check list sau:

e Kiém tra cédc chan két n6i ddm bao khéng chén nao bj 16ng.

e Ki€m tra lai file User_Setup. h dam bao da config dang file, dang tham sé.
e DAm bao da khai bdo ding va du file platfornio.ini

e Thuc hién Clean va Upload lai.

Néu van khong dugc nira. Thi nén thir véi mot cadi man hinh khac dé€ dam bao phan ciing khong bi
hong.
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Chuong 1: Phan clng

Phan 4: Thé nhé

Ok ti€p theo la 1ap dat thé nhé.

Trong du an nay thé nhd sé la noi luu trir dit liéu chinh nhu hinh gif, audio...

Xu ly conflict phan cuing

Thé nhé st dung giao ti€p SPI. Vi ESP32 khi sir dung nhiéu thiét bi giao ti€p chung SPI thi can cé
chan CS dé diéu khién.

Trong truong hgp hién tai ching ta cé 2 thiét bi giao ti€p SPI la thé nhé va man hinh. Khi can giao
ti€p vGi thé nhé thi tin hiéu CS trén thé nhG dugc bat va tat doéi véi man hinh.

Thé& nhung trong phan trudgc. Man hinh ching ta s& dung c6 7 pin va khong cé chan CS. Diéu nay la
do chan CS dugc nha san xuat néi truc tiép véi GND. Tin hiéu CS trén man hinh sé luén & trang thai
bat. Vi vay ching ta c6 2 hudng giai quyét:

e Ki€u nguoi cé tién: Thay man mdi cho dep
e Ki€u nguoi hét tién ching ta cé nhitng budc sau:
o Xac dinh chan CS da bi han véi GND trén man hinh. La chan th( 8 trén day ndi man
hinh véi PCB
Ra han dé thay dugc phan két ndi CS véi GND
Ngat két néi ciia chan CS v&i GND bang cach cat qua I6p déng trén PCB
Han lai day néi man hinh véi PCB
Han chan CS ra mot chan mdi va két n6i véi ESP32.

Trong phan khai bdo thu vién TFT_eSPI phan #define TFT_CS -1 stfa thanh #define
TFT_CS <pin ?& k?t n?i trén ESP32>

o

o

o

o

o



IN-1PS130-V2.0

Pixel :240x240 ] Ré han va ngat

Oriver 1C:517789 : Xy o
Interface:SPI o B EI

Chan can ngat
két nai

- 1PS130-V2.0

P10 :240x240
Or Yrer 1C:STT789
Ini:rface:SPI

N@i I&n chan BLK. Viéc nay loai b -
chan BLK va thay thé bang €S

N&u khéng muén cé thé ndi |
g% thanh 1 chan riéng ra bén ngoai

Ok vay la xong. Bung lam chét man hinh la dugc :)))

Lap dat

Man hinh ESP32-C3 Chac nang Ghi chu
VCC (3.3) 3.3V hoac 5V Cé&p ngudn cho man hinh. Nguén vao tir USB qua
ESP32 c6 thé day ra thanh
2 nguodn 3.3V hoac 5V.
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GND GND Noi dat

SCK GPIO4 Clock (SPI)

MOSI GPIO6 Data out

MISO GPIO5 Data in

Cs GPIO7 Piéu khién khi giao ti€p SPI

Kiém tra

pl atform o.ini

Tao mot diém tham chiéu
chung cho toan bé thiét bi
trén hé théng

Dung chung v&i Man hinh
Dung chung véi Man hinh

Dung chén chuyén dung
cla ESP32

Chon bat ky chan GPIO con
trong thuan tién cho di day

Trong phan thiét 1ap nay ching ta can khai bdo thém thu vién SD trong I'i b_deps

[env: esp32-c3-devkitm 1]
platform= platformni o/ espressif32 @6.6.0
board = esp32-c3-devkitm1
framewor k = ardui no
pl at f orm packages =
f ramewor k- ar dui noespressi f32 @~3.20014. 0
lib_deps =
SD // Khai bao thémtH vi?n nay
SPI
bodner/ TFT_eSPl @2. 5. 43
noni tor _speed = 115200
build_flags =
-D ARDUI NO_USB_MODE=1
- D ARDUI NO_USB_CDC_ON_BOOT=1

