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1.1: board-small

1.1 BHFRE%W

| -- README .md

|-- docs

|-- libraries

| | -- Board_Drivers

| |-- HAL_Drivers

| “-- STM32F4xx_HAL

|-- projects

|-- rt-thread

*-- sdk-bsp-rt-spark.yaml

e docs: fEk 1 FEEREL A TS

o libraries: STM32F4 [/ 8@ H4MEIRENFE T
* projects: sRBIIUH I, ALAE SRR B

* rt-thread: rt-thread JEftiY

¢ sdk-bsp-rt-spark.yaml: ik 2k 1 5 EHEE
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RT-Thread £k 1 58 Fit 1.2 95 ) R{ek

1.2 ZFEIJpgZk

Wi H SO Jet BB F )22 I B IN T #0795, 4n 01_kernel, 02_basic_led_blink, 4353 ~M
ANANFIZE SR BE, Yn T /N PN 28 AR 167 B, ] 3 2 R B I 5 KNI AT 22 30, B it 4R

RT-Thread.

BT ST S ANAR R 27 3T B B T s

ﬁ
BB 5 TWHSHThRE T H SRR AL TR
01, AI/JRT-Thread ¥ 01  RT-Thread p#%2%2] 01_kernel
%
02, f&jELAM AL A5 H] 02 LED [N E5RHIF%E 02_basic_led_blink
03  RGB LED #ilf% 02_basic_rgh_led
04  fuE GBI 02_basic_key
05  I&nSBLFN LED %4512 02_basic_irq_beep
06  ZANEEHIFE 02_basic_ir
07  RTC Al RTC i Fi 1l 72 02_basic_rtc
03, MEAPEEHEIME 08  LCD ZoRfifE 03_driver_lcd
09  AHTI0 iff i B A% KA 72 03_driver_temp_humi
10  AP3216C #zif 5 et Bas 52 03_driver_als_ps
11 ICM20608 7l f& & a4 7 03_driver_axis
12 CAN @[S HIfE 03_driver_can
13 LED MATRIX [N ARIFE 03_driver_led_matrix
04, RT-Thread A1) 14  USB Rinfilfe 04_component_usb_mouse
fiH]
15  TF RX/FRGGIRE 04_component_fs_tf card
16 {RIhFEHIRE 04_component_pm
17  Flash 2 X & {5 F& 04_component_fal
18 KV ZHUfr ol i 04_component_Kkv
19  SPIFlash XffF R4 H1FE 04_component_fs_flash
05, IoT MHRAFFMMEH 20  WIFi E 36 05_iot_wifi_manager
21 MQTT WhGaEHIFE 05_iot_mqtt
22 HTTP Client IhRESCHLEIFE 05_iot_http_client
23 MEMBEDTLS 11 #% 05_iot_mbedtls
24 Ymodem B3 il {4+ 2 451 72 05_iot_ota_ymodem
25  HTTP Bl [E 4T+ il fe 05_iot_ota_http
26 /N T HAf AR 05_iot_netutils
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BBt 5 BUHSEHLIRE

27 | E#3) OneNET =1 & B AL

28 P E ST G AR

29  fiH Web kg5 #s411F: WebNet
06, Zi#& Demo ) 30 LVGL filf#

31  MicroPython fi#2
32  #R#k LED matrix £l RS485 LKz

I
33  nes B 2SS0
34  FERZES Demo (H) Demo)

07, HBEBMXPAG] 35  FFEEEA R
2
36  ENC28J60 [ 45 it fsil 2
37 RN EE B R
38 ws2812 led 47 i 4
1.3 fEH

sdk-bsp-stm32f407-spark 37 #f RT-Thread Studio A1 MDK J % .

1.3.1 RT-Thread Studio 7%

N

1. #TJF RT-Thread Studio AUEEFRSE, 223 51
2. EEENSE, EFRFET BSP Gl TRERIA]

SR BHRE

\g

1.3.2 MDK #%

1.3 &/

U H ST AL TR

05_iot_cloud_onenet
05_iot_cloud_ali_iotkit
05_iot_web_server
06_demo_lvgl
06_demo_micropython

06_demo_rs485 led_matrix

06_demo_nes_simulator
06_demo_factory

07_module_key_matrix

07_module_spi_eth_enc28j60
07_module_ultrasonic_sr04

07_module_ws2812_led

7 kG SDK TERFLERHTH, B —A> projects &I —1 rt-thread XHFIEHN Libraries SR
FEH) SDK B BEIFE M, Fr DAIX S8 F SO el R B 1 ok . IX AR 2 B BUCE T T MDK [ TR g

BER SR> EIR AN SCAE SR A SO, BRATIAE QR 25 B R A ] L

1. BEHA project HFE FH mklinks.bat XM, BeE (A Env THEMIT mklinks.bat @54, 43714

rt-thread & libraries CHFAIEESE S 584,
2. BEHRTREA rt-thread Ml libraries 3R Bz,
3. f#H Env T H4447 scons —target=mdKk5 5 MDK5 Tf& 1.

RT-Thread RT-Thread 2:X 1 SHFPFM


https://club.rt-thread.org/ask/question/5699.html
https://club.rt-thread.org/ask/question/5699.html

, T TN
RT-Thread &k 1 5 A Fif 147 T a

SR K 1 SRR MAEERT BUINN QQ # - RT-Thread & k2% > Hi i =5 839583041, 852752783,

ﬂ .
RT-Thread RT-Thread £:X 1 £ FAFEM 5
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LED [AJkkf532

ABIFELE N SDK [ —NMIFE, 2 i fai BB RE, R TFE 7 f s i) 55— M2 5 Hello World —
FERITS . B FEIhRE R 1 E ) RGB-LED F (41 & LED AS[A] W A 4k

2.2 HWEHER

GPIO IR RECV 20 E?s

GPIO LCD BL ZI 37]

GPIO SPI2 - PF10

GPIO LED B | PFIL

GPIO LED R s

GPIO PFL3 == PF13

GPIO PF14 51 CTEE
“—GP0 PE15 55

o OPIO PF1S 27 | Loie

& 2.1: LED Z#: 5 A 0L 5]

_GPIO LED B R16 22
GPIO LED R R17 ——
—

2KQ 4

2.2: LED 2% JF P&

w1 KRR, RBG-LED J&T3LPH LED , BHAR 35 8 A HLrG 5] &Rz, HA 4t LED X3 PF12 5]
. B R RLE] B AR H P ED AT &5 LED , i i HE P4 48 K LED.

LED fEJF AR AL B 41T B o :
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RT-Thread &/« 1 5 H ) Fif 2.3 CERINL]

et

T M T W TR TR TR TR
A

RT-Spark |

2.3: LED v &

2.3 EHiREA

ABIFERIRRS AL T /projects/02_basic_led_blink.

INAT (AR £ T applications/main.c H1. & 46 X 17 —~% LED_PIN , AREWNITH LED 35| 4
S, #R/55 PIN_LED R (PF12) X}j:

/* B B LED T 3] 1 */
#define LED_PIN PIN_LED_R

7F main PR, FiZ 5 AL B v A, JRAE R ) while 754, M (500 =) kK
LED, FImf#H—2HERFR

i o

#include <rtthread.h>
#include <rtdevice.h>
#include <board.h>

#define DBG_TAG "main"
#define DBG_LVL DBG_LOG
#include <rtdbg.h>

/* BCE LED 4T 5| 1 */

RT-Thread RT-Thread 2:X 1 SHFPFM 7
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#define PIN_LED_B GET_PIN(F, 11) // PF11 : LED_B --> LED
#define PIN_LED_R GET_PIN(F, 12) // PF12 : LED_R --> LED

int main(void)

{

unsigned int count = 1;

/* % E LED 5| A A */

rt_pin_mode(PIN_LED_R, PIN_MODE_OUTPUT);

while (count > 0)

{
/* LED fT 5= */
rt_pin_write(PIN_LED_R, PIN_LOW);
LOG_D("led on, count: %d", count);
rt_thread_mdelay(500);
/* LED T K */
rt_pin_write(PIN_LED_R, PIN_HIGH);
LOG_D("led off");
rt_thread_mdelay(500);
count++;

ks

return 0;

ks
N— ) —
2.4 1B1T

2.4.1 %mi¥ & T

* RT-Thread Studio: ft RT-Thread Studio f)fL# ¥ &5 N4 STM32F407-RT-SPARK BEJRAL, SRJ5
QIR TR, AT %S

» MDK: 145X mKklinks.bat, “Ep rt-thread 5 libraries S 948 1484 Env 45 MDK5 T
f#; &5 Xk project.uvprojx 7F MDK5 L%, #AT41%.

2.4.2 ZBITHR

N AR E R TR, MET A _E RBG-LED HISEbrii . IEHBT/E, 46 LED & E WA
Hk, G0N PR

RT-Thread RT-Thread £X 1 SH P FH# 8



RT-Thread &/« 1 5 H ) Fif 247 iBfr

RT-Thread - ‘

RT-Spark |

2.4: TR

AT DAZE PC S FH £ T BAT PR &R ST-Link 24t Al 11, W E 1152008 1 N . &
WREIEAT H A5 S B A] Sz 4 H sk .

[D/main] led on, count: 1
[D/main] led off
[D/main] led on, count: 2
[D/main] led off
[D/main] led on, count: 3
[D/main] led off
[D/main] led on, count: 4
[D/main] led off
[D/main] led on, count: 5
[D/main] led off
[D/main] led on, count: 6
[D/main] led off
[D/main] led on, count: 7
[D/main] led off
[D/main] led on, count: 8

RT-Thread RT-Thread 2:X 1 SHFPFM 9



RT-Thread 2k 1 5 H T 2.5 FERHM

2.5 EEEW

IR EfE L LED_PIN 72 X, n[LAZ3% [drivers/drv_gpio.h S0, Z30rf BA @ O HLIG H
(1) TR

2.6 S|H&%E

o WREIRA: PIN B4

2.7 1\ELEG

B2 — N el SR iE e LED We?

R .
RT-Thread RT-Thread £X 1 SH P FH# 10


https://www.rt-thread.org/document/site/#/rt-thread-version/rt-thread-standard/programming-manual/device/pin/pin
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E3E

RGB LED 5|32

AR E BT RE 2 AR ¥ RGB-LED AT J& M P b AZ #e i

3.2 fEHiREA

GPIO IR RECV 20 ;%s
GPIO LCD BL II 2]
GPIO SPI2_CS1 22 PFL0
GPIO LED BP9 PFL1

GPIO LED R | PF12

GPIO PF13 TBL

®GPIO PF14 5T S
GPIO_PF15 | PF1S

3.1: RGB iE# L5

_GPIO LED B R16 &£
‘GPIO_LED R _RI17 ==
| S

2KQ *

& 3.2: RGB Hi 247 ]

wn EEAT~, RGB-LED J&T3LFH LED , BAM 55 5 A LR 51 iEs:, Hrha e LED XF3 PF12 5
5lJ#, W LED XF 8 PF11 551, o5 ALGHSE Y 51 S H K B 7RI AT A S A LED 4 s P )
ZRK X M) LED.

ER: BTAESHRAE, BfR LED MRS g A —FE, PLSZBRIF R AR B e

RGB-LED 751 &M B4z B an F B R :
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| RTQSpar'k : [J
— i
2l@=s W

3.3: RGBLED f/ &

3.3 iR

ABIFERVRISAL T /projects/02_basic_rgb_led.
RGB-LED X 5 () 58y L 51 B E T LA i 25 e Sk S0 7drivers/drv_gpio.h 3RAT,

/* WL E LED AT 5| */
#define PIN_LED_B GET_PIN(F, 11) // PF11 : LED_B --> LED
#define PIN_LED_R GET_PIN(F, 12) // PF12 : LED_R --> LED

RGB-LED /] 28 ¥ ()50S4 T /projects/02_basic_rgb_led/applications/main.c .

int main(void)

{
unsigned int count = 0;
unsigned int group_num = sizeof(_blink_tab)/sizeof(_blink_tab[0]);
unsigned int group_current;

/* BB RGB T 5| 1A 04 fay th A S */
rt_pin_mode(PIN_LED_R, PIN_MODE_OUTPUT);
rt_pin_mode(PIN_LED_B, PIN_MODE_OUTPUT);
rt_pin_write(PIN_LED_R, LED_OFF);

RT-Thread RT-Thread 2:X 1 SHFPFM 12
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rt_pin_write(PIN_LED_B, LED_OFF);

do
{

/* RAGHE S */
group_current = count % group_num;

/* & #| RGB I */
rt_pin_write(PIN_LED_R, _blink_tab[group_current][0]);

rt_pin_write(PIN_LED_B, _blink_tab[group_current][1]);

/* il LOG 15 B */

LOG_D("group: %d | red led [%-3.3s] | | blue led [%-3.3s]1",
group_current,
_blink_tab[group_current][0] == LED_ON ? "ON" : "OFF",
_blink_tab[group_current][1] == LED_ON ? "ON" : "OFF");
count++;

/% FE R — B (a] %/
rt_thread_mdelay(500);
} while ( count > 0 );

return 0;
¥
3.4 BT

3.4.1 “®i¥F & T

* RT-Thread Studio: £ RT-Thread Studio ffd& B &5 T % STM32F407-RT-SPARK B, A5
BIEEHT TR, PATHE.

* MDK: ¥EXH mKklinks.bat, 4% rt-thread 5 libraries 04328582, Ff#i ] Env 4=t MDK5 T
F#; e Mk project.uvprojx ¥777 MDK5 L2, #AT4miF.

kTG, BIT R ST-Link USB M5 PC MlLi%E®R:, R THREIT AW
3.4.2 BITHR

P R ST E TR AR, WLERTT R AR b RBG-LED MsEbrsi . 1IE#Ii247 /5, RGB 2 & WAt AE 1k,
T s
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ot
o
N
i

RT-Thread - ‘

S !l!IIIII'_l

3.4: a1t (BRHAMEIE) ITiET
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3.5: it (HHAMZIC) JTiE T

b AT LAZE PC Sinfs F 2830 L BATHFIF R AR ST-Link $2 4R LA 1, % E 1152008 1N . K
BRI AT H A5 SRR Se i 4 R

[D/main] group:
[D/main] group:

red led [ON ]
red led [OFF]
red led [ON ]
red led [ON ]
red led [OFF]
red led [ON ]
red led [OFF]
red led [OFF]

| | blue led [ON ]
I I
I I
I I
I I
I I
I I
I I
| red led [ON ] |
I I
I I
I I
I I
I I
I I
I I

blue led [ON ]
blue led [OFF]
blue led [ON ]
blue led [OFF]
blue led [OFF]
blue led [ON ]
blue led [OFF]

|

I
[D/main] group: |
|
I
I
|
I
| blue led [ON ]
I
I
|
I
I
|
I

[D/main] group:
[D/main] group:
[D/main] group:
[D/main] group:
[D/main] group:
[D/main] group:
red led [OFF]
red led [ON ]
red led [ON ]
red led [OFF]
red led [ON ]
red led [OFF]
red led [OFF]

blue led [ON ]
blue led [OFF]
blue led [ON ]
blue led [OFF]
blue led [OFF]
blue led [ON ]
blue led [OFF]

[D/main] group:
[D/main] group:
[D/main] group:
[D/main] group:
[D/main] group:
[D/main] group:
[D/main] group:

N o o AWM, ONOO U D WWN 2 O

RT-Thread RT-Thread 2:X 1 SHFPFM 15



RT-Thread £k 1 5 H ) F it

3.5 EAEEW

2P

3.6 S|AS*%E

o WA 5050 PIN 4%

R'?‘-Threal:l
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FA4E

IR DI

A5 FE I R Th e 8 AR R 1328 KEYO(LEFT) #5#%) RGB-LED H {41 4 LED f7 K.

4.2 HWEHIREA

26 | GPIO BTN LEFT
el GPIO BIN D

PCl |y
2t 5o R85

WY ~

e GPIO BIN RIGHT
GPIO BTN UP

P10 LED EXT

PCS o
PC6 o7 1S3 MCK

PC7

PC6

4.1: EEEE A YLE]

SW2
—_

* 7 3 * |||IGND

GPIO BTN UP

W3
GPIO BTN LEFT —r—

= g t——frow

W4
GPIO BTN DOWN ——

- |||IGND

S

SW:
|||IGND
—

GPIO BTN RIGHT

SW6

L_E_D_g__T |||-GND

NRST

4.2: HEE R K

0 kB TR, KEYO(LEFT) 5] %48 F 1 PCO(LEFT) 5| B, KEYO(LEFT) #4884 T K, WFHN
.

KEY ETF AR B B A0 T BT -
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A

o
¥

RW007 240x240 H{7LCD 40Pin WESRIRHE LR1220 RTC/S#&HE
WIFI SFEGET iR TTipiElo ithEE

8mB — e e =
NorFlash P @ ] ..
E UUUUUUUUUUYUDUE uu—uu‘ b 1 " RS4BS§D
ICM20608 . | | | REr .
SRS =~ RT-Spark V (8] e
- 2} s S51 CANEZO

ey oo
AP321685E | | S EiRacnEy
iz hil I ) - )

Spark-10Pin
Bl EEE

AHT20
IR

| sz | [1owmmerien | [sorm || asree || Smme | (e | [semed |

4.3: i &

4.3 ERHi5EA

ABIFEHIVRISAL T /projects/02_basic_key.
KEYO(LEFT) *f 5 i 58y HLG 1 IISE Lo

#define PIN_KEYO GET_PIN(C, 0) // PCO: KEYO --> KEY

B N TRAAS AL T /projects/02_basic_key/applications/main.c #'. 7£ main K3+, BN T

SEIG AR TEM AT W, #REk RGB 4014 LED {5 KEYO(LEFT) HPIRZASTE/RAT, 158 RGB 2047 5| i = v

HEEE, SR )5 B8 PIN_KEYO 51 AR, & /578 while ¥ H1ifiid rt_pin_read(PIN_KEYO) | 7

KEYO(LEFT) fJHLPIRAS, FF4E 50ms FIyE £, 08 aish W KEYO(LEFT) AR H PR (P24

) MFTEN 4G “KEYO pressed!” Jf HARRIT 52, IR RITHE K.

int main(void)
{

unsigned int count = 1;

/* BB RGB ZLAT 5l Y AR A far S */
rt_pin_mode(PIN_LED_R, PIN_MODE_OUTPUT);
/* B E KEYO 5B A Oy A b A */
rt_pin_mode(PIN_KEYO, PIN_MODE_INPUT_PULLUP);

while (count > 0)

RT-Thread RT-Thread £X 1 SH P FH# 18
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{
/* SRR KEYO [ 5] IR &S */
if (rt_pin_read(PIN_KEYO) == PIN_LOW)
{
rt_thread_mdelay(50);
if (rt_pin_read(PIN_KEY0) == PIN_LOW)
{
/* O R, W log, M LED 4T */
LOG_D("KEYO pressed!");
rt_pin_write(PIN_LED_R, PIN_LOW);
}
}
else
{
/* BRI, K LED 4T */
rt_pin_write(PIN_LED_R, PIN_HIGH);
}
rt_thread_mdelay(10);
count++;
}
return 0;
}
44 BT

4.41 %RiF & T

* RT-Thread Studio: £ RT-Thread Studio ffd& B &5 T~ % STM32F407-RT-SPARK B, A5
BIEH TR, AT

* MDK: ¥4t mKklinks.bat, 4% rt-thread 5 libraries 30438582, Ff#if Env 4= MDK5 T
F#; /e Xl project.uvprojx #7J7F MDK5 T.#2, $47%i1%-

G sERE, BT R ST-Link USB 15 PC HLES:, R5HEE FREIT KK,
4.4.2 TITHR

¥ N EAL B E B RAR, #%4FE KEYO(LEFT) m] AW %2 2 &tk b RBG 2.t LED f8/-4T KI=idE, fa
JF KEYO(LEFT) w] LAWREZ 3 &4 I (1 RBG 404 LED 87~/ 48K . #%4F KEYO(LEFT) %4 J5 K B s :
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RT-Spark |

4.4: #(% KEYO(LEFT) 4T 47 =3tz

AT DAZE PC S FH £ T BAT PR &R ST-Link 24t Al 11, W E 1152008 1 N . &
WREIEAT H A5 S B A] Sz 4 H sk .

[D/main] KEYO pressed!
[D/main] KEYO pressed!
[D/main] KEYO pressed!

4.5 FEZEIN

o

4.6 5|AS=

o 4% 50K5): PIN ¥4
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HINaB Fh B2 I IS 25 5132

AR E DR AN W i NG 88, 4% T WK_UP RS Zmidied, #aJ7 WK_UP Ja g 25 5%
G

R T EAL RGP — A E RS, T ARR A AN B SR R T SN
i, Bl 2 N B MR EE A AU e R, RS AP E S, BUESN CPU (#1524
BIAAT FAESS IR AL B iZ A BT H B2 SEIL AR 55 A BN 72D AR b B . & VR SR AT S AME
S5 IF, RS S RO AT 1 4 (1 N B R AL B . TR DA R R — R RIS S, BT
TIEW P HIAT R, A E e U B — Se X R Ss . B — DR W A, AP s iR
A2 AT PATIRE, BIER P B M A 0, IR R HAT — I e L h b B AR (R 55
FERP Do T AR e 2 MR AN R ) PP e SR A AT A S AR B, n s BB B N L R s BT ENLSE
SERMRCTH WA EL ), ARPRER SRR AT ORAF I PAT RS, ARERPAT Bl B K455

5.2 AR

o GPIO BUZZER

46

GPIO _IR_TRANSMEET =
GPIO PB2 48
_ JTDO L 1283 SCK PR BOOT

5.1: MG ER L LTI

PBO

+3V3

D3
B3819W SL

GND

(& 5.2: #gnga% i pf J7 7 5]
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o
¥

W) SR AETT AL B 0 B s -

RW007 240x240 H{7LCD 40Pin WESRIRHE LR1220 RTC/S#&HE
WIFI SRFEYEET iR TPiEIo thEE
BME | T T S S e e e e e e T

NorFlash i P I °

| uuuuuuuuuuuuuﬁﬁ--ﬁ-u‘uuu £ RS48550
ICM20608 | RT.S % UY- [
FRUERE | " -Spar -

AP3216%E | |
fEERE 3 o2 =

T
SFLEDIMNE

Spark-10Pin
BIEEEFS

AHT20
IR

AR

| aomzi | | 1onmmewie | [sorm || astas || mioee | [sse] |

B 5.3: gy as s B

5.3 HfHiRAA
o s ] e s 2% (1 YEARAS A2 T “/projects/02_basic_irq_beep F ) applications/main.c #.

1. AX SR EE R &1, WK_UP. KEY1 #% R, ST vmi-f. FrllfE main #d, WK_UP
A KEY1 #2888 E v Eif A5, PIN_BEEP 5| ik & Hyfi i B,

2. SRJEME ] rt_pin_attach_irq %05 715 B KEY1 A1 WK_UP 258 H 7 R B fi & mb b 9 HL48 & [A]
WERE. BB IR N NS, ] rt_pin_irq_enable &3 EIX P A T o .

int main(void)
VAR &KL ]SRN
rt_pin_mode(PIN_KEY1, PIN_MODE_INPUT_PULLUP);

rt_pin_mode(PIN_WK_UP, PIN_MODE_INPUT_PULLUP);

/% E IS A 5] O fa L *
rt_pin_mode(PIN_BEEP, PIN_MODE_OUTPUT);

VA 7 Rl T = W I T 1 I S
rt_pin_attach_irq(PIN_KEY1, PIN_IRQ_MODE_FALLING, irq_callback, (void *)
PIN_KEY1);
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rt_pin_attach_irq(PIN_WK_UP, PIN_IRQ_MODE_FALLING, irq_callback, (void ¥*)
PIN_WK_UP);

/* AL RE B xS/
rt_pin_irq_enable(PIN_KEY1, PIN_IRQ_ENABLE);
rt_pin_irqg_enable(PIN_WK_UP, PIN_IRQ_ENABLE);

while (1)
{

by

return 0;

E FH T [E] U R B R NS, AR AN RIS BEAT AR (1451

/% il E R %/
void irq_callback(void *args)
{
rt_uint32_t sign = (rt_uint32_t) args;
switch (sign)
{
case PIN_WK_UP :
rt_pin_write(PIN_BEEP,PIN_HIGH);
LOG_D("WK_UP interrupt. beep on.");
break;
case PIN_KEY1
rt_pin_write(PIN_BEEP,PIN_LOW);
LOG_D("KEY1 interrupt. beep off.");

break;
default:
LOG_E("error sign= %d !", sign);
break;
}
b
54 BT

54.1 %HiF & T&

* RT-Thread Studio: £ RT-Thread Studio L& ¥ #5H ~ % STM32F407-RT-SPARK B, A5
IR TR, $ATYRiE.

» MDK: ¥%EXUd mklinks.bat, 425k rt-thread 5 libraries SO Je 48, H4E ] Env 425 MDK5 .
f2; Xt project.uvprojx $77 MDK5 T.#2, #1474 1%.

ke RUE, IR ST-Link USB 15 PC HLIERE, SRJEHE M FEEIF R
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5.4.2 EBITYR

\ |/

- RT - Thread Operating System

/ ]\ 4.1.1 build Jul 13 2023 17:46:59
2006 - 2022 Copyright by RT-Thread team
[D/main] WK_UP interrupt. beep on.

beep off.

[D/main] KEY1 i
[D/main] WK_UP
[D/main] KEY1 i
[D/main] WK_UP
[D/main] WK_UP
[D/main] KEY1 i
[D/main] WK_UP
[D/main] KEY1 i
[D/main] WK_UP
[D/main] KEY1 i
[D/main] WK_UP
[D/main] WK_UP
[D/main] WK_UP
[D/main] WK_UP
[D/main] WK_UP
[D/main] WK_UP
[D/main] KEY1 i

nterrupt.

interrupt.

nterrupt.

interrupt.
interrupt.

nterrupt.

interrupt.

nterrupt.

interrupt.

nterrupt.

interrupt.
interrupt.
interrupt.
interrupt.
interrupt.
interrupt.

nterrupt.

5.5 JFEZEmN

2P

5.6 S|FA&%E

o WEIRA: PIN %4

RT-Thread

beep

beep off.

beep
beep

beep off.

beep

beep off.

beep

beep off.

beep
beep
beep
beep
beep
beep

beep off.
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on.

on.
on.

on.

on.

on.
on.
on.
on.
on.
on.
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46
PBO
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noa D

6.2: ZLAF KA IESL B HL T
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u9
;] vce
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TRMH638T

Q2
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N
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o
¥

RW007 240x240 H{7LCD 40Pin WESRIRHE LR1220 RTC/S#&HE
WIFI SFEGET iR TTipiElo ithEE

BMB | e N —————————————

-
Norflash — ' iz ‘
UMUYUY YW YY Y e g £ RS485§D
ICM20608 . . .'
o) -

AR _ > RT-Spark |P,-
ExQ@ =S =

1nae: 00nn
0
=
=
H
O

AP3216E | |
] e o 3

) [nd] LTI AT
1 aiiil (@,
EFLEDSE

Spark-10Pin
Bl EEE

AHT20
R

Loz | | 1osmemen | [sokm || aoras || s | (s | | s |

& 6.4: 45ME

6.3 EXHiREA

HMIIFE R BIAR RS AL T /projects/02_basic_ir FH) applications/main.c #1, FERFE: EFHF
NEC fi#fih 2%, #1461k GPIO 51, #8)57E while JE¥Arh i facsi . T ENS R0 R 204895, 24 KEYO
15 B Ja ¥ St i — BRI B L0 AN Sl i 20 A RS Sk R GE S

int main(void)
{
unsigned int count = 1;
rt_int16_t key;
struct infrared_decoder_data infrared_data;

/* P ONEC fil i 2% */
ir_select_decoder("nec");

AR 8- %3 1N SE DN
rt_pin_mode(PIN_KEYO, PIN_MODE_INPUT_PULLUP);

/* B E RGB 5 Oy it B a0 */
rt_pin_mode(PIN_LED_R, PIN_MODE_OUTPUT);
rt_pin_mode(PIN_LED_B, PIN_MODE_OUTPUT);

rt_pin_write(PIN_LED_R, PIN_HIGH);
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rt_pin_write(PIN_LED_B, PIN_HIGH);

while (count > 0)
{

/* SRR */

key = key_scan();

if(key == PIN_KEYO)

{
/* BB, BTk %/
rt_pin_write(PIN_LED_B, PIN_LOW);
infrared_data.data.nec.repeat = 0;
/% RIE LN </
infrared_write("nec",&infrared_data);
rt_thread_mdelay(200);
LOG_I("SEND OK: addr:0x%02X key:0x%02X repeat:%d",

infrared_data.data.nec.addr, infrared_data.data.nec.key,
infrared_data.data.nec.repeat);

}

else if(infrared_read("nec",&infrared_data) == RT_EOK)

{
VAR SRR & AN (=
rt_pin_write(PIN_LED_R, PIN_LOW);
LOG_I("RECEIVE OK: addr:0x%02X key:0x%02X repeat:%d",

infrared_data.data.nec.addr, infrared_data.data.nec.key,
infrared_data.data.nec.repeat);

H
rt_thread_mdelay(10);

/* BRI */
rt_pin_write(PIN_LED_B, PIN_HIGH);
/% SRR LN */
rt_pin_write(PIN_LED_R, PIN_HIGH);
count++;

}

return 0;

ABIRE RS L BAE A 1 ZLAMNRAE R PR = R KL

VASS - L

rt_err_t ir_select_decoder(const char* name);

/* O B4 A B HE. %/

rt_err_t infrared_read(const char* decoder_name,struct infrared_decoder_data* data);

VA O N G T

rt_err_t infrared_write(const char* decoder_name, struct infrared_decoder_data* data
);
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6.4.1 %Hi¥ & T&

* RT-Thread Studio: 7& RT-Thread Studio F)fL%& ¥ 23+ T4k STM32F407-RT-SPARK %R E, AR)5
BIEH TR, PATHIF.
o« MDK: 4 mklinks.bat, 4% rt-thread 5 libraries SCfFJe44%; ¥ FH Env 45 MDK5 T

F#; #Ja Xk project.uvprojx 77F MDK5 T2, #$hAT4%1%.

ke UG, BHIF R ST-Link USB 15 PC HLIERE, REHE M FEEIF KR

6.4.2 BITHR

Y N BT R TR, WEEARE RGB 4T, 7 ] DA FH 20 A1 428 2 X AR 3k 21 Ak R 4 4b
=5 . R AME S IURE, RGB ZL4T NHR. % N KEYO 8, JF RN Sl i 404 R 5k K ik feilr— Ik
BB ANEEE, RIEOAM RN RGB T =i

S AT BAFE PC S ] 28 3 T HAT IR AR ST-Link $2AEH0 MR 1, BEBE. 115200 , %

fir: 8, fF1bA: 1N .. FHRRAEITH

[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]
[I/main]

RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
RECEIVE
SEND

RECEIVE
SEND

RECEIVE
SEND

RECEIVE
SEND

RECEIVE

RT-Thread

OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:
OK:

addr:
addr:
addr:
addr:
addr:
addr:
addr
addr:
addr:
addr:
addr:
addr:
addr:
addr:
addr:
addr:
addr:
addr:
addr:
addr:
addr
addr:
addr:
addr:
addr:
addr:
addr:
addr:

0x00
0x00
0x00
0x00
0x00
0x00

:0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00
0x00

:0x00

0x00
0x00
0x00
0x00
0x00
0x00
0x00

key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:
key:

0x18
0x18
0x18
0x18
0x98
0x98
Ox5A
0x5A
0x7A
0xBO
0x42
0xA8
0xA8
OxEO
0x68
0x30
0x02
0x02
0x02
0x42
0x42
0x42
0x42
0x42
0x42
0x42
0x42
0x42

repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:
repeat:

R ERSITI St TP
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[I/main] SEND OK: addr:0x00 key:0x42 repeat:0
[I/main] RECEIVE OK: addr:0x00 key:0x42 repeat:0
[I/main] SEND OK: addr:0x00 key:0x42 repeat:0
[I/main] RECEIVE OK: addr:0x00 key:0x42 repeat:0

6.5 JEEEWM
561 38KHZ 40 1AL SME 12 85 900

6.6 S|HE&=%

o W55 PIN &
o ZIHMEZE: https://github.com/RT-Thread-packages/infrared_framework
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RTC %01 RTC |79 p9{F A iz

7.1 BN

ABIFEEEAHE T WTLE R K 15 B4 RTC (Real-Time Clock) Szifi4f, RTC A LR ALK HA
SERTEIR], BRIV R4 Ay By B 20y BEEE . H AT SERT RS i ok 22 R AR B 1) b A
Grta VBB B . A LG Bt B o T R 2 PR L RE T DU TAE, A b gt e, AR (R B — ELOREE
HR

RT-Thread ] RTC % % AEEAE R AR (0] RGP T BAl k% . T BRI 2 1) ToT 5, RTC &
SR i AREC, EZRAER A SSL M2 e nd fE . RTC ©4 AT Bisk 4y .

7.2 HWEHIREA

AR B RTC B 4kagi T LSE 4, thAMERd 2%,

7.3 EHIULRA

ABIFEHIVEISAL T /projects/02_basic_rtce

£ main pE, FREE] T RTC e, SRR BE —RARGENE], B G PRk R GE [a] DL AR Ui ]
B E Y, BRIGIER 1s 5 HUGRER S ).

int main()
{
rt_err_t ret = RT_EOK;
time_t now;
rt_device_t device = RT_NULL;

VA i &
device = rt_device_find(RTC_NAME);
if (!device)
{
rt_kprintf("find %s failed!", RTC_NAME);
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return RT_ERROR;

/* FiEfk RTC & & */
if(rt_device_open(device, 0) != RT_EOK)
{
rt_kprintf("open %s failed!", RTC_NAME);
return RT_ERROR;

/* "EHB %/

ret = set_date(2018, 12, 3);

if (ret != RT_EOK)

{
rt_kprintf("set RTC date failed\n");
return ret;

/* & ERE %/

ret = set_time(11, 15, 50);

if (ret != RT_EOK)

{
rt_kprintf("set RTC time failed\n");
return ret;

/% R HCE [a] */
now = time(RT_NULL);
rt_kprintf("%s\n", ctime(&now));

AT N I
rt_thread_mdelay(1000);

/* FRBUEF[A] */
now = time(RT_NULL);

rt_kprintf("%s\n", ctime(&now));

return ret;

AR AT — > RTC [, R)5BE 5 )5 i,

7.3 AU

A B iZ R E 3 A msh @y 47

void user_alarm_callback(rt_alarm_t alarm, time_t timestamp)

{

rt_kprintf("user alarm callback function.\n");

void alarm_sample(void)

{

RT-Thread RT-Thread £:X 1 SHFPF
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struct rt_alarm_setup setup;
struct rt_alarm * alarm = RT_NULL;
static time_t now;

struct tm p_tm;

if (alarm != RT_NULL)
return;

VAR s 1 =1 5 AP o N W 05 1 2 o= ol I = =
now = time(NULL) + 5;
gmtime_r (&now, &p_tm);

setup.flag = RT_ALARM_ONESHOT;
setup.wktime.tm_year = p_tm.tm_year;
setup.wktime.tm_mon = p_tm.tm_mon;
setup.wktime.tm_mday = p_tm.tm_mday;

setup.wktime.tm_wday = p_tm.tm_wday;

setup.wktime.tm_hour p_tm.tm_hour;

setup.wktime.tm_min = p_tm.tm_min;
setup.wktime.tm_sec = p_tm.tm_sec;

alarm = rt_alarm_create(user_alarm_callback, &setup);
if(RT_NULL != alarm)
{

rt_alarm_start(alarm);

}

/* export msh cmd */
MSH_CMD_EXPORT(alarm_sample,alarm sample);

7.4 51T
7.4.1 ®/iF & T

* RT-Thread Studio: 7F RT-Thread Studio [t #E4% H F # STM32F407-RT-SPARK AL, 4R )5
BIEEHT THE, AT

« MDK: ¥’EXid mKklinks.bat, £/ rt-thread 5 libraries S0 Je4%4%; 4# /] Env £ MDK5 T
s #¢Ja M project.uvprojx 17 MDKS T82, #AT4miF.

7.4.2 BEITHR

T AL R IR, TR BT E AT R 5 R

\ |/
- RT - Thread Operating System
/N 4.1.1 build Jul 10 2023 09:37:14
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2006 - 2022 Copyright by RT-Thread team
Mon Dec 3 11:15:50 2018

msh >Mon Dec 3 11:15:51 2018

W EFUR, PHRRGEN EAHZE 1s, AL E AOSE T I TR L. 2 )5 JATT A Bl ) B 2 e Il -

msh >alarm_sample
msh >user alarm callback function.

TEJE3) alarm_sample B%UE, 5 )5, [WIBR T AY B ELE N $E A0 1 B 40 10 (B R 4

7.5 FEEIN

B

7.6 S|HE&=E

o &5 RTC &4
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8.2 fEMiiEA

B SIFRBRE R — 8 1.3 ~F, 73308 240x240 () LCD B/rBE, SoRBCR-T0405. 2o
B BREE Fr & ST7789 v3, il {5 H2 FE I 2 8080 JF 111, Jiid fsme UL L BRI 5 AL 7 HLHEAT I 11
T 8 IRBIE L AL EdE, — AR BEEFEAT s B REAS 5 .
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e
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o
¥

RW007 240x240 H{7LCD 40Pin WESRIRHE LR1220 RTC/S#&HE
WIFI KAFEGETS iR TTipiElo ithEE

sMmB

TS e === FaNaaYara
NorFlash e | = ..
| b b U et 3 RS485#M
ICM20608 | - ; .

FeiE e | 0 QI.%:)Er'ké ? - -
=

AP3216E | |
] e o 3

T
SFLEDIMNE

£ T 7 3

' Internet of

Spark-10Pin
Bl EEE

%ﬂmmu.