Code and Test

#i ncl ude <Ardui no. h>
#i ncl ude <TFT_eSPI. h>
#include <SD. h> // Thém khai bao th? vi?n

/1 T?0 ??i t??ng tft t? th? vi?n // ?? hi?n th? k?t qu? test
TFT_eSPI tft = TFT_eSPI();

/1 Khai bao ph?n c?ng cho SDCard
const int SDCARD PIN CS = 7;
const int SDCARD PI N _SCK = 4;
const int SDCARD PIN M SO = 5;
const int SDCARD _PIN_MOSI = 6;

/1 Khai bao ham
void initTFT(); // Kh?i t?0 man hinh
void initSD(); // Kh?i t?o SDCard

void listDir(fs::FS & s, const char * dirnanme, uint8_t |evels);

?? test ch?a c¢?n quan tam nhi ?u

voi d setup() {
init TFT();

// Ham hi ?n th? cac t?p trong SD // Ding



}

initsSD();

int count = O;
void loop() {}

voi d initTFT()

{

}

tft.init();

tft.setRotation(0);

tft.fill Screen( TFT_BLACK);

tft.set Text Col or (TFT_GREEN) ;
tft.set Text Size(1);
tft.setCursor(0, 0);
tft.printin("Init TFT success!!!");

void initSD()

{

}

SPI . end();
SPI . begi n( SDCARD_PI N_SCK, SDCARD PIN_M SO, SDCARD PIN MOSI, SDCARD PIN CS); // Kh?i

tft.print("Initializing SD card using CS pin: ");
tft.println(SDCARD PI N CS);

if (!SD. begi n(SDCARD PIN CS, SPI)) {
tft.set Text Col or (TFT_RED);
tft.printIn("SD nount failed (wiring/freq).");
return;

}

tft.set Text Col or (TFT_GREEN) ;
tft.printIn("SD card initialized.");

uint8_t type = SD.cardType();
if (type == CARD_NONE) {
tft.set Text Col or (TFT_RED);
tft.printIn("No SD card detected.");
return;
}
tft.printf("Type: %\n", type == CARD MMC ? "MW'
type == CARD_SD ? "SDSC'
type == CARD_SDHC? "SDHC/ SDXC' : " UNKNOWN') ;
tft.printf("Size: %lu MB\n", SD.cardSize() / (1024ULL * 1024ULL));

tft.println("Filesystem Content:");
listDir(sb "/", 0);
tft.printin("\n--- Test Conplete ---");

/1 Ham 1i?t ké n?i dung th? nPc (1?y t? vi d? c?a th? vi?n SD)
void listDir(fs::FS &'s, const char * dirnanme, uint8_t levels) {

tft.printf("Listing directory: %\n", dirnane);

File root = fs.open(dirnange);

if (!root) {
tft.println("Failed to open directory");
return;

}

if (!root.isDirectory()) {
tft.println("Not a directory");
return;

}

File file = root.openNextFile();
while (file) {

t?0 giao ti?p SPI



if (file.isDirectory()) {
tft.print(" DIR: ");
tft.printin(file.nane());
if (levels) {
listDir(fs, file.path(), levels - 1);
}

} else {
tft.print(" FILE ");
tft.print(file.nane());
tft.print("\tSIzE ");
tft.printin(file.size());

}
file = root.openNextFile();

Upload and Monitor

K&t qua hién thi nhu hinh dudi (hoac tuong tu toan mau green) la OK

Né&u chi hién thi dén "Initializing SD card using CS pin: " thi can check thém terminal dé kiém tra 16i
e C6 thé conflict phan cling nhac téi & trén chua dugc xur ly

e Thé nhé chua dugc format dung (ESP32)
e Lbi thé nhé hoac module thé nhé
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