I :.: "n AARAAAEAER
AHT20 o L 5 M
_ A
oo ® :

B ~a—" o NER

| sz | [1owsmmenien | [sorm || aorse || Smme | [ees | [ semed |

8.2: LCD B K

8.3 EX{iiEA

ABIFEHIIERSALT /projects/03_driver_lcd.
R B F RS YEACHS A F libraries/Board_Drivers/lcd/drv_lcd.c .

7E main e, B 2B 0F ) LCD APT B8, 15 Je AT IS B84, 1% LCD 4 Hh s A
. e EEMENIE NERG, BRONAG. 5 LR RT-Thread 1) LOGO. )54 W —L4FEL,
BF5 16x16 53R, 24x24 R FR M 32x32 BRI =ATHOCTAF, —FFBEAT— A [0 A .

int main(void)
{
lcd_clear(WHITE);

/* show RT-Thread logo */
lcd_show_image(0, 0, 240, 69, image_rttlogo);

/* set the background color and foreground color */
lcd_set_color(WHITE, BLACK);

/* show some string on lcd */

lcd_show_string(10, 69, 16, "Hello, RT-Thread!");
lcd_show_string(10, 69 + 16, 24, "RT-Thread");
lcd_show_string(10, 69 + 16 + 24, 32, "RT-Thread");
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/* draw a line on lcd */
lcd_draw_line(0, 69 + 16 + 24 + 32, 240, 69 + 16 + 24 + 32);

/* draw a concentric circles */
lcd_draw_point(120, 194);
for (int 1 = 0; 1 < 46; 1 += 4)

{
lcd_draw_circle(120, 194, i);
¥
return 0;
b
84 BT

8.4.1 “wi¥ & T&
* RT-Thread Studio: 7£ RT-Thread Studio FJf % # 2%+ T~ % STM32F407-RT-SPARK IR, AR5
Bz TR, PATHRIF.

o MDK: 45X mklinks.bat, 4% rt-thread 5 libraries 0344 ¥ H Env 425 MDK5 T
F#; #Ja X project.uvprojx 77F MDK5 T.F2, $hAT%ii%.

PR RSE, ¥IF RN ST-Link USB M5 PC #Li%E#:, REEEME T HRETF AW .
8.4.2 BITHR
Y R R R R, W R LCD sEhrii k. [E#iafT)E, LCD k4 &8 RT-Thread

LOGO, T« &R 317K 16, 24, 32 FFHRMF, WP I —THLZL, HLR TN RO
. anF ETR

RT-Thread RT-Thread 2:X 1 SHFPFM 36



RT-Thread £k 1 5 H " T4 8.5 5 JHEE I

S—
RT-Thread

Hello, RT-Thread!

RT-Thread

RT-Thread

8.3: LCD K%

8.5 JFEEIN

BER I 30 240x240, AL ESHN 2D T 240, ARSMICEE AR . BRI
B O8N B BfR, BAERA, @ALERT, 16 fit (RGB-565). AFIFRARBIMA SCFE, NSRRI,

8.6 SIH&%

B
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AHT10 ;2,2 E Rz 61z

AR T Dy g 2 A RT-Thread ) AHT10 6 i 3 HUA% Jg& 25 aht10(aht21) Jir I & i) i 5
(temperature) 5% (humidity). KGR AE RS F IR BARGE, Brel SO aht10 fii 23k
AT E ¥ aht21.

9.2 AHT10 #H4EEN

AHT10 S 3400 7 8 IR B 5 VR P 4L k58 aht10 JEAThRS, JF HIRAE T # P 8E s S mr ik o
Ae, WTEVELN T iz, 5% AHTI10 4+ ) README.

9.3 fEHILRA

aht10 A {F R K N s

33
us
2 op Ne e
62 =—=C63 Ne —X
10F Tmon] oL |3 GPIO AHT &
5 1——%;
Iy GPIO AHT S

AHT21
I2C ADDR: 0x38

9.1: [ M S A% I D L B

Ul1.2
IGPIO AHT SCL 141 T
| GPIO AHT SDA 142

PE1
PMOD PE2 T
DAAATY DE2 2 PE2

9.2: i NE R A% IEKAS 5 08 AR

W BT, B ML B AE dic 12C3(soft) scl(PE0). 12C3(soft) sda(PE1) X 4% /# 8% aht10 & % iy
L. TEREESE . RE SRR AL ST R AR R AL E W R B AT s
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RW007 240x240 H{7LCD 40Pin WESRIRHE LR1220 RTC/S#&HE
WIFI SFEGET iR TTipiElo ithEE

sMmB

S === === ==
NorFlash . Lol ' S .
(T1T ] uuuuuuuuuuuu‘a‘iﬁﬁ--ﬁu‘uuu 9 RS485§D
ICM20608 T | g E S
l | : RT-Spark [ i1 —
[ f CANEDO
|

AUHERE >
gEx)s -

AP32165HE
fEERE

SFLEDIMNE

Spark-10Pin
Bl EEE

= : & 1 8 .__,‘.

_.

| sz | [1owsmmenien | [sorm || aorse || Smme | [ees | [ semed |

I_|'| T | . % @ B

AT

AHT20
IR

9.3: I NP L 1 /A &

AR B VE DY 1.8V - 3.3v, MERESI@ENER. KW T RN

g HE K1 A
i0i-3 -40 - 85 0.5 33913
FHX R RE 0-100 £3 %

9.4 EXHILRA

ABIFERIRISAL T /projects/03_driver_temp_humis

TR 550 P A RS (7~ 5 ACRY A2 T applications/main.c o, TR WIMILAE S aht10, fEAS
H12¢2 AL IR HEAN 120 MR AFR: WA R, WHR IS, FRPASHEIAT, HR), TR E
AR B R IR 5 R (B FR T8 0 G il A N B IG5 T P Y e B, R BB i B S5 IR (I
4iift) API 242 %# aht10 HAF O EBUR B 5@ AT, JRID2% aht10.0). A~ERIGLITR:

int main(void)

{
float humidity, temperature;
aht10_device_t dev;

/% BRI xS/
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const char *i2c_bus_name = "i2c3";
int count = 0;

/* G AR IRAR IEH AR %/

rt_thread_mdelay(2000);

/* HlEtk aht10 */

dev = aht10_init(i2c_bus_name);

if (dev == RT_NULL)

{
LOG_E("The sensor initializes failure");
return O;

while (count++ < 100)

{
/% SREUR R %/
humidity = aht10_read_humidity(dev);
LOG_D("humidity : %d.%d %%", (int)humidity, (int)(humidity * 10) % 10);
/* SEEUR B Y/
temperature = aht10_read_temperature(dev);
LOG_D("temperature: %d.%d", (int)temperature, (int)(temperature * 10) % 10);
rt_thread_mdelay(1000);
b
return 0;
¥
N=— ) —
9.5 =17

9.5.1 %i¥ & T

» RT-Thread Studio: £ RT-Thread Studio ffd% B &5 T~ % STM32F407-RT-SPARK B, A5
BIEH TR, $ATSRiE.

« MDK: #5EX0id mklinks.bat, 4:p% rt-thread 5 libraries SCf4F 9554, 48 Env 425t MDK5 T
F#; Mk project.uvprojx 777 MDK5 T2, #AT4miF.

e UG, P RIRY ST-Link USB 15 PC HLIERE, SRR M T EEH KR

9.5.2 BITHR

peF e e, LRI AT AR PC S fil F 28 3 T BATIFIF AR ST-Link $2 L 0 pul e 1, BEE o Lk
4115200, Hafs 8 i, (=14 1467, Foiitds, THARMRIIEAT H S SRR SEmf et ok, Sorin T B

\ |/
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- RT -
/ ]\

Thread Operating System
4.1.1 build Jun

9 2023 13:18:28

2006 - 2022 Copyright by RT-Thread team

msh >[D/main] humidity
[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

[D/main] humidity

[D/main]

9.6
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9.7 S|ASE

o BEHIS): 12C B
« aht10 ¥ f4f: https://github.com/RT-Thread-packages/aht10
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AP3216C #Zifk 5t {E Bess 5F=

10.1 &7

AR T Z Dy Re 2 A M RT-Thread ) AP3216C A4 6, 5 iU f% /B ap3216c¢ M & 1421 &N (ps,
proximity sensor) 5J¢li5EE (als, ambient light sensor).

10.2 AP3216C X4 E &1

AP3216C F it 7 ALK (ps) SulsRfE (als) f&/K4s ap3216¢ HATIHE, JFHIRM
TREPER TR RTIETRE, W VRN T AR, 3§25 AP3216C B {FH 1) README.

10.3 f#E{HiRA

ap3216c IR L T B

+3V3 +3V3

I2C ADDR: 0x1E

cas ciao
GNDIIlH l—“IIGND
47 ATuF
joni
1 4
VDD 1EDA
7 5
GPIO APS INT T| [ oo
C2 SCL 2 gy HEE
TG soa ]
12C2 DA ot X
D
EFIITEC
GND

B 10.1: -5t w (% B as bk 7 2 5]
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GPIO _AHT SCL 141 36 GPIO PG
GPIO_AHT SDA 22 ity GPI0 PGL
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GPIO CARD DETECT 15| LE2 PEH OSCHORF:
DAANTY PEA PF3

B 10.2: ZE-5L sg % AR5 0 A

W LB FTR, B HLER 12C2(soft) scl(PF1). 12C2(soft) sda(PF0) X f£/&#% ap3216¢ Kikar4 . i
W%, AP_INT(PG13) g 7 51 i .
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10.4 EH{Hi<RAE

ABIFEHIVEFSAL T /projects/03_driver_als_ps.

PRI IS 55 IR 58 P AR IR 3% ap3216¢ R FIfiS (7T applications/main.c #, FEHRFE: VIdftbik
&3 ap3216¢, fEASHi2¢1 NIZALRASEER M i2¢ MR LR, WIGLE LM, MEREZ, FEFASH
PAT, FRT, WHR B RES &0 R AR5 KR [ 1 5 0 R4 i 4% N 3RE als 5 ps ek &L, SREGI & 1)
als 5 ps {6 (V401 API 432 % ap3216¢ HPF I HUEE I BN 5 SR E 5511, YD 2% ap3216¢.c
Do ANBIAEEUTT

int main(void)

{
ap3216¢_device_t dev;
const char *i2c_bus_name = "i2c2";
int count = 0;
/* ¥lUEtk ap3216¢ */
dev = ap3216¢c_init(i2c_bus_name);
if (dev == RT_NULL)
{
LOG_E("The sensor initializes failure.");
return 0;
h
while (count++ < 100)
{
rt_uint16_t ps_data;
float brightness;
/* R EEE RN E %/
ps_data = ap3216c_read_ps_data(dev);
if (ps_data == 0)
{
LOG_D("object is not proximity of sensor.");
}
else
{
LOG_D("current ps data : %d.", ps_data);
}
/* BEOGIRREAE %/
brightness = ap3216c_read_ambient_light(dev);
LOG_D("current brightness: %d.%d(lux).", (int)brightness, ((int)(10 *
brightness) % 10));
rt_thread_mdelay(1000);
}
return 0;
}
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10.4.1 4Wi¥ & T

* RT-Thread Studio: £ RT-Thread Studio ffd% B &5 T % STM32F407-RT-SPARK B, A5
BIEEHT TR, PATHBE.

* MDK: ¥JEXH mKklinks.bat, 4% rt-thread 5 libraries 304328582, Ff# ] Env 4=t MDK5 T.
F#; fJa Xk project.uvprojx 7F MDK5 TR, #$hAT%ii%.

PniEoe UG, HIF IR ST-Link USB 15 PC HLiER:, SRS M T EEH KR

10.4.2 EITHR

BEsR e, BRI AT BLAE PC S fil FH i T BATIFIT AR Y ST-Link SRR A 1, B8 88 LR R
N 115200, #afs 8 i, f#ibAr 1467, Toiitds, THARBRIIIEAT H S SRR SEmf et ok, SR in T B

\ |/

- RT - Thread Operating System

/ |\ 4.1.1 build Jun 9 2023 13:18:36
2006 - 2022 Copyright by RT-Thread team
msh >[D/main] object is not proximity of sensor.
[D/main] current brightness: 32.9(lux).
[D/main] object is not proximity of sensor.
[D/main] current brightness: 33.6(lux).
[D/main] current ps data 7.

[D/main] current brightness: 33.9(lux).
[D/main] object is not proximity of sensor.
[D/main] current brightness: 33.9(lux).

[D/main] current ps data 7.
[D/main] current brightness: 33.9(lux).
[D/main] current ps data 11,

[D/main] current brightness: 33.9(lux).
[D/main] current ps data 1.

[D/main] current brightness: 33.9(lux).
[D/main] object is not proximity of sensor.
[D/main] current brightness: 33.9(lux).
[D/main] object is not proximity of sensor.
[D/main] current brightness: 33.9(lux).
[D/main] current ps data : 1023,

[D/main] current brightness: 0.0(lux).
[D/main] current ps data : 1023.

[D/main] current brightness: 0.0(lux).
[D/main] object is not proximity of sensor.
[D/main] current brightness: 32.9(lux).
[D/main] object is not proximity of sensor.
[D/main] current brightness: 33.6(lux).
[D/main] current ps data 1.

[D/main] current brightness: 33.6(lux).
[D/main] current ps data ;8.

[D/main] current brightness: 33.6(lux).
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[D/main] object is not proximity of sensor.
[D/main] current brightness: 33.6(lux).

10.5 FEEIN
BT

10.6 S|HS*%

o BHSWE): 12C B
» ap3216c H M https://github.com/RT-Thread-packages/ap3216c¢
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ICM20608 753 & =25 {5lFE

11.1 &N

AR T e & F A RT-Thread 17 ICM20608 #4652 B A% & 4% icm20608 F7 il & fry =%l i f
(three accelerate). —#ffg##{% (three gyroscope).

11.2 ICM20608 & {4E &N
ICM20608 % #fu & RT-Thread & %) 7S fh /£ /% 22 icmm20608 Ihae ¥ FH s B, 4 XA #fk e,
w] PLikiZ A% B 28 fF RT-Thread | 3E% J7 {8 {8 B icon20608 [ & A Ih e, B3R =8##EE (3-

axisaccelerometer). =#fi[¢421% (3-axis gyroscope). FHAZIHEZEThAE, W VEAN T M Z 4,
1EZ% ICM20608 # -t ) README.

11.3  #EHRA

icm20608 AF {4 5 2 B 40 R s

|1

VDD  REGOUT
VDDIO

6 7 T
GPIO ICM INT T RESV 470aF
DC2 SCL 2 , L1
R SCL/SCLK RESV

SDA/SDI  RESV

HVp————7] €8 RESV

ADO/SDO  RESV
8 13
FSYNC GND
ICM-20608-G
[2C ADDR: 0x68

)

@D

11.1: AN HhE RS IR HE
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— T | PE10 PG | mer
G iiE PE11 PG 7T Goio oM B
0 FEDS YE12 PO M Grows T
Eori ) e
GPIO PE15 : GPIO_WIEL
PE1S PG1S
J 2C2 SDA 10
Toc s i ]
GPIO MATRIX EN 7| ™! ~TH-OSCIN

B 11.2: ANlfERas 50 K

wn EE AR, 5O L@ 12C2(soft) scl(PF1). 12C2(soft) sda(PF0) x££ /24 icm20608 ik iy 4
W E4E, ICM_INT(PG12) Jyfg £ i 51 i .

INHAR IRARAETT RAR A AL B 0 R B s :

RW007 240x240 H{7LCD 40Pin WESRIRHE LR1220 RTC/S#&HE
WIFI SRFEYEET iR TPiEIo thEE

8MB T
NorFlash © i ' °
ERTIRRERE (VR VIV IV VI VRV VOV V- o~ ™ u‘ MW ’ RS4854%M
ICM20608 | | | Wi
a1 . RT-Spark P’ (2] e (canzn |
e —— | =i 1 CAN}%D
Q) s L=
AP321685E | | =
iz hi ® |

LI T

SFLEDIMNE

Spark-10Pin
BIEEEFS

AHT20
IR

T

| axsn | [ 1ormmmemie | [sorm || asves || S | | mes | | swemna |

11.3: AHlifE /& as 7 B

WA AR RENS SEDLIN R DI RE -

o SCRF 4 Fh =N B
o SCRF 4 Fh=Hh IR CERE
o SR EEME

114 #H{HiRAA

AN FEIVRISAL T /projects/03_driver_axis.

FNHE AR 1cm20608 [~ B ARG A7 T applications/main.c #, FERE: VAL > FHEK
> S =R R S =B, A3l R R ik -
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1. VIR RS

VILEAL R %L icrn20608_init /5 A 1251 i2c_bus_name Az &S HE 1) i2¢ MR 4 Hk, ST WAL,
VIR I, MR 1A, 25, TR BN AR 2SI 3 &5 % dev.

2. FaRHE

HORAE AT RERAER, x M.y BRI TARPIRDS, HAABISATEES: R HZER R
icm20608_calib_level #:47 ZFE R HERT, (& NBEX R dev S B F(E K E (IbAbA 10 &k, WL,
R BRI, PORRIMG, BBCRIE, 5 R2h, R RT_EOK, FEAEEIEAFHAE R &5 % dev i, ¥
MEHAFNSH icm20608 FfF B HER .

3. B =N S =Rl FEARAX

RIS, AT B . R R M, PERARIEER AN IE® TAE; WS acsh,  FT B H = e
S5=5rp A S R R API A5 icm20608 B = finig 2 5 = #hpe g =, Y
27 1cm20608.c).

ZRIAMEL I

int main(void)

{
1icm20608_device_t dev = RT_NULL;
const char *i2c_bus_name = "i2c2";
int count = 0;
rt_err_t result;

/* WE A icm20608 L& 25 */
dev = icm20608_init(i2c_bus_name);
if (dev == RT_NULL)

{
LOG_E("The sensor initializes failure");
return 0;
h
else
{
LOG_D("The sensor initializes success");
¥

/* X 1cm20608 #EAT FAE KR HE: KA 10 K, KRB-FEAENTE */
result = icm20608_calib_level(dev, 10);
if (result == RT_EOK)
{
LOG_D("The sensor calibrates success");
LOG_D("accel_offset: X%6d Y%6d Z%6d", dev->accel_ offset.x, dev->
accel_offset.y, dev->accel_offset.z);
LOG_D("gyro_offset : X%6d Y%6d Z%6d", dev->gyro_offset.x, dev->gyro_offset
.y, dev->gyro_offset.z);
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2

else

{
LOG_E("The sensor calibrates failure");
icm20608 _deinit(dev);
return 0;

}

while (count++ < 100)

{
rt_int16_t accel_x, accel_y, accel_z;
rt_int16_t gyros_x, gyros_y, gyros_z;
/% R = D R B %/
result = icm20608_get_accel(dev, &accel_x, &accel_y, &accel_z);
if (result == RT_EOK)
{
LOG_D("current accelerometer: accel x%6d, accel_y%6d, accel_z%6d",
accel_x, accel_y, accel_z);
}
else
{
LOG_E("The sensor does not work");
break;
}
/% R HL = RE R A S/
result = icm20608_get_gyro(dev, &gyros_x, &gyros_y, &gyros_z);
if (result == RT_EOK)
{
LOG_D("current gyroscope : gyros_x%6d, gyros_y%6d, gyros_z%6d",
gyros_x, gyros_y, gyros_z);
}
else
{
LOG_E("The sensor does not work");
break;
}
rt_thread_mdelay(1000);
}
return 0;
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11.4.1 %iF¥ & T

* RT-Thread Studio: £ RT-Thread Studio ffd% B &5 T % STM32F407-RT-SPARK B, A5
DI TR, AT

* MDK: ¥JEXH mKklinks.bat, 4% rt-thread 5 libraries 304328582, Ff# ] Env 4=t MDK5 T.
F#; fJa Xk project.uvprojx 7F MDK5 TR, #$hAT%ii%.

PniEoe UG, HIF IR ST-Link USB 15 PC HLiER:, SRS M T EEH KR

11.4.2 BITHE

BER e, BRI AT BLAE PC S fil FH 2t T AT IR IT AR 9 ST-Link S (A RELL R 11, BB &5 LR
N 115200, #afs 8 i, f#ibAr 1467, Toiitds, THARBRIIIEAT H S SRR SEmf et ok, SR in T B

[D/main] The sensor initializes success
[D/main] The sensor calibrates success
[D/main] accel_offset: X 718 Y 1524 Z 1199
[D/main] gyro_offset : X -89 Y 71 Z -54

[D/main] current accelerometer: accel_x 122, accel_y -68, accel_z 16441
[D/main] current gyroscope I gyros_x 45, gyros_y -9, gyros_z -19
[D/main] current accelerometer: accel_x 94, accel_y -36, accel_z 16561
[D/main] current gyroscope I gyros_x 10, gyros_y -15, gyros_z -7
[D/main] current accelerometer: accel_x -18, accel_y -40, accel_z 16421
[D/main] current gyroscope I gyros_x 5, gyros_y -3, gyros_z 13
[D/main] current accelerometer: accel_x 42, accel_y 4, accel_z 16549
[D/main] current gyroscope . gyros_x 10, gyros_y -6, gyros_z -5
[D/main] current accelerometer: accel x 14, accel_y 32, accel _z 16489
[D/main] current gyroscope I gyros_x 13, gyros_y -4, gyros_z -5
[D/main] current accelerometer: accel_x 38, accel_y 40, accel_z 16381
[D/main] current gyroscope : gyros_x 12, gyros_y 11, gyros_z 13
[D/main] current accelerometer: accel_x 70, accel_y -20, accel_z 16369
[D/main] current gyroscope . gyros_x -5, gyros_y 9, gyros_z 0
[D/main] current accelerometer: accel_x 30, accel_y -52, accel_z 16457
[D/main] current gyroscope . gyros_x 11, gyros_y 5, gyros_z -3
[D/main] current accelerometer: accel_x -94, accel_y -24, accel_z 16473
[D/main] current gyroscope . gyros_x 42, gyros_y 0, gyros_z 13
[D/main] current accelerometer: accel_x -38, accel_y -64, accel_z 16421
[D/main] current gyroscope . gyros_x 27, gyros_y -7, gyros_z -3
[D/main] current accelerometer: accel_x 78, accel_y 52, accel z 16513
[D/main] current gyroscope . gyros_x 11, gyros_y 16, gyros_z -23
[D/main] current accelerometer: accel_x 26, accel_y -16, accel_z 16409
[D/main] current gyroscope I gyros_x 5, gyros_y -8, gyros_z -2

11.5 FEEI
BF.
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W

11.6 S|HEE*

« B&5IE): PIN &
* icm20608 #fFfL: https://github.com/RT-Thread-packages/icm20608
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CAN +3V3 +5V_SYS
94 95
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100nF 5 3 1000F -
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— ol &
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Q
o
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12.2: CAN % )5 21 5]
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PRI TR W IR K 1 SR BOR M CAN BB RGR DIRe, SRR B BT
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o I
I i
et RT-Thread t

L Lt

o ) T O TR T T

— |
RT-Thread |

AR AL EERAT el KN E
oMok M MR R B E R R
.

12.3: CAN #%#:

12.3 FREikAAR

ABIFERVRISAL T /projects/03_driver_can.
CAN 15 ALz T applications/main.c /.

int can_sample_send(int argc, char *argv[])

{

rt_err_t res;
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}

rt_thread_t thread;
char can_name[RT_NAME_MAX];

if (argc == 2)

{
rt_strncpy(can_name, argv[1], RT_NAME_MAX);
S
else
{
rt_strncpy(can_name, CAN_DEV_NAME, RT_NAME_MAX);
}

/* T CAN & & */

can_dev = rt_device_find(can_name);

if (!can_dev)

{
rt_kprintf("find %s failed!\n", can_name);
return RT_ERROR;

/% DL W R R M R ik U7 AT JF CAN % %/

res = rt_device_open(can_dev, RT_DEVICE_FLAG_INT_TX | RT_DEVICE_FLAG_INT_RX);
RT_ASSERT(res == RT_EOK);

/* ) E Bl U AR xS

thread = rt_thread_create("can_tx", can_tx_thread, RT_NULL, 1024, 25, 10);

if (thread != RT_NULL)

{
rt_thread_startup(thread);
¥
else
{
rt_kprintf("create can_rx thread failed!\n");
}
return res;

/* S F msh @A 7 ED */
MSH_CMD_EXPORT(can_sample_send, can device sample);

S A
ﬂﬂ/?\

ERARDFTIT 7 —A> CAN &4 cant, BiJE Q& 17— CAN JOA 4. /el #3 A 2 MSH
IS

static void can_tx_thread(void *parameter)

{

struct rt_can_msg msg = {0};
rt_size_t size;

msg.id = 0x78; /* ID J~y 0x78 */
msg.ide = RT_CAN_STDID; /% bR AERSE L */
msg.rtr = RT_CAN_DTR; /% KA/
msg.len = 8; /* HEKESN 8 */
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* fFRIER 8 F R */
rt_memset(msg.data,0,sizeof(msg.data));
int number = 0;
while(1)
{
/* Rik— i CAN iz */
rt_sprintf((char *)msg.data,"rtt:%d",number++);
size = rt_device_write(can_dev, 0, &msg, sizeof(msg));
if (size == 0)
{
rt_kprintf("can dev write data failed!\n");

+
rt_thread_delay(1000);

TERIZLRET, HHEWHE CAN KiIESH, id=0x78 {f FArEM], WA Rm, BIEKE ) 8. b
JE RS s I — O IEREL H number i CAN M2 AkiE 2.

int can_sample_receive(int argc, char *argv[])
{

rt_err_t res;

rt_thread_t thread;

char can_name[RT_NAME_MAX];

if (argc == 2)

{
rt_strncpy(can_name, argv[1], RT_NAME_MAX);
¥
else
{
rt_strncpy(can_name, CAN_DEV_NAME, RT_NAME_MAX);
}

/* EHk CAN # & */

can_dev = rt_device_find(can_name);

if (!can_dev)

{
rt_kprintf("find %s failed!\n", can_name);
return RT_ERROR;

/* Wlthtk CAN W55 & */
rt_sem_init(&rx_sem, "rx_sem", 0, RT_IPC_FLAG_FIFO);

/% DL I R U B ik T7 AT IF CAN & */

res = rt_device_open(can_dev, RT_DEVICE_FLAG_INT_TX | RT_DEVICE_FLAG_INT_RX);
RT_ASSERT(res == RT_EOK);

/% Q)RR R IR R S

thread = rt_thread_create("can_rx", can_rx_thread, RT_NULL, 1024, 25, 10);
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if (thread != RT_NULL)

{
rt_thread_startup(thread);
¥
else
{
rt_kprintf("create can_rx thread failed!\n");
¥
return res;

s
/* B msh @y &5 R H */
MSH_CMD_EXPORT(can_sample_receive, can device sample);

ER %y CAN SMCIsEBL, E IR IS 58, FEJSTJT 1 CAN ¥ cant, REGIE 74
PR

static rt_err_t can_rx_call(rt_device_t dev, rt_size_t size)

{
/* CAN W 2404 j5 = A=k b, WH MR R 2, REREBERESE */
rt_sem_release(&rx_sem);
return RT_EOK;

¥

static void can_rx_thread(void *parameter)

{
struct rt_can_msg rxmsg = {0};
/% VB R R R S
rt_device_set_rx_indicate(can_dev, can_rx_call);
while (1)
{
/* hdr N - 1, R HEMN uselist & K B HUEIE */
rxmsg.hdr = -1;
/* PHESGREERGESE */
rt_sem_take(&rx_sem, RT_WAITING_FOREVER);
/* M CAN 2 HU— i # 4l */
rt_device_read(can_dev, 0, &rxmsg, sizeof(rxmsg));
/* TEVE Y ID KN */
rt_kprintf("ID:%x\tmessege:%s\n", rxmsg.id, rxmsg.data);
}
}

PR RE P e g0 R Bl R A, AR IR s AP RS S . B IR %, E RIS 3 T
Boi. BARAE SR R EREIREEATE Tk,

RT-Thread RT-Thread £X 1 SH P FH# 59



RT-Thread &/« 1 5 H ) Fif 12.4 %5 817
12.4 I&1T

12.4.1 %iF & T

 RT-Thread Studio: 7t RT-Thread Studio 3% ¥ 45H F#k STM32F407-RT-SPARK BiJifl, )5
DI TR, AT

* MDK: #5EXE mklinks.bat, 4% rt-thread 5 libraries SCfFJe854%; Fif# A Env 42 MDK5 T
;% Ja X project.uvprojx 77F MDK5 TR, $hAT%ii%.

12.4.2 EITHR

% T AL E R TT R 20 AE SRS L 3 A B RE AR R

\ |/
- RT - Thread Operating System
/ ]\ 4.1.1 build Jul 10 2023 15:13:34
2006 - 2022 Copyright by RT-Thread team
msh >can_sample_send

msh >
\ |/
- RT - Thread Operating System
/ |\ 4.1.1 build Jul 10 2023 15:13:34

2006 - 2022 Copyright by RT-Thread team
msh >can_sample_receive
msh >ID:78 messege:rtt:0

ID:78 messege:rtt:1

ID:78 messege:rtt:
ID:78 messege:rtt:
ID:78 messege:rtt:
ID:78 messege:rtt:
ID:78 messege:rtt:
ID:78 messege:rtt:
ID:78 messege:rtt:
ID:78 messege:rtt:9
ID:78 messege:rtt:10
ID:78 messege:rtt:11
ID:78 messege:rtt:12
ID:78 messege:rtt:13
ID:78 messege:rtt:14
ID:78 messege:rtt:15

o N ot N

bR, fEJRBNRIEGIRE G, RIBGIREEERG 1s Aok — kBl . m#iBire, Y@l 7 ID y 78 Ml
FAETER A BT HATED 1 k. ## JE R0

TEEFE CAN SZRHIB i, 15K CAN L %43 CAN L,CAN H i%4%%| CAN H.
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12.5 S|HEE&*

o &% 55 CAN ¥+

RT-Thread
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AP32165HE
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13.4: LED v &

13.3 47 FA

ABIFERIVRISAL T /projects/03_driver_led_matrix.

7E main EFEH, G 7 — led matrix demo ZF2H H 5 %442

int main(void)

{

led_matrix_thread = rt_thread_create("led matrix demo", led_matrix_example_entry
, RT_NULL, 1024, 20, 20);
if(led_matrix_thread == RT_NULL)
{
rt_kprintf("led matrix demo thread creat failed!\n");
return 0;
}
rt_thread_mdelay(200); // avoid multi-thread on LED matrix transmit.
rt_thread_startup(led_matrix_thread);

return 0;

TS S L T LED MATRIX #1 i LED /75, #AJ57E led_matrix_example_entry() H 1

555 LED o
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/* define LED */

enum{
EXTERN_LED_O,
EXTERN_LED_1,
EXTERN_LED_2,
EXTERN_LED_3,
EXTERN_LED_4,
EXTERN_LED_5,
EXTERN_LED_6,
EXTERN_LED_7,
EXTERN_LED_8,
EXTERN_LED_9,
EXTERN_LED_10,
EXTERN_LED_11,
EXTERN_LED_12,
EXTERN_LED_13,
EXTERN_LED_14,
EXTERN_LED_15,
EXTERN_LED_16,
EXTERN_LED_17,
EXTERN_LED_18,

}

rt_thread_t led_matrix_thread;

static void led_matrix_example_entry()

{
int count = 0;
while (1)
{
for (int i = EXTERN_LED_O; i <= EXTERN_LED_18;
{
switch (count)
{
case 0:
led_matrix_set_color(i, RED);
break;
case 1:
led_matrix_set_color(i, GREEN);
break;
case 2:
led_matrix_set_color(i, BLUE);
break;
default:
return;
break;
}

led_matrix_reflash();

RT-Thread RT-Thread 2:X 1 SHFPFM
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rt_thread_delay(20);

}
count = (count + 1) % 3;

13.4 =17
13.4.1 %wiF¥ & T&

* RT-Thread Studio: 7t RT-Thread Studio ()€ B4 1 T 41 STM32F407-RT-SPARK B AL, R)5
DI TR, $ATE.

« MDK: %X mklinks.bat, 4:pk rt-thread 5 libraries SO Je4E#z; 4 H Env 42 s MDK5 T.
F#; e Ja Xl project.uvprojx 477 MDK5 T.#2, $4T%i1%-

13.4.2 BITHR

P N AR E R T R, WS R b LED MATRIX (5EbRa0 . IE#i247)/5, B LED &%
2L, Sk WP ZEA ssE i B PR

—

el
2 X

& 13.5: LED 75 i
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13.5 EEEN
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F14=
USB Rtz

14.1 BIFEFEN

AR A P A ) 7N il 1 JE 4 1cm20608 FRIBUT AR e 7 70 Je A 5 SR Ja 4o BRUBR AL A2 45
(7 IR A5 P AR 2 B S T SRR (9 22 A B, i X 28 bR Bl RT-Thread () USB Z41F &I U, M
T SEBUT RARAEA USB BRI T BE -

14.2 MHEXAHSREEEN

14.2.1 RT-Thread USB B4
AT /rt-thread/components/drivers/usb, & RT-Thread {&# USB2.0 W54 USB Wil
@ mEm S, SR host (EHL) Bixl. device (ML) .

A fovE A P s %2 RT_USB_DEVICE_COMPOSITE 53 24 Dfe, JoHRASMAARS BT 2 A%
FHRMIATR S, BUEH O BLRMR . MRS s KEBEA MBS, Mol USB 4.

AR RSN A T T AR T AR AU RS R 1, B R )R SDK CRREFIT R T HE A o PCD
Coig AN IR 5) B HH A\ 3 RT-Thread, SEBl 0 fQA% (% USB.

14.2.2 ICM20608 &6

AL T /projects/04_component_usb_mouse/packages/icm20608-v1.0.0 #', ;& RT-Thread
BEX 7S Bl A% A% icm20608 D RE A A A SE B, X AN, T DLk 4% R 72 RT-Thread EAE#
Ji fEAEH icm20608 1 AT RE, AR EEC = (3-axis accelerometer). = HifE IR (3-axis
gyroscope). FEMMEFINAE, WFHEA T iz, 525 ICM20608 # -+ ¥) README.

14.3 fE{ikAR

11 USB J5 2 K o :



RT-Thread £k 1 5 H ) F it 14475 WA

%

T 2 ] ‘
G-"D"‘I"—‘T ESTIEATA T

i

R45 R46 L;
3 1K) 1] &
TTPECUSHZ0

@D

14.1: USB K]

USB-DEV /& A5l F2 48 F f¥) USB OTG #:11, H ' USB_D-(PA11) . USB_D+(PA12) }y USB FHL5MHL
FIBHEAZ B0, ABIFRE T RARAE ML, HRE N ENL.

USB #:1. BUbr#ahd 515/ icm20608 £ AR i (A7 & 4n T B s

RW007 240x240 H{TLCD 40Pin WIERIRE LR1220 RTC/S#&EE
WIFI SRFEYEET iR TPiEIo thEE
8MB P~ === === farm

NorFlash i o | | o ‘ ..
| (VRIVIRT VIV VR VIV T VRV~ VIV D RS48540
ICM20608 | &3 [

- | C RT—SparkéP’j o -

ExQ@ s

AP3216%E | |
iz ! .% T 2

T
SFLEDIMNE

Spark-10Pin
BIEHEES I u
® anf \ : n
2R gﬂm -
9! = I i | (e
AHT20 ‘ V4 THEEE' RESET

| sz | [1owmmmenien | [sore || asiee || s | (e | |smmea |

14.2: 117 & H

14.4 EH{HiRRH

USB S brIFENL T /projects/04_component_usb_mouse H3%'F, HEE A E U A 41 R FiR:

A i

applications N
applications/main.c app A0
aoplications/SD_mouse.c USB sl br S FH 20
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SCAF ]
packages B S i B O A
packages/icm20608-v1.0.0 TN IR AR

Bl E BRI T

1. WA B BB

AR B LAY hidd (Y hid B, WIAAK 1cm20608 f&/Kes, WAL AR1% 6 .
2. fTIT 8%

BRI hid %4
3. BUgELRE

73 QI SRR B A IR AL BRLGRE | AR IR B IS A B AR L AR RE, T R SR LI
Zirg.

14.4.1 USB RBARINEEIEFRE X

const static float mouse_rang_scope = 6.0f; /* 4 Z i 5 {§ */

RAMEVGEITT R E T ARSI SRANE, WRAEE S (E/), SARBR B, BOK R R i,
EEMZKT 0, /M 45,

const static float mouse_angle_range = 80.0f; /* i I fii & 4 2 ff /& */

XAMERGE TN HlAL S 1cm20608 BRI EEFEHIME, JEH Y 0-90 JE.

const static float mouse_move_range = 127.0f; /* # z) {5 1 & K {H */

RAME R AE T IF RARUR} F P e SR A SR e K AE,  BRA e KA

#define mouse_ratio (mouse_move_range / mouse_angle_range) /* fi J¥ & =) b */

XA EEPIMERIE, AR AR B AR B 10 A B Bl AR RS SR B I b 3R . 7 A P — R IR L
T AEBOK, WARE SN R EGEOR, RN, SRS B A .

const static rt_uint8_t mouse_pixel_len = 5; /* & 2z & K */

RAMARE TEHR BB EIID A, Hll/,  BAR PRSI SN, RARTe e R mt i, BUEVEH
0-127.

const static rt_uint32_t mouse_sample_times = 0; /* f b Wi 8 W (A */

RAMEGE T RN RIS [R],  BRIASZ BN SRR B . MR, mTRAROR, TR H &
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14.4.2 JRIBMNAR

USB HID b SZBL RS B W R iR :

frF

b &

= {E
WLk S iafHEE R
22 Sk s v . RARGLIS EE
Hi#iES BS54
[ * |
HWREIMES A
% 7 B B

14.3: FARFEE

TFEMITURIEH 24T )5, RT-Thread ##1/E RS MILFE L s KL, B K217, AN

A IS B B 5 A R R 9 BT B B = AN g T S = B FE RO M B, AR A e i B R
AR E RS ME, KRR, MR BURME, B AR5 2, H i URME (1 1557055 0
SRR AL RS 1R 75 R, ABUARHEL AR R /IN X IS SRR A2 RO R0 s A 5 ol s A0k 2 it 58 B AR S RS R 1

LA I 2 AR S0 STR I T AR B LT, A A s R 0 I 42 B 0 s SR 1 A B B
SRS, ACPLERUS R BUE AR BN, SRR Z R R AR .
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14.4.3 USB #EHIFEIEFEAO

static int application_usb_init(void)

{

14.4.4

RT-Thread

/* BR LN hidd W& & */
rt_device_t device =
/% WU AN Bl AL B AR W% %/
icm_device = mouse_init_icm();
/* HIUE AL B xS
mouse_init_key();

RT_ASSERT(device != RT_NULL);
RT_ASSERT(icm_device != RT_NULL);

/* AT HEKBK hid & & */

rt_device_open(device, RT_DEVICE_

/* HlUEfk USB B2 */

rt_thread_init(&usb_thread,
"hidd",
usb_thread_entry,
usb_thread_stack,
10, 20);

rt_thread_startup(&usb_thread);

/% WG Ak oS il ff IR A AR Y

rt_thread_init(&icm_thread,
"icm20608",
icm_thread_entry,
icm_thread_stack,
10, 20);

rt_thread_startup(&icm_thread);

/% HIUE AL H B SRR+

rt_thread_init(&key_thread,
"key",
key_thread_entry,
key_thread_stack,
10,20);

rt_thread_startup(&key_thread);

return 0;

Hix & TEL

QIR LA, AT %

14.475 B

rt_device_find("hidd");

FLAG_WRONLY);

device,
sizeof(usb_thread_stack),

RT_NULL,
sizeof(icm_thread_stack),

device,
sizeof(key_thread_stack),

* RT-Thread Studio: 7& RT-Thread Studio % # 2%+ T~ % STM32F407-RT-SPARK BIRE, AR5
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o MDK: #5txit mklinks.bat, ER% rt-thread 5 libraries SCfF 4%, 84 Env 225 MDK5 T
F#; & Ja Xk project.uvprojx #77F MDK5 T2, #$AT4%1%.

ke UG, BIF R ST-Link USB 15 PC HLIER:, SREHE M FEEIF KR

14.4.5 BITHR

BT 2 I, JEH RGN USB OTG B2 115 e b, it i 4 er B g8 a1, W LARILE T —
MRARR A, T R

v ) StFNEMERE

@ HID-compliant mouse
( HID-compliant mouse

N P ., ST E B ET B R oA ok

14.4: izf7HE

PR O, EEJE, 20 AT A OCHR AR B AT o m R H &, BB »

\ |/

- RT - Thread Operating System

/ | \ 4.0.1 build Mar 28 2019

2006 - 2019 Copyright by rt-thread team

[D/3D_mouse] The 3D mouse initializes success # 5% BT 46 16 Ak
8]
msh >[D/3D_mouse] left down #IC IR R

[D/3D_mouse] left down

[D/3D_mouse] left down

[D/3D_mouse] right down #A4 R
[D/3D_mouse] right down

[D/3D_mouse] right down

[D/3D_mouse] right down

[D/3D_mouse] move_max : 5, X: 0, y : 5 # R bR % 3
[D/3D_mouse] move_max : 7, X 3, vy : 7
[D/3D_mouse] move_max : 7, x: 0, vy : 7
[D/3D_mouse] move_max : 14, X: 0, y: 14
[D/3D_mouse] move_max : 14, Xx: 0, y: 14
[D/3D_mouse] move_max : 21, X: 0, v : 21

14.5 EEEM

o
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%15 =
TF R X ER 55Tz

15.1 &Y

AGIREAE TR L TF RA R TF RAEN ST RGN s, sl (e TF K LRI S/F R4
LA, IO R SiE) rt-thread #IF RS

A RGBT )E, s W SO R GRS D REXT H M SR AT R A

15.2 #EHRA

AUORGIRAE % 28 %S SDIO #2112 () SDIO, R B KN Fos:

+3V3 +3V3
gaanmuEni
[a7ur | 100aF
GND
CN1
__SD DAT? 1 /D -
“"SD DAT3 7] CoDAT
SD_CMD 3
» ~ oD
5D CLK R30 — 5| VDD
- 5{ CLK o
SD DATO T Vss 7 ZZ2Z3
@ DATO
“~SD DATI “|l paT1 O FEEE
oh [l S S o)
_ sD CD ~ELCL
SD_CARD 014 .
= GND

15.1: TF FiE#2 )52 A

TF RI-RAEETT A 1A B U T B s
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RW007 240x240 H{7LCD 40Pin WESRIRHE LR1220 RTC/S#&EE

WIFI SIFEETS '’ ZiEo ithEE
amB . T S i imim .
NorFlash P | —ae ..
' UUUUUUULUYUUUYU @ ’B RS485§D
ICM20608 | o | UY- = :
U - -Spar SEIgSE
- = - canzO |
2x@)=s = X
AP32168E | | =
femes 1T Y

LI T

SFLEDIMNE

£ T 7 3

' Internet of

Spark-10Pin
Bl EEE

%ﬂmmu.

I :.: "n AARAAAEAER
AHT20 o L 5 M
_ A
oo ® :

B ~a—" o NER

| oz | [1owmmmewien | [sore || asvse || s | [mes | [ smmed |

15.2: TF Ftifr &

15.3 X{41REA

ABIFEIVERS AL T /projects/04_component_fs_tf_card.

15.3.1 =EHIRIEKRBIAA

HH M R HIEARIL A T applications/main.c H1. 7E RG4S Fh 2K B id %% sd0 A i) S & 45 BA
fatfs CfF RS AIEHERE X/ L.

int main(void)

{
/* AR A EMR I FE BER RS */
rt_thread_delay(1000);

#ifdef BSP_USING_SDCARD_FATFS
/* HHTF FHP XM RS, S8 elm R EBRPI XM RE RN elm-fat L RF */
if (dfs_mount("sdo", "/", "elm", 0, 0) == 0)
{
LOG_I("Filesystem initialized!");
}

else

{
LOG_E("Failed to initialize filesystem!");
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b
#endif /*BSP_USING_TF_CARD*/
return 0;

15.4 BT
15.4.1 %mi¥ & T&

 RT-Thread Studio: £ RT-Thread Studio L ¥ 2% 1 T # STM32F407-RT-SPARK 4L, RJ5
BIEEH TR, AT

* MDK: ¥4EXH mKklinks.bat, 4% rt-thread 5 libraries 04325542, F#f Env 4= MDK5 T
F#; fJa Xk project.uvprojx 77F MDK5 TR, #$hAT%ii%.

GiEse UG, HIFRIR ST-Link USB 15 PC HLiER:, SREHE M & B KR

15.4.2 BITHR

1. 7€ PC 3itfii FH 2855 T BT IR RAR K ST-Link $24tfEplE O, # 8 1152008 1N

2. MFFRIR TF R BN TF .

3. W NEMIEEE R TR, WREFHR “Failed to initialize filesystem!”, X /&N TF K HiE &
AR RS .

4. AR, AT H O R fat #%5, ATRAZES. 7E msh 8 A4 mkfs -t elm sd0 #] LA7E
Pk % sd0 Ha g elm-fat KM SRS, BIXF TF RPATHE L. 5 mkfs #1E S5 7
WA R A, TR .

5. BbiF 4% R & A B E R TR, AT LA 23R “Filesystem initialized!”, W SC/F RS H:# D
FTENE B W R FioR:

\ |/

- RT - Thread Operating System

/ |\ 4.1.1 build Jun 13 2023 09:54:41
2006 - 2022 Copyright by RT-Thread team
msh />[I/SDIO] SD card capacity 1967104 KB.
[I/main] Filesystem initialized!

msh />1s # i/ 1s b EFEXH ARG HRARER
Directory /: # TUERCEAFAEMRA K /

msh />mkdir rt-thread # A7 rt-thread {3k

msh />1s # BEHXEEMNT

Directory /:
rt-thread <DIR>

msh />echo "hello rt-thread!!!" # 0 7 FF R B bR UE fa

RT-Thread RT-Thread 2:X 1 SHFPFM 76



RT-Thread £k 1 5 H " Ft 15.5 75 EEF

hello rt-thread!!!

msh />echo "hello rt-thread!!!" hello.txt # I 7 %F & H f i £ hello.txt
msh />1s

Directory /:

rt-thread <DIR>

hello.txt 18

msh />

msh />cat hello.txt # & A hello.txt XMW & IF i b
hello rt-thread!!!

msh />1s # BEYHH (G
Directory /:

rt-thread <DIR>

hello.txt 18

msh />rm rt-thread # M rt-thread Cff 3%
msh />1s

Directory /:

hello.txt 18

msh />rm hello.txt # M hello.txt X
msh />1s

iy

Directory /:
msh />

15.5 JFEEN

HHOE RG220 — 2 Zifh TF Rk v Fat X RG R mkfs #&200k), B HEERIL

15.6 SIHEE&%

o Ak BRSO ARG
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16 =
KIFEHF=

16.1 &Y

&

BEE VIR (T0T) FIPGES, 7 fiotS ThAE 0 7 SROBOR SR 2 o A DR iodle R 4R ) A% IR 9 R Il 5 24
AL I AR, T AE RN Y SoC -t 7 EEAG BRI i I D) RE AN B AR AR hAE -

FEP G IT R BE IR B, B a8 R AR SE U™ i M ThBETT K. 1R i DD BEIBR D 5e 8 2
NWIEE ). N TG ToT HX Al oK, RT-Thread f@ft 1 s BAELE . HIR A BRARE
HIEW], AR IR D FE D) RE S -

PM A AR 45 5

F

o PM A2 T AORE BT 4E

PM 2] AR AR 2 5 3 ST B RO &, W ORAEAS [ iz AT B U mT DUIE H AR

PM 2] AR A 2 3 BB R AR, B DR AE S A A AR IRAR R 7T AR A A R
PM 24 S RF TG R ARAIR IS )4, B4R OS Tick B4R H ar LA WA

o PM 41F 1) ERR M0, W 1B SO R G AL, B A AT DU SO R S04 1 R U ]

A FEE R RT-Thread (1) & # 401F (Power Management, LUK faiifk PM 414F) M. 3T
PM Z4, - a] MR AA 58 AR DIFE R TT K
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16.2 fE{HixRH

SW2
GPIO BTN UP —

+ g ||IIGND

W3
GPIO BIN LEFT ——

e ||IIGND

SW4
GPIO BTN DOWXN —r

T * |||IGND

W3
GPIO BTN RIGHT —r—

e + |||-GND

SWé

t—F 1 I

NRST

16.1: 26 ik J5 P

R 26 | GPIO BTN LEFT
et 27 [szo BIN D%EVN}

I8
Sk SPL2 M]SO
PC3 =

PC4

PC5 |y e
PCE 9 GPIO LED EXT PC6

PO 1283 MCK

B 16.2: f&HER A HLg

o LR, IR HURE 8 ] BTN_UP $28 Mefiie ab T ARIRCIR &5 19 MCU. BTN_UP #2824 4 51 5 L

i1 45 5111 (PC5), %5 MRS by, il Hh e iE MCU .

16.3 FX{41%EA

PM 2 YR ARIS A7 T /projects/04_component_pm/applications/main.c .
FATEH BTN_UP $2 8 SRk me i kb AR AR A 20 MCU. —fefB 0 R, 7E MCU Ab-T LA IR AR IR A

A, HAEE R e r 5 et . MCU # Mg 2 Ja, 2 fd R AN . DL 62 & BTN_UP 4% % M
PM_SLEEP_MODE_DEEP Mifif MCU, Mifif 2 J5 41 1 LED #r&l i 2 70, HiA| 3 4 LED $%4: N 4.

BIFEINTILE main() BRECH .

int main(void)

{

/* G — AR K I CPU R 15 8 76 4k 8L iz 47 */
rt_thread_t led_cycle_tid = rt_thread_create("led_cycle",led_cycle,RT_NULL

,512,21,10);
if(led_cycle_tid == RT_NULL)
{

rt_kprintf("led_cycle_tid is null\n");
¥

rt_thread_startup(led_cycle_tid);
VALY NE T IR R A
wakeup_init();
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VAN R R G R A
pm_mode_init();
rt_kprintf("pm_mode_init!\n");
while (1)
{
rt_kprintf("wait sem!\n");
AN XEL R
if (rt_event_recv(wakeup_event,
WAKEUP_EVENT_BUTTON,
RT_EVENT_FLAG_AND | RT_EVENT_FLAG_CLEAR,
RT_WAITING_FOREVER, RT_NULL) == RT_EOK)

{
led_app();
}
¥
return 0;

main() PRECE eSS MRANIRIL TAF: AIEMBE S FRPIMG. PM BIICE .. LREMaE; REHE
PR B — ELAEAS i BUAOR (KM R, W Rl 3 — e B, AT — IR Led_app ().

wakeup_init() LI 1 MR AT 4G LRI NG i 42 5 v T 5] 38 o B A AR AL -

static void wakeup_init(void)

{
wakeup_event = rt_event_create("wakup", RT_IPC_FLAG_FIFO);
RT_ASSERT(wakeup_event != RT_NULL);
bsp_register_wakeup(wakeup_callback);

}

PM_SLEEP_MODE_DEEP J& STM32F407 1¥] SLEEP i, A4y 215 B 7£ PM_SLEEP_MODE_DEEP 3K,
AT ST EIHFH — X rt_pm_request() iR iz

static void pm_mode_init(void)

{
/* PRz ERNEGIFERE N, EXHBH SRR */
rt_pm_release_all(PM_SLEEP_MODE_NONE);
rt_pm_request(PM_SLEEP_MODE_DEEP);

¥

led_app() BIHMNALE S LED AT, FFAER & 88 (I A DMERA TR BTG . 7ELE WS IR, CPU 7]
Rl T RARES, WA EMIEAT AR, K gt NMRER. FATT1E K TPM_SLEEP_MODE_NONE #&3X,
BRiZA S CPU ANHEATIRAR, FFAE 588 LED INMRE R G REIE, IR AR AT LALL A DR SRR i A a]
RS 4T#E PM_SLEEP_MODE_NONE A&,

static void led_app(void)

{
rt_pm_request(PM_SLEEP_MODE_NONE);
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rt_pin_mode(PIN_LED_R, PIN_MODE_OUTPUT);
rt_pin_write(PIN_LED_R, 0);
rt_thread_mdelay(2000);
rt_pin_write(PIN_LED_R, 1);
rt_pm_release(PM_SLEEP_MODE_NONE);

led_cycle() HARMIA ARV AUEI & LED . H RN THkEIRIRERA T CPU R IIL T2
i

static void led_cycle()

{
rt_pin_mode(PIN_LED_B, PIN_MODE_OUTPUT);
while(1)
{
rt_pin_write(PIN_LED B,1);
rt_thread_mdelay(500);
rt_pin_write(PIN_LED_B,0);
rt_thread_mdelay(500);
}
}

16.4 1T
16.4.1 %mi¥ & T&

* RT-Thread Studio: 7t RT-Thread Studio ffL% #45H T~ % STM32F407-RT-SPARK BiJEfL, A5
B TR, $AT9 1%,

« MDK: %Xl mklinks.bat, £/ rt-thread 5 libraries S04 Je4%#%; 4# /] Env £ MDK5 T
f2: 5l project.uvprojx 77 MDK5 L#2, #AT%1%.

ke RUE, IR ST-Link USB M5 PC HLIERE, SRR FEEIF R

16.4.2 TITHR

5N E AR E R F R, IRPUE AR . FRAT = V% T BTN_UP &kt 49 0d% Rk, MCU
HRA IR 24T ¢ LED 2 B3 AL 35 € LED FRSe ek, B S B UG A RAR .
16.5 FEZFEIn

FEO P AT ARIREES, — R iR ER BT 7L 0, BTl iz M ST-Link F&AEF. FATATLL
A A FARRIRAE A T3, ARy T

o AEEAIHE, ARG, 1 AL M E A
o ##F BIN_UP %, 5 A& TE
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16.6 S|IHAS%E

. W& pin B&
o HlfFs ST

RT-Thread

RT-Thread 2:X 1 SHFPFM

16.6 75 51HZ%
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®17 =

Flash 7 [ X&E12 43z

A2 5 7 W)@ i RT-Thread #2411 FAL 4144 % Flash #4743 X & ##AE. FIfES, @i HH
FAL #: 0052 158 T A8 8 40 X IR TAE, 52/ 7 % Flash . 5. BN, 78 i % 0 F2 52 5 7 %
Flash 2Kz} # 3L A

17.1 FAL &%

FAL (Flash Abstraction Layer) Flash 1% 2, J& RT-Thread #J— 41, &% Flash & # T Flash
My XHHTE R BAEMI S 2, X LESi— T Flash Ky XEEAER APT, JFEA DL R RHE:

o SCRFBAFBCEM 2 IXR, JFAIREKZ A Flash B4

o PIXERIFF BRI BREDEFTH, 7 KRG UOE I ]

o FBDKETT, XRIE RS R, W7 T |AILFEE, I BHa — € 25K K bootloader;

o Gi-HERIER . PRIE T UM RS, OTA. NVM %X} Flash A — @ B4+, K2 Flash 3R
A

o [ & T Finsh/MSH fillikar 4, w7 LLUE I Shell #7745 Fhkr) 7 X#E (5 #) Flash s IX,
THEI R AT

AT B AN el f ] fal B2 AN Flash ¥4, 85 H i@ fal 7 X £ #:4F Flash . %012
HtJE4: OTA. easyflash ZEFIFE AR . BT AFIFER: G P22 218 fal AbEE DL (]

o ffif] fal &£ Flash &%
o QX E
o fHiF fal #/E X %

17.2 HWEHRRE

A REAE P 280 (OB BRI S s«

* UART1
* 4 FLASH (1MBytes)
* J4h Nor Flash (8MBytes)
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17.3 4R

ABIFEHIEFSAL T /projects/04_component_fal.,

A ERAR A IR

applications/main.c app A (fal FIFEREF)
libraries/Board_Drivers/fal/fal_cfg.h fal fid & S0 fF (Flash ¥ B B M7y X R AL ED
libraries/Board_Drivers/fal/ fal #:/E Jv #F Nor Flash FJ# A 3CfF ¥ Flash 5
fal_spi_flash_sfud_port.c R LR 2 faD
libraries/HAL_Drivers/drv_flash/ fal #:/F Jv 1 Flash R8RS CFF Flash 525 B2
drv_flash_f4.c Fz DA ) fal)

rt-thread/components/fal FAL A4 (fal JRA5EH0
rt-thread/components/fal/inc/fal.h FAL AR AR R R 1

M ERAFATELES], W REAE] FAL 410455 2T 0 Z B TAE, B SCFAF AL ports H3X T .
A stm32F4 7 5 L2 58 B KR IR AE AT .

17.3.1 fal FcE kB

fal Fi B 77/ 7E libraries/Board_Drivers/fal/fal_cfg.h 30, FEALFE Flash # 4 HIE & .
XKL E .

Flash & & &

fal 1 ff H Flash ##5I& & 24 Flash 5. ARG L 2IPA~ Flash ¥4, STM32F4 &
i) Flash A1/ 4 QSPI Flash (Nor Flash).

/* flash device table */

#define FAL_FLASH_DEV_TABLE \
{ \
&stm32_onchip_flash_128k, \
&w25q64, \
}

¢+ stm32_onchip_flash_128k & STM32F4 F N Flash # %, & X{f libraries/Board_Drivers/fal
/fal_spi_flash_sfud_port.c 34", &% Flash ¥ #&RHEUH] FT,

» w25q64 J& 4b & ¥ & 1) Nor FLASH & %, & X £ libraries/HAL_Drivers/drv_flash/
drv_flash_f4.c X", 5% Flash S&AHER A,

17.3.2 SXFREE

43 X FA7FAE libraries/Board_Drivers/fal/fal_cfg.h
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#define FAL_PART_TABLE

\
{
\
{FAL_PART_MAGIC_WROD, "app", "onchip_flash_128k",
0, 384 * 1024, 0}, \
{FAL_PART_MAGIC_WROD, "param", "onchip_flash_128k", 384 *
1024, 640 * 1024, 0}, \
{FAL_PART_MAGIC_WROD, "easyflash", "W25Q64",
0, 512 * 1024, 0}, \
{FAL_PART_MAGIC_WROD, "download", "W25Q64", 512 *
1024, 1024 * 1024, 0}, \
{FAL_PART_MAGIC_WROD, "wifi_image", "W25Q64", (512 + 1024) *
1024, 512 * 1024, 0}, \
{FAL_PART_MAGIC_WROD, "font", "W25Q64", (512 + 1024 + 512) *
1024, 3 * 1024 * 1024, 0}, \
{FAL_PART_MAGIC_WROD, "filesystem", "W25Q64", (512 + 1024 + 512 + 3 * 1024) *
1024, 3 * 1024 * 1024, 0}, \
}

X B A% % X FAL_PART HAS _TABLE_CFG, 1M 3, NIRRT H fal_cfgh sk
S IX . AR fal_cfg.h SXrEfe Xa XK, HIXFE—NE:

« U144 ] bootloader U A % X FAL_PART_HAS_TABLE_CFG %, ifif# /] bootloader HiE X 14>
X%

o WIHAME ] bootloader 7 H )7 5 X FAL_PART_HAS_TABLE_CFG %, Mifif#H] fal_cfg.h it
HE L5 X 3R fal_cfg.h SO e U)oy IX R A2 2 struct fal_partition &5 &%d .

fal_partition GEMMRE LU ATZR:

struct fal_partition
{
uint32_t magic_word;
/* FLASH 7 X % & */
char name[FAL_DEV_NAME_MAXT;
/* FLASH 4 X ft & [ FLASH ¥ &% & #k */
char flash_name[FAL_DEV_NAME_MAX];
/* FLASH 4y X f£ FLASH # % 1 fw # M ht */
long offset;
size t len;
uint8_t reserved;"

fal_partition S5 7 fai B/ 40N o
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J AR B

magic_word A, RGEMA, HP RO

name X4, ek 23 4~ ASCI F47F

flash_name 4y X&) Flash %% 4%, K 23 4~ ASCI 4+
offset oy X aa bk AR X Flash 15 4% & 4 otk (1) f % &t
len X RAN, B S

reserved TR B 13

17.3.3 Flash & & x}#Ei5 0B

fal & Flash % )2, Z4p{E Flash %4048 %% Flash (3. 5. ER O3] fal g 24 . 1F fal
H, ffH struct fal_flash_dev Z5MfRikH P iM% Flash WA RIEERE D .

fal_flash_dev &5k e AR AT

struct fal_flash_dev

{
char name[FAL_DEV_NAME_MAXT;
/* FLASH % & 12 46 b i */
uint32_t addr;
size_t len;
/* FLASH % %% d5e /N 8 B 1 H K/ %/
size_t blk_size;

struct
{
int (*init)(void);
int (*read)(long offset, uint8_t *buf, size_t size);
int (*write)(long offset, const uint8_t *buf, size_t size);
int (*erase)(long offset, size_t size);
} ops;

/* write minimum granularity, unit: bit.

1(nor flash)/ 8(stm32f2/f4)/ 32(stm32f1)/ 64(stm3214)
0 will not take effect. */

size_t write_gran;

fal_flash_dev &5 A AN AU T Fos:

J AR B

name Flash ##% 4%, &Kk 23 4> ASCII F4F
addr Flash ¥4k ththl (Fr iy Flash 24 0x08000000, 44k Flash 24 0x00)
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R AR |

len Flash % & A&, BT

blk_size Flash W & f/IMEBREITIIRAN, ALY
ops.init Flash % # (I#IME LR 5, 24F fal_init #2204
ops.read Flash 3¢ #odf i 0% 1

ops.write Flash 1% # % 5 N3 1
ops.erase Flash # & £ bz O
write_gran  Flash & &5 N&/MRLEE, $ALRAL.

17.3.3.1 K A Flash ¥f{&ijiAH

F W Flash % & 5245l 52 X AE libraries/HAL Drivers/drv_flash/drv_flash_fd.c ScfE9, WF fixs:

const struct fal_flash_dev stm32_onchip_flash_128k =
{
"onchip_flash_128k",
STM32_FLASH_START_ADRESS_128K,
FLASH_SIZE_GRANULARITY_128K,
(128 * 1024),
{
NULL,
fal_flash_read_128k,
fal flash write 128k,
fal_flash_erase_128k,

Flash ## 4%~ onchip_flash_128k, #/MERRFICH 128K, TLHILAEE .

17.3.3.2 F%b Nor Flash xf#&i5 8B

F 4k Nor Flash # 4% 5249 & X 7£ libraries/Board_Drivers/fal/fal_spi_flash_sfud_port.c SCff, i
A7 RT-Thread /& /) SFUD HE4L.

SFUD s&— A # 17 SPI Flash 3Kz, EE 7 W L4 K£Z %0817 Flash %5, ¢
WA R RE SRS

Nor Flash & SE681 U0 F AR :

struct fal_flash_dev w25q64 =
{
.hame "W25Q64",
.addr =0,
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.len =8 * 1024 * 1024,
.blk_size = 4096,
.ops = {init, read, write, erase},

.write_gran 1

Flash & & %78 W25Q64, & A EN 8M, f/MERF TN 4K, X B read. write. erase
O m 2 A SFUD HEZR R4 11, Jof P T IREh T K

17.3.4 {5IFZBERREA

fal B2 US4 T application/main.c SCAFH . FlREH B T —> 7 XIIea %L fal_test, 41T FioR:

static int fal_test(const char *partiton_name);

fal_test & ¥ NS H0N Flash 70 X147, DhReRR Ay XKHEAT e 8. 3. 5k, B
7 X

W, fal fEfE AT, 50 fal init s %5E Rk fal ThREALFIPILGETL.
CABERR MBI, RACRS AT 3] 22 B -

17.3.4.1 1. ERBEMNSX

/* BEFr Cpartitiont o X Ly */
ret = fal_partition_erase_all(partition);

] fal_partition_erase_all API £ 11¥f download 43 [X 5¢ B4 k%, %G download 43 [X P 4k
$5 424 OXFF.

17.3.4.2 2. KB RIRIERTRIN

/* JEEEUEA o X, RN E TR %/
for (1 = 0; 1 < partition->len;)
{
rt_memset(buf, 0x00, BUF_SIZE);
len = (partition->len - i) > BUF_SIZE ? BUF_SIZE : (partition->len - 1i);

/* M Flash i 8l len KM Zi4E 2 buf ZX */
ret = fal_partition_read(partition, i, buf, len);

if (ret < 0)

{
LOG_E("Partition (%s) read failed!", partition->name);
ret = -1;
return ret;

}

for(j = 0; j < len; j++)

{
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/* BB HYE N E BN OXFF */
if (buf[j] != OXFF)

{
LOG_E("The erase operation did not really succeed!");
ret = -1;
return ret;
}
¥
i += len;

i RS, AEPA SRR R, I R AT, IR A5 DY OXFF, AL N
LI RBRERAE L3

17.3.4.3 3. EEASX

/* 30 BAfTRESX */
for (i = 0; 1 < partition->len;)

{
/* WEEBNKHAE 0x00 */
rt_memset(buf, 0x00, BUF_SIZE);
len = (partition->len - 1) > BUF_SIZE ? BUF_SIZE : (partition->len - 1i);
/% H5NE %/
ret = fal_partition_write(partition, i, buf, len);
if (ret < 0)
{
LOG_E("Partition (%s) write failed!", partition->name);
ret = -1;
return ret;
}
i += len;
S
LOG_I("Write (%s) partition finish! Write size %d(%dK).", partiton_name, i, 1 /
1024);

A LT AR, 9EE AEHE 000 FIEEA X

17.3.44 4. KESHBRIESEHI

VA NG ==t I M R SV i S A
for (i = 0; 1 < partition->len;)
{
/* EEEEMIX, UL OXFF 7T */
rt_memset(buf, OxFF, BUF_SIZE);
len = (partition->len - i) > BUF_SIZE ? BUF_SIZE : (partition->len - 1i);

/¢ RMBRE buf FR */
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ret = fal_partition_read(partition, i, buf, len);

if (ret < 0)
{
LOG_E("Partition (%s) read failed!", partition->name);
ret = -1;
return ret;
}
for(j = 0; j < len; j++)
{
/* RIS IR R R RO R 3 5 N HdE 0x00 */
if (buf[j]l !'= 0x00)
{
LOG_E("The write operation did not really succeed!");
ret = -1;
return ret;
¥
}
1 += len;

I F T ARG, AR XA, I s AT R, HIBR O IR 3 BN HE
0x00, 5560 L i B S 4 A IR

17.4 1T

17.4.1 i & T

* RT-Thread Studio: 7t RT-Thread Studio [#J€L% B &8 41 T 2 STM32F407-RT-SPARK BZE 4L, RJ5
BIEEH T, BATHBE.

¢ MDK: X mklinks.bat, 4% rt-thread 5 libraries SCfFJeE8:; ## A Env £ MDKS5 T
F#; % Ja X project.uvprojx 77F MDK5 TR, #$hAT%ii%.

ke Rn, FIT R ST-Link USB M5 PC HLIERE, SRR ELF R E IR

17.4.2 BITHR

\ |/

- RT - Thread Operating System

/N 4.1.1 build Jun 13 2023 11:29:32

2006 - 2022 Copyright by RT-Thread team

[I/SFUD] Find a Winbond flash chip. Size is 8388608 bytes.

[I/SFUD] W25Q64 flash device is initialize success.

[I/SFUD] Probe SPI flash W25Q64 by SPI device spi20 success.

[D/FAL] (fal_flash_init:49) Flash device | onchip_flash_128k | addr: O
x08000000 | len: 0x00100000 | blk_size: 0x00020000 |initialized finish.

RT-Thread RT-Thread £X 1 SH P FH# 90



RT-Thread 2k 1 5H /Tt 17.5 % SHELL fix 4

[D/FAL] (fal_flash_init:49) Flash device | W25Q64 | addr: O
x00000000 | len: 0x00800000 | blk_size: 0x00001000 |initialized finish.

[I/FAL] ==================== FAL partition table ====================

[I/FAL] | name | flash_dev | offset | length |

[I/FAL] =-mmmmmmmmmm o oo oo oo

[I/FAL] | app | onchip_flash_128k | 0x00000000 | 0x00060000 |

[I/FAL] | param | onchip_flash_128k | 0x00060000 | 0x000a0000 |

[I/FAL] | easyflash | W25Q64 | 0x00000000 | 0x00080000 |

[I/FAL] | download | wW25Q64 | 0x00080000 | 0x00100000 |

[I/FAL] | wifi_image | W25Q64 | 0x00180000 | 0x00080000 |

[I/FAL] | font | wW25Q64 | 0x00200000 | 0x00300000 |

[I/FAL] | filesystem | W25Q64 | 0x00500000 | 0x00300000 |

[I/FAL] =============================================================

[I/FAL] RT-Thread Flash Abstraction Layer initialize success.

[I/main] Flash device : onchip_flash_128k Flash size : 1024K Partition : param

Partition size: 640K

[I/main] Erase (param) partition finish!

[I/main] Write (param) partition finish! Write size 655360(640K).

[I/main] Fal partition (param) test success!

[I/main] Flash device : W25Q64 Flash size : 8192K Partition : download
Partition size: 1024K

17.5 SHELL ©%

N T TR PRSI fal Thegs2 75 1B, PLAK Flash BX8) 2 &5 1E# TAE, 4y X KA B 2552, RT-Thread
oy fal 24 7 — &Ml &

fal Mt & 0N Pros:

msh >fal

Usage:

fal probe [dev_name|part_name] - probe flash device or partition by given name
fal read addr size - read 'size' bytes starting at 'addr'

fal write addr datal
fal erase addr size - erase 'size' bytes starting at 'addr'

. dataN - write some bytes 'data' starting at 'addr'

fal bench <blk_size> - benchmark test with per block size

o ffi[f] fal probe [dev_name|part_name] fir2#RM 45 € Flash ¥4 8 Flash 43X
MERIMENFE 2 Flash W& B XE, SR HENEGEE, WHFR:

msh >fal probe W25Q64

Probed a flash device | W25Q64 | addr: 0 | len: 8388608 |.

msh >fal probe download

Probed a flash partition | download | flash_dev: W25Q64 | offset: 524288 | len:
1048576 |.
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17.5 %5 SHELL w4

B BRI 4 X, B AE A 02 download 43 [X, 4R 518 A fal erase £ 28, WF Fros:

msh >fal probe download

Probed a flash partition | download | flash_dev: W25Q64 | offset: 524288 | len:

msh >fal erase 0 4096

Erase data success. Start from 0x00000000, size is 4096.

msh >

Horp, AR a0, addr AR Flash 72 XK w2 b, size AL %2 XKMHE, UTE

NHHE . BRI S AL

« GANHHE

TSR G, A RETE MR XS N s, kA fal write , JETHERE N NS ANMEHE, IF
PSRRI (BB ANMEIE S EIA S MSH 2T E D . s Mtk 000000008 A7 B 16 5 A\ EL

#1234567, 7R, WRFTR:

msh >fal write 8 1 2 3456 7

Write data success. Start from 0x00000008, size is 7.

Write data: 123456 7 .

- U

Jefm N fal read , J5IHIERAG B HOCSE R A6 ik DL A RE o TR AN O ST RN 64 79 808, 1%

DEITTEEPNOE €SP I

msh >fal read 0 64

Read data success. Start from 0x00000000, size
Offset (h) 00 01 02 03 04 05 06 07 08 09 OA 0B
[00000000] FF FF FF FF FF FF FF FF 01 02 03 04
[00000010] FF FF FF FF FF FF FF FF FF FF FF FF
[00000020] FF FF FF FF FF FF FF FF FF FF FF FF
[00000030] FF FF FF FF FF FF FF FF FF FF FF FF

is
0C
05
FF
FF
FF

64.

oD
06
FF
FF
FF

The data is:

OE
07
FF
FF
FF

OF
FF
FF
FF
FF

MHELERTLAES], ££ 0x00000008 Hihik AL TF46 52 s T 5 ANH 7 AN 8dE. - 7. Offset (h) 00 01
02 03 04 05 06 07 08 09 0A 0B 0C 0D OE OF fF Az B #E 147 5 bric.

o PEREMA

PEREIN UK 23 Flash AO#ERR . BN RIRBGE L, [RIN 82 65 A\ R S O8Ol iR 1, fRIEE

A~ Flash BN X0 5N 5 3 BOCHEE 1 — Bk

Sk fal bench, JEHERFEFFMR Flash #k X KA (GE&EFE XM AT Flash F/#, SPI Nor Flash
— A 4096) . I TPERENIGUK 2 ik B AN Flash sl AN X FIEE £ K, Frllay 2 50E LR yes
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92



RT-Thread £k 1 5 H " Ft 17.6 75 EEF I

msh >fal bench 4096 yes

Erasing 1048576 bytes data, waiting...

Erase benchmark success, total time: 3.744S.
Writing 1048576 bytes data, waiting...

Write benchmark success, total time: 4.096S.
Reading 1048576 bytes data, waiting...

Read benchmark success, total time: 1.961S.

17.6 EEEN

o WEREEHUOYIXER, W IEHRCER GBI XK/, AEF X EE
o fEAEH fal S alar & M, e fal probe dr&i%#—4 Flash 7 [X

17.7 SIHE&%

o XCR%H: RT-Thread RS0y
o FAL 41

RT-Thread RT-Thread £:X 1 SHFPF

93


https://www.rt-thread.org/document/site/#/
https://www.rt-thread.org/document/site/#/rt-thread-version/rt-thread-standard/programming-manual/fal/fal

18 =
KV 28 F1#&513=

18.1 &/

AR 7~ {8 H] EasyFlash £7£4# KV 24, il RITFHLIREL.

18.2 EH=FIR

KV /& key-value CBEX) HI4S, RAZEHRRT, #2 key Fl value —2ff 17, RN, W
A key 18, stAlBzE #] value {8, 2058, ABIFEFRIREAS B KV EZ#1 .

EasyFlash & —FTHRE IR B4k A3 Flash /7885, 320y MCU SR 4UEHE. @A L= BT
F, AR IF R BN RSB T 1 Flash A7 fif 4% WS T4«

2 H TR AL = RS D e

o Env tRIECRAE M SH, SRS P (BHFED Sk iRz,
EasyFlash A B8 SEH 7™ 5t 1) ¥ 28 ez 47 H B 555 B L ORAE Dh g, B35 1 fRj vl 11
e MER. BSRERITE, BT HRE X SR BE L, MORIIE [ S S T A
AP . il Flash 3809 NoSQL (AEC R BUHE ) AR /N g (Key-Value) 70 £
o IAP 7EL T A RS L
ZJE# % T IAP (In-Application Programming) Ihgg%H F #4210, SZRF CRC32 KM, AR S kF
Bootloader % Application {72 .
» Log L XM &%, HEWHBAZME Flash I
AEH A N AR S RG R, JT TR N R TREGE AL B4R R 50K A B AL
JRIA. ARG 4 EasyLogger (JFUREMIEEZESR . mitERE C HERE, '©424t5 EasyFlash [ o4sH:
D —#fEH, Sl C HEM Flash 72530 8¢

18.3 fE{ikAA

A REAE P 2 (B BRI R s «


https://github.com/armink/EasyFlash

RT-Thread £k 1 58 Fit 18.4 %5 AR

« UART1
* /i FLASH (1024KBytes)
* Ji4h Nor Flash (8MBytes)

18.4 #H{4ixRA

ABIFERVRISAL T /projects/04_component_kv.

18.4.1 FEasyFlash fit & 15 FB
EasyFlash Ft & 77 i 7f packages/EasyFlash-v3.2.1/inc/ef _cfg.h “cfFrr, I BALFEIREEAR B I AL
FLE . FELTH R TN REMEC A H S ThRE G B 55

ABIRE R R B B I RE, BB KR A RN (RS AR BN I LR, 5 ET AL
FIHAZER) . FNIEITE TSR E ARG, JRASZN, = 38R & .
BE ENV Z2oh XK/ 2K, S K iR/NRLE N 4K VEAIEC E I I 5 0T,

18.4.2 EasyFlash #%&i}Rf

EasyFlash 7EA H Al # Z iR e, ANFERZ0RE), BEIERA—F . AREFEH R Z 052 FAL,
X FAL AR H P AT DLE 272 B — MR

BT FAL M T 3 78, BIAE I C&MEr 75T FAL MR .

et 250 3 00

1. EHIBHE M ef_fal_port.c
M packages/EasyFlash-v3.2.1/ports & #l|#] libraries/Board_Drivers/ef_fal_port.c.

2. 1B FAL_EF_PART_NAME %€ X (fHEARE R X 4D IME
AIFE BAEA IR AR B 15 X 4N easyflash.

3. {8 static const ef_env default_env_set[] #4H H B &
AR R R IR AL, B DA R {“boot_times”, “07} — MR & .

TRAIHI R A U RIS 2 7R 01

18.4.3 {5IFZEREA

£ main KA, HEHUT R FAL IWIAGR1L, s8R KRN . #3547 EasyFlash H4)461k,
WG Th G, S PATERN S N KV {4 demo. EasyFlash 26 KV 2774k 7E easyflash 43 [X .

BIFEEZh)E, 2 easyflash 73X i2H boot_times (FHLAED S%, HBUKIhE, B 755 d HE Uk
e, BINEERAAER] easyflash 47X, HAGFFHLECE IS B CFTED H K.
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int main(void)

{

fal_init();

if (easyflash_init() == EF_NO_ERR)

{
/* HoRH IR A E I AL K/
test_env();

¥

return 0;

static void test_env(void)

{

uint32_t i_boot_times = 0;
char *c_old_boot_times, c_new_boot_times[11] = {0};

VA N7 N = e 7 = I B G
c_old_boot_times = ef_get_env("boot_times");
VA Q=B & Y
if (c_old_boot_times == RT_NULL)

c_old boot_times[0] = '0';

i_boot_times = atol(c_old_boot_times);
/* B Em 1 %/
i_boot_times++;

LOG_D( = e e e e e e e e e e e e e e e ) ;
LOG_D("The system now boot %ld times", i_boot_times);
LOG_D( e e e e = = e e e e e e e e e e e e e e e e ) ;

/* LR %/

sprintf(c_new_boot_times, "%ld", i_boot_times);
/* R FHLIR B BIE */

ef_set_env("boot_times", c_new_boot_times);
ef_save_env();

18.5 I&{T

18.5.1 %HiF¥ & T&;

QIEH TR, $ATHI%.

F#s )5 X project.uvprojx #77F MDKS TR, $AT441%.

RT-Thread RT-Thread £:X 1 SHFPF

* RT-Thread Studio: 7£ RT-Thread Studio fJf % # 2%+ N % STM32F407-RT-SPARK BJFE, AR5

o MDK: #5tX# mklinks.bat, ZER% rt-thread 5 libraries SCfF 4%, Ff# 4 Env 425k MDK5 T
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ke UG, HIF R ST-Link USB 15 PC HLIER:, SREHE M FEEIF R

18.5.2 BITHR
FEHLIEFF R 25t 5 O E ST ER RIS, Rl T .

\ |/

- RT - Thread Operating System

/| \ 4.1.1 build Jun 9 2023 14:36:52

2006 - 2022 Copyright by RT-Thread team

[I/SFUD] Find a Winbond flash chip. Size is 8388608 bytes.

[I/SFUD] W25Q64 flash device is initialize success.

[I/SFUD] Probe SPI flash W25Q64 by SPI device spi20 success.

[I/FAL] RT-Thread Flash Abstraction Layer initialize success.

[Flash] (../packages/EasyFlash-v4.1.0/src/ef_env.c:1818) ENV start address is 0
x00000000, size is 8192 bytes.

[Flash] EasyFlash V4.1.0 is initialize success.

[Flash] You can get the latest version on https://github.com/armink/EasyFlash .

[D/main] ===============================================

[D/main] The system now boot 6 times

[D/main] ===============================================

T2 A%sE, A BT —
EasyFlash if42 4t 7 5 M4, FILAYE FInSH BAEF M EE, (Bofisdb.

* setenv : W EEAE

* printenv : FJEIM 5 &

* saveenv : {7 E

* getvalue : JREUABAL B8
* resetenv : EfIIHALE

MR R L  A HfE R B

msh >printenv # FTHFRANHEDSE
boot_times=13

mode: power fail safeguard

size: 32/2048 bytes, write bytes 64/8192.

saved count: 15

ver num: 0

msh >getvalue boot_times # 3K HEL boot_times [ {8
The boot_times value is 13.

msh >setenv boot_times 5 # W HE boot_times [1E N5
msh >saveenv # REAEEE

[Flash] Erased ENV OK.

[Flash] Saved ENV OK.

msh >getvalue boot_times # 3K boot_times W14
The boot_times value is 5.
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msh >resetenv # 500 B AR B A
[Flash] Erased ENV OK.

[Flash] Saved ENV OK.

[Flash] Erased ENV OK.

[Flash] Saved ENV OK.

msh >printenv # 9T ED AT A I AR B AL B
boot_times=0

mode: power fail safeguard

size: 32/2048 bytes, write bytes 64/8192.
saved count: 2

ver num: 0

msh >setenv boot_times # & boot_times ¥f 1 AF &
msh >saveenv # RN EZE
msh >printenv # ITENER A WS AL &

mode: power fail safeguard

size: 16/2048 bytes, write bytes 32/8192.
saved count: 9

ver num: O

18.6 SIHAS%

o X4ty RT-Thread SCRSH
» EasyFlash # {1

RT-Thread RT-Thread 2:X 1 SHFPFM
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%19 =
SPI Flash &G HIFE

19.1 @&

AR A HIAR ) SPT Flash fF 9301 RGBT £ Flash #945 E 70 X LG S &
gt, IFHEBOUF RS E rt-thread BE RS . X RGHEEBRIG, s WA S0P R SR i D fg
Xt H SR AN S AT 1A

A FE A Ad 12 FAT 0 £48, 30 4F Littlefs S0 245, Littlefs S04 R4 108 H 7] L& %
RT-Thread CR4 9 :0s.

I AR 5 ZE A fal ALPF X A7 i e & AT 70 XS4 AT, P DEREAT AR SCI0 AT, 5 2 it AT
fal BIFERSESs, X fal HIFRERA —E 1 1 fiE.

19.2 #E{41RRE

AYORGIRE A 28 R SPT 4% 11, ff AT AR 4% 152 SPI2, JRUEEIE AR s

+3V3 +3N3 €67 100aF
T Jrow
[54]
1
mm] H 106 i FLASH SPI 51
FLASH SPI NCS — — FLASH SPI MISO
1 - T ptioi I
R32 5 HOLDRESET 103 ; 1 {+3v73
FLASH SPI SCKr— L iy
no =

il Ul W250Q128

19.1: SPI FLASH [ 2/


https://www.rt-thread.org/document/site/#/rt-thread-version/rt-thread-standard/README
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SPI FLASH 7t & AR H A7 B i R B s :

RW007 240x240 H{7LCD 40Pin WESRIRHE LR1220 RTC/S#&HE
WIFI SRFEYEET iR TPiEIo thEE
a8ME | T T S S e R S e e e T LoD

NorFlash _ I l °
| RS485%0
ICM20608 s
IR ° (2]
- 2F = = ; CANEECO
gl e o cangEn |

AP321655R |

- L
o [ picus €@ f
EEa H

[T

Spark-10Pin
BIRUEEFL =& - v iy
> > -f -
9 : \ﬁ.—fﬁ = I ]
AHT20 LT IR
B R o NN

| sz | [1owsmmenien | [sorm || aorse || Smme | [ees | [ semed |

19.2: SPI FLASH f7 &

19.3 R{4i%EAH

A FEIVRISAL T /projects/04_component_fs_flash.

19.3.1 $=EEIRIENKDUAR
FEHCCE R SRR AL T main.c
FERAGIAR I F 2 AT R A

1. i fal_blk_device_create() H%(/E spi flash #14 Ny “filesystem” )43 [X b il @ — A B i% 4%,
1E RS R GG 7%
2. fliH dfs_mount () BRECKZIE &I RG BRI E X M /fal B3 b,

#define FS_PARTITION_NAME "filesystem"

int main(void)

{
/* ¥ldhtk fal Thae */
fal_init();
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/* {£ spi flash W4 K "filesystem" 4> X k@)@ — M &% */
struct rt_device *flash_dev = fal _blk device_create(FS_PARTITION_NAME);
if (flash_dev == NULL)

{
LOG_E("Can't create a block device on '%s' partition.", FS_PARTITION_NAME);
}
else
{
LOG_D("Create a block device on the %s partition of flash successful.",
FS_PARTITION_NAME);
}

/* 43 spi flash &N "filesystem" M4 X B RG */
if (dfs_mount(flash_dev->parent.name, "/fal", "elm", 0, 0) == 0)

{
LOG_I("Filesystem initialized!");
¥
else
{
LOG_E("Failed to initialize filesystem!");
LOG_D("You should create a filesystem on the block device first!");
}
return 0;

19.4 1T
19.4.1 %&iF & T&

* RT-Thread Studio: £ RT-Thread Studio ffd& B &5 T % STM32F407-RT-SPARK B, A5
BIEH LR, AT,

* MDK: ¥4t mKklinks.bat, 4% rt-thread 5 libraries 0438582, Ff# ] Env 4=t MDK5 T
F#; e Mk project.uvprojx ¥777 MDK5 L2, #AT4miF.

e UG, PRI ST-Link USB 15 PC HLIER:, SREHE M R EEH KR

Ry

19.4.2 BITHER

¢

1. fF PC st FH 23 T 2ATFFHF RAR 1 ST-Link 42 L R 11, %% 1152008 1N

2. F N EA A E ST R, WA F#E R Failed to initialize filesystem!, X2 K ¥ & i H: %k %
& FIR B B S R Gt

3. £ msh #{f A4 mkfs -t elm filesystem 7] LL7E4 4 “filesystem” (% #% 6% elm-fat 57
S R G

4. RN A SRR, AT LAE B3R “FileSystem initialized!”, FBHSCH RGEEHRIN
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ITEME B Qs s

\ |/

- RT - Thread Operating System

/] \ 4.1.1 build Jun 9 2023 18:14:07

2006 - 2022 Copyright by RT-Thread team

[I/SFUD] Find a Winbond flash chip. Size is 8388608 bytes.
[I/SFUD] W25Q64 flash device is initialize success.

[I/SFUD] Probe SPI flash W25Q64 by SPI device spi20 success.

[D/FAL] (fal_flash_init:49) Flash device | onchip_flash_128k | addr: O
x08000000 | len: 0x00100000 | blk_size: 0x00020000 |initialized finish.
[D/FAL] (fal_flash_init:49) Flash device | W25Q64 | addr: 0
x00000000 | len: 0x00800000 | blk_size: 0x00001000 |initialized finish.

[I/FAL] ==================== FAL partition table ====================
[I/FAL] | name | flash_dev | offset | length |
[L/FAL] == mmmmmmm e s o oo e o oo e
[I/FAL] | app | onchip_flash_128k | 0x00000000 | 0x00060000 |
[I/FAL] | param | onchip_flash_128k | 0x00060000 | 0x000a0000 |
[I/FAL] | easyflash | W25Q64 | 0x00000000 | 0x00080000 |
[I/FAL] | download | W25Q64 | 0x00080000 | 0x00100000 |
[I/FAL] | wifi_image | W25Q64 | 0x00180000 | 0x00080000 |
[I/FAL] | font | W25Q64 | 0x00200000 | 0x00300000 |
[I/FAL] | filesystem | W25Q64 | 0x00500000 | 0x00300000 |
[I/FAL] =============================================================
[I/FAL] RT-Thread Flash Abstraction Layer initialize success.

[I/FAL]
[D/main] Create a block device on the filesystem partition of flash successful.
# £ flash WX R G X E A& P & i1l
[I/main] Filesystem initialized!
# UM R FE WG A D)

msh />

The FAL block device (filesystem) created successfully

19.43 ERERT

19.4.4 Is: EFELFEHFEER

msh />1s # i 1s A ERFEXMHREARER
Directory /: # MUBHCLFEEMRA X /
fal <DIR> # ROMFS M E pyfal H %

19.4.5 cd: Y]#EZFEZ| FAL

msh />cd fal
msh /fal>

# MM cd AUl H =
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19.4.6 mkdir: fEXxHRk

msh /fal>mkdir rt-thread # % rt-thread %
msh /fal>ls # EEEHRELWT
Directory /fal:

rt-thread <DIR>

19.4.7 echo: FMARFFRMLEEEMEMNE

msh /fal>echo "hello rt-thread!!!" # 0 57 R B bR AE
hello rt-thread!!!
msh /fal>echo "hello rt-thread!!!" hello.txt # ¥ % %& & H% + 3 hello.txt

msh /fal>1ls
Directory /fal:

rt-thread <DIR>
hello.txt 18
msh /fal>

### cat: HE L NE

" “shell
msh /fal>cat hello.txt # A& hello.txt LMW A I b
hello rt-thread!!!

19.4.8 rm: MHE&SCH Fesk 304

msh /fal>ls # EEYWMHEHRXGEERE
Directory /fal:

rt-thread <DIR>

hello.txt 18

msh /fal>rm rt-thread # M rt-thread 3k

msh /fal>ls

Directory /fal:

hello.txt 18

msh /fal>rm hello.txt # M % hello.txt X 1{F
msh /fal>1ls

Directory /:

msh /fal>

19.5 JFEZEI

HEBOUT R R R BSEAEAT M B T BN SR SO R G, 75 M 2 EE R
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19.6 S|H&%
o Pk BRSUHRSR

o WHKEIKEN: SPI ¥
o RYHs: RT-Thread SCRY 0
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20 =

WiFi EIE 1%

20.1 &7

H ZhiZE42 DL X WiFi Event AL BRAET)RE .

20.2 fEHAR

+3V3 Uiz
t .
co1 —T—csrz
| 10uF | 100sF
—_— 1 18
= Wil RST A 3vs GND |7 |I:exD
GND & = nRST LOG RY X
X ﬁ% Logﬁ% TSWIEI SPI MISO
WIFI INT T ArRusY WIEL SPI C§
N - . nCSBOOT! |3 °
;I%S—Ml r«ms?% T2 WIET SPT MOSI [eus
| JVIEL SPI CS > 3 aCS INTO CLKRX/BOOTO | WIEL SPLCLK
G:ﬂ:nlh GND NG —x
W00, Wik

& 20.1: WIFI JF#E &

RWOO7 & i b ify 2 2848 it 7 B AT B A W JT & (1) =i WL #58, (E ] SPT 5 L@ 5, S#F IEEE
802.11b/g/n k%% . WEP/WPA/WPA2 Jin# J5 :UA1 STA 1l AP #ixX.

T EARE
o EMERE MCU

o il SPI a5 5 5%
* SPI I i% 30Mbps
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o SPI B A LUK M 58 ik 4% 1MBytes/s, % 1MBytes/s
* 37 WIiFi+BLE = M\ HLIhAE

* BLE EHLIyRERT AW &8 24 BLE %%

« WiFi % #F STA+AP #x{

o SCRERE /MEF BLE PUigfc i

o ST P[]

« y& Bootloader, ¢## OTA [FE/fFH4k. 4 fEAERE

o CRALEIEFET Y, I HEIS 4R

2 MRAE B BRI RW007 /43 il & FE4E RS e Wi-Fi #t RWO007: A # RT-Thread 4
BRI R 4t

20.3 #H1{HFiRAA

ABIFEVERS AL T /projects/05_iot_wifi_manager.

2B B AR R BTN, & SeiE A Scan 5 11394 A B R85 ) AP(Access Point , BG4k
W), FEFTENFESE S, ARIEERE— A F AP (47 test_ssid , %iY: 12345678 ), FF5EFFH M
Ty, FTENMLR(E R, BRSSP )5, WP AP ks, &5, R OWIiEih A S L E,
TFE EEEERE . £IF 8 A5hiERE2 )5, Wlan Manager 23R 426k B ik D L0 s 06 4T AP 3445,

VEE: ETE main.c MRS FRIE & WLAN_SSID 1 WLAN _PASSWORD W% (473%E X T AP
HI% 7 FERY ), 75 PR Teyk BRI B3
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( )
v

20.3 75 B

v

P

W F

v

v

ANIE SR ECE

MR B ShiERE

v

v

=M AP

{£he BENERE

.

F 1 B AL Th

v

5

v

3E B 5FD

& 20.2: wlan manager jifzE

20.3.1 #A o134
VIGEW RS &, MR R AL

/% PATH */

rt_sem_init(&scan_done,"scan_done",0,RT_IPC _FLAG_FIFO);

rt_wlan_register_event_handler (RT_WLAN_EVT_SCAN_REPORT, wlan_scan_report_hander
,&1);

rt_wlan_register_event_handler (RT_WLAN_EVT_SCAN_DONE, wlan_scan_done_hander,
RT_NULL);

if(rt_wlan_scan() == RT_EOK)

{
LOG_D("the scan is started...");
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}else
{
LOG_E("scan failed");
¥
/* R </

rt_sem_take(&scan_done,RT_WAITING_FOREVER);

34t 72 RS2 m 1 bR RO 4= i R [ 18 o 2

void wlan_scan_report_hander(int event,struct rt_wlan_buff *buff,void *parameter)
{

struct rt_wlan_info *info = RT_NULL;

int index = 0;

RT_ASSERT(event == RT_WLAN_EVT_SCAN_REPORT);

RT_ASSERT(buff != RT_NULL);

RT_ASSERT(parameter != RT_NULL);

info = (struct rt_wlan_info *)buff->data;
index = *((int *)(parameter));
print_wlan_information(info,index);

++ *((int *)(parameter));

void wlan_scan_done_hander(int event,struct rt_wlan_buff *buff,void *parameter)

{
RT_ASSERT(event == RT_WLAN_EVT_SCAN_DONE);
rt_sem_release(&scan_done);

20.3.2 Join M4

RT-Thread Wlan Manager $&ft8% & 18z 1 2E47 WiFL BE$AE, (07 224\ ssid A1 password Hf
A, A4k, Wlan Manager 32t {Fi@ 4414, RT_WLAN_EVT_READY H/fhr &% WIFL B &I,
A LU F Network #t4Ti#1%; RT_WLAN_EVT_STA_DISCONNECTED /| J- Network T (5 4F. i
RIS B s 7 WIFT BRI 41

/% R */
LOG_D("start to connect ap ...");
rt_sem_init(&net_ready, "net_ready", 0, RT_IPC_FLAG_FIFO);

/* VEM wlan ready [#] 1 5& 0 */

rt_wlan_register_event_handler (RT_WLAN_EVT_READY, wlan_ready_handler, RT_NULL);

/* FEM wlan W B e B </

rt_wlan_register_event_handler (RT_WLAN_EVT_STA_DISCONNECTED,
wlan_station_disconnect_handler, RT_NULL);

result = rt_wlan_connect(WLAN_SSID, WLAN_PASSWORD);
if (result == RT_EOK)
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{
rt_memset(&info, 0, sizeof(struct rt_wlan_info));
/* WM BEREAARER
rt_wlan_get_info(&info);
LOG_D("station information:");
print_wlan_information(&info,0);
/* EAF T IREC IP */
result = rt_sem_take(&net_ready, NET_READY_TIME_OUT);
if (result == RT_EOK)
{
LOG_D("networking ready!");
msh_exec("ifconfig", rt_strlen("ifconfig"));
}
else
{
LOG_D("wait ip got timeout!");
}
/% [E W YR+
rt_wlan_unregister_event_handler (RT_WLAN_EVT_READY);
rt_sem_detach(&net_ready);
S
else
{
LOG_E("The AP(%s) is connect failed!", WLAN_SSID);
}

JtAbiE R rt_wlan_register_event_handler #% 173/t RT_WLAN_EVT_READY (M5 uid) &
%, 24 WiFiJoin AP /&2, H IP 73ECHL), 2z AR mali, Fr 835 AT DL H A0 I 24 DT AT il 15

20.3.3 BzhE

T B 3hiERThAE )5, Wlan Manager £:7f WiFi Join M2 Ih i, #171% AP K15 B E 7N R
(BRINRAF RO 3 RIS 2D MRS HFsE ME R HE WG, B3 mhmE S, T Wik
BERY . RIS A B R B BE R DR R

/* HBEERE *
LOG_D("start to autoconnect ...");
wifi_autoconnect();

20.4 Shell #{£ WiFi

wifl FH5EH) shell a4 40 F -

wifi : 1T EDHE B
wifi help : BEHY
wifi join SSID [PASSWORD] : HEEwifi, SSDINZ, M & B 3 & #
wifi ap  SSID [PASSWORD] R E A
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wifi scan s A A R

wifi disc s W T O B

wifi ap_stop P T

wifi status : FTEIwifidk & sta + ap
wifi smartconfig : 3 BT W T R

20.4.1 WiFi 3%

o wifi Hffdr ST

wifi scan

ERRA TR P A ZarS, BIFHET wifi dr&436, s R T prs:

[D/main] start to scan ap ...
[D/main] the scan is started...
SSID MAC security rssi chn Mbps

demo 5c:de:34:9b:85:08 WPA2_AES_PSK -35 11 4294

20.4.2 WiFi &3

msh />

msh />wifi join test_ssid 12345678

join ssid:test_ssid

[I/WLAN.mgnt] wifi connect success ssid:test_ssid
msh />[I/WLAN.lwip] Got IP address : 192.168.43.6

AN SR A Join IIHI AP JTSEidsk, ATEEMIA wifi join HEATNZSEER:, ZH SSID
F1 ‘PASSWORD’ .

20.4.3 WiFi #Ff

msh />wifi disc

wifi link down

[I/main] disconnect from the network!
[I/WLAN.mgnt] disconnect success!

20.5 BT
20.5.1 %HiF & T&

* RT-Thread Studio: 7& RT-Thread Studio % # 2%+ T~ % STM32F407-RT-SPARK BIRE, AR5
Bz TR, PATHRIF.
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o MDK: #5tXt mklinks.bat, ZEik rt-thread 5 libraries SCfF 4%, Ff# A Env 22 p MDK5 T
F#; & Ja Xk project.uvprojx #77F MDK5 T2, #$AT4%1%.

ke UG, BIF R ST-Link USB 15 PC HLIER:, SREHE M FEEIF KR

s

20.5.2 TITHR

\ |/
- RT - Thread Operating System
/ |\ 4.1.1 build Jun 9 2023 18:14:15
2006 - 2022 Copyright by RT-Thread team
1wIP-2.0.3 initialized!
[I/sal.skt] Socket Abstraction Layer initialize success.
msh >[E/[RW007]] The wifi Stage 1 status 0 0 0 1
[I/WLAN.dev] wlan init success
[I/WLAN.lwip] eth device init ok name:wO0
[I/WLAN.dev] wlan init success
[I/WLAN.lwip] eth device init ok name:w1

rw007 sn: [rw007c745bb22fc584aa6bcecc]
rw007 ver: [RWO07_2.1.0-a7a0d089-57]

[D/main] start to scan ap ...
[D/main] the scan is started...
SSID MAC security rssi chn Mbps

test_ssid 5c:de:34:9b:85:08 WPA2_AES_PSK -37 11 4294

[D/main] start to connect ap ...
[I/main] disconnect from the network!
[I/WLAN.mgnt] wifi connect success ssid:test_ssid
[D/main] station information:
SSID MAC security rssi chn Mbps
test_ssid 00:00:00:00:00:00 UNKNOWN 0 -1 0
[I/WLAN.lwip] Got IP address : 192.168.137.187
[D/main] networking ready!
network interface device: w0 (Default)
MTU: 1500
MAC: fc 58 4a a6 ce cc
FLAGS: UP LINK_UP INTERNET_DOWN DHCP_ENABLE ETHARP BROADCAST IGMP
ip address: 192.168.137.187
gw address: 192.168.137.1
net mask : 255.255.255.0
dns server #0: 192.168.137.1
dns server #1: 0.0.0.0

network interface device: wi
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MTU: 1500

MAC: fc 58 4a a6 ce cd

FLAGS: UP LINK_DOWN INTERNET_DOWN DHCP_ENABLE ETHARP BROADCAST IGMP
ip address: 0.0.0.0

gw address: 0.0.0.0

net mask : 0.0.0.0

dns server #0: 192.168.137.1

dns server #1: 0.0.0.0

[D/main] ready to disconect from ap ...

[I/main] disconnect from the network!
[I/WLAN.mgnt] disconnect success!

[D/main] start to autoconnect ...

[I/main] disconnect from the network!
[I/WLAN.mgnt] wifi connect success ssid:test_ssid
wlan_connect_handler

ssid : test_ssid

[I/WLAN.lwip] Got IP address : 192.168.137.187

20.6 FEZEI

PATHIFEZ B, FThREB—NL N test_ssid’, RN 12345678’ 11t WiFi # i,

20.7 SIA&%E
o ALy RT-Thread RS0

o W& EIB: WLAN ¥4
* rw007 ¥ fH: https://github.com/RT-Thread-packages/rw007
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2=
MQTT LB {EHIF2

21.1 9T

ABIFESRT Paho-MQTT B4, iz 1 A IR 55 & 1T Bl JE UM R i 5 2 mUR AR T 2 A T -

21.2 #E{H1RRE

AIRE T ELMOBUR K 1 SR ) WIFL BEHe o8 s 2658 15, R L A R A1 & L 1) WL A28 ]
PAIEH TAE.

21.3 #H1{HFiRAA

AN FERIVRISAL T /projects/05_iot_mgtto

21.3.1 MOQTT

MQTT (Message Queuing Telemetry Transport, 75 /2 BAFIREIAEHP, &—F3EF KA /1T
(publish/subscribe) 20 4@ @M, Zhiig T TCP/IP Wil &, 1 IBM £ 1999 £ K Afi .
MOQTT s KR AE T T RARAAR D AR A BRI 96, e P B SR sy ml 52 BUIR S5 . 17BN
—MRITAS S AR B8 A RO RIS, AR IR R . AN et . BBl S A5 D7 T B 2 IR

MOQTT J&—AF:T% o - RS 009 B AR [ 3T ARSI . MQTT ¥hilUe s, s, JFBo 5
TR, X SRR T2 . R ZAENLY, AARZIRMEREL T, W ML SHLEE (M2MD
WBEMYEN (ToT). HAE, @it TREMMEEERE. MRIRSHIET RS, BERE. k%Nl
wER O 2.

21.3.2 Paho MQTT £

Paho MQTT 7 Eclipse SEHL 4T MQTT Wl % - o, AEAFEL /278 Eclipse paho-mqtt A4,
Rl BT —2 MQTT & 7 i fE)7


https://www.eclipse.org/paho/index.php?page=downloads.php
https://github.com/eclipse/paho.mqtt.embedded-c

RT-Thread £k 1 5/ i 21.3 ¥ HAEB
RT-Thread MQTT %% /= Uity ) BE4F s 4 F

o WLk 5 2hEIE

RT-Thread MQTT #F G SEHL 1 Wik EIENLH], 78 W0 sl /28 A Feoe SEUERZMIFR, S48 &k
IRZS, HEFriER:, JFAZHEFITIY Topic. $EEERATEEME, #n7 #SEa 05 .

* pipe &4, JEFHZE API

FARRAEXEE, RSB RR, AT &HFAEEE =/ NIE .

o HAEEEHLH]

TR ERE. WCEY S B W B S S, wT AT B 5 SR 1R 1E bR 2

o TLS N 4%

MQTT =] LR A TLS I gy 045, ORuE s 2 s vr s 58 %

21.3.3 f5I3Z={EA AR

AR HEACHS AL T main.c H.

MQTT %6 4SBT MQTT &% /7 un I 5e 8 Thag, JFR#H R W E e i MQTT 7 7 v [ e & B o]
. ABIFRAE A IR %5 %% /2 Eclipse MMl IR %48, MRS bk, -~ A F %00 278 main SCHH)
TF3k e s

7 main P, B2k MQTT % /i B 5% (mq_start()) I M 48 3% 52 i h 14 [0 38 e& &, 4R
JEHAT WIFL E 35S WIMa 1. SIF R GES: b WIFi J5, MQTT % /it i %t (mq_start() £:4% H 51
F . mq_start) s%EERACE MQTT % P iERES 0 (% il ID. fREFERNE. FH P 4 MEmE,
WEF R GEBRT). ELABELRIERED, WEITRMEE, HoOvEA 1B E A F R
BB A E . WESERE, RS EI—A MQTT &/ . &) e AR as, TR
IV OES 1

mq_publish() g8 %0 Sk m 8 e 1 F B8R A B BIFE B A0 E g2 3411 MQTT % 7 ity J& sl i T [
I, XFE, BAMSBERBESRMANEE, EBERBIRNIIEE. AP FEIEEL R ER S R HA T
mq_publish() i%%, &4 T Hello,RT-Thread! 5.2, FrLAIRATE MQTT 2% /7 ity ik Thik LR %548, AbT7E
RIRASJE, 20 F Hello,RT-Thread! f#4 E..

AIRE I8 70 7 B RS G T s«

/**

* MQTT URI farmat:

* domain mode

* tcp://broker.emgx.10:1883
*

* ipv4 mode

* tcp://192.168.10.1:1883

* 5s1://192.168.10.1:1884

*

* ipv6e mode

* tcp://[fe80::20c:29ff:fe9a:a07e]:1883
*

ssl://[fe80::20c:29ff:fe9%9a:a07e]:1884
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/)
#define MQTT_URI "tcp://broker.emgx.io:1883"
#define MQTT_SUBTOPIC "/mqtt/test/"
#define MQTT_PUBTOPIC "/mqtt/test/"

/* define MQTT client context */

static MQTTClient client;

static void mq_start(void);

static void mq_publish(const char *send_str);

char sup_pub_topic[48] = {0};

/% TR R[] e A </
static void wlan_connect_handler(int event, struct rt_wlan_buff *buff, void *

parameter)
{
rt_kprintf("%s\n", __ _FUNCTION_ );
if ((buff != RT_NULL) && (buff->len == sizeof(struct rt_wlan_info)))
{
rt_kprintf("ssid : %s \n", ((struct rt_wlan_info *)buff->data)->ssid.val);
S
}

VA CE 7 NI T
static void wlan_connect_fail_handler(int event, struct rt_wlan_buff *buff, void *

parameter)
{
rt_kprintf("%s\n", __ _FUNCTION_ );
if ((buff != RT_NULL) && (buff->len == sizeof(struct rt_wlan_info)))
{
rt_kprintf("ssid : %s \n", ((struct rt_wlan_info *)buff->data)->ssid.val);
S
}

int main(void)

{
/* VEM wlan [5] E & */
rt_wlan_register_event_handler (RT_WLAN_EVT_READY, (void (*)(int, struct
rt_wlan_buff *, void *))mg_start, RT_NULL);
/* Wl UE Ak B 3 E T RE %/
rt_wlan_set_mode(RT_WLAN_DEVICE_STA NAME, RT_WLAN_STATION);
rt_wlan_config_autoreconnect(RT_TRUE);
J= =
rt_wlan_register_event_handler (RT_WLAN_EVT_STA_CONNECTED, wlan_connect_handler,
RT_NULL);
rt_wlan_register_event_handler (RT_WLAN_EVT_STA_CONNECTED_FAIL,
wlan_connect_fail _handler, RT_NULL);
}
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static void mqtt_sub_callback(MQTTClient *c, MessageData *msg_data)
{
*((char *)msg_data->message->payload + msg_data->message->payloadlen) = '\0"';
LOG_D("Topic: %.*s receive a message: %.*s",
msg_data->topicName->lenstring.len,
msg_data->topicName->lenstring.data,
msg_data->message->payloadlen,
(char *)msg_data->message->payload);

return;

static void mqtt_sub_default_callback(MQTTClient *c, MessageData *msg_data)
{
*((char *)msg_data->message->payload + msg_data->message->payloadlen) = '\0';
LOG_D("mqtt sub default callback: %.*s %.*s",
msg_data->topicName->lenstring.len,
msg_data->topicName->lenstring.data,
msg_data->message->payloadlen,
(char *)msg_data->message->payload);
return;

static void mqtt_connect_callback(MQTTClient *c)

{
LOG_I("Start to connect mqtt server");

static void mqtt_online_callback(MQTTClient *c)

{
LOG_D("Connect mqtt server success");
LOG_D("Publish message: Hello,RT-Thread! to topic: %s", sup_pub_topic);
mg_publish("Hello,RT-Thread!");

¥

static void mqtt_offline_callback(MQTTClient *c)
{

LOG_I("Disconnect from mqtt server");

/* BlE5EE mgtt &) i */

static void mq_start(void)

{
/* ¥]Us condata =% */
MQTTPacket_connectData condata = MQTTPacket_connectData_initializer;
static char cid[20] = {0};

static int is_started = 0;
if (is_started)
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}

return;

/* B MQTT A Z ¥ */

{

client.isconnected = 0;
client.uri = MQTT_URI;

/* HE AL P g ID %/

rt_snprintf(cid, sizeof(cid), "rtthread%d", rt_tick_get());

rt_snprintf(sup_pub_topic, sizeof(sup_pub_topic), "%s%s", MQTT_PUBTOPIC,
DE

/* WMEEES R */

memcpy(&client.condata, &condata, sizeof(condata));

client.condata.clientID.cstring = cid;

client.condata.keepAliveInterval = 60;

client.condata.cleansession = 1;

nn

client.condata.username.cstring = ;

nn

client.condata.password.cstring = ;

/* LE matt =40 %/

client.condata.willFlag = 0;

client.condata.will.qos = 1;
client.condata.will.retained = 0;
client.condata.will.topicName.cstring = sup_pub_topic;

client.buf_size = client.readbuf_size 1024;
client.buf = malloc(client.buf_size);
client.readbuf = malloc(client.readbuf_size);
if (!(client.buf && client.readbuf))
{

LOG_E("no memory for MQTT client buffer!");

goto _exit;

/* WEFEAEE */

client.connect_callback = mqtt_connect_callback;
client.online_callback = mqtt_online_callback;
client.offline_callback = mqtt_offline_callback;

/* BB BT M topic M topic XM [H] I BR H */
client.messageHandlers[0].topicFilter = sup_pub_topic;
client.messageHandlers[0].callback = mqtt_sub_callback;
client.messageHandlers[0].qos = QO0S1;

VA & N7 N I I T S
client.defaultMessageHandler = mqtt_sub_default_callback;

/* JaEh MQTT %% /i */
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LOG_D("Start mqtt client and subscribe topic:%s", sup_pub_topic);
paho_mqtt_start(&client);
is_started = 1;

_exit:

return;

/* MQTT W B KAk */
static void mq_publish(const char *send_str)

{
MQTTMessage message;
const char *msg_str = send_str;
const char *topic = sup_pub_topic;
message.qos = QOST;
message.retained = 0;
message.payload = (void *)msg_str;
message.payloadlen = strlen(message.payload);
MQTTPublish(&client, topic, &message);
return;

}

static void msh_mqg_publish(int argc, char *argv[])
{
char send_buff[100] = {'\0'};
for(int i=1;i<argc;i++)
{
if(i> 1)
{
strcat(send_buff," ");
}
strcat(send_buff,argv[i]);
}
mg_publish(send_buff); // & E4 LB "test”
b
/* Sl F] msh fr &g Fp */
MSH_CMD_EXPORT(msh_mq_publish, publish messege by msh);

21.4 EIT

21.4.1 ZmiF & &

* RT-Thread Studio: 7& RT-Thread Studio % # 2%+ T~ % STM32F407-RT-SPARK BIRE, AR5
Bz TR, PATHRIF.
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o MDK: #5txit mklinks.bat, ER% rt-thread 5 libraries SCfF 4%, 84 Env 225 MDK5 T
F#; & Ja Xk project.uvprojx #77F MDK5 T2, #$AT4%1%.

ke UG, BIF R ST-Link USB 15 PC HLIER:, SREHE M FEEIF KR

21.4.2 BITHR

o R R E S TR, TFRIR S B 3hiE F WIFLD (o k(8 FH 75 226\ wifi join wifi %% wifi %754
BEATHEES, ATUVE IR T2 TEIH W ME B

\ |/
- RT - Thread Operating System
/ |\ 4.1.1 build Jun 13 2023 16:40:30
2006 - 2022 Copyright by RT-Thread team
1wIP-2.0.3 initialized!
[I/sal.skt] Socket Abstraction Layer initialize success.
msh />[E/[RW007]] The wifi Stage 1 status 67452301 efcdab89 1 1
[I/WLAN.dev] wlan init success
[I/WLAN.lwip] eth device init ok name:wO0
[I/WLAN.dev] wlan init success
[I/WLAN.lwip] eth device init ok name:w1

rw007 sn: [rw007c745bb22fc584aa6bcecc]
rw007 ver: [RW007_2.1.0-a7a0d089-57]

wifi join test_ssid 12345678

[I/WLAN.mgnt] wifi connect success ssid:test_ssid

wlan_connect_handler

ssid : test_ssid

msh />[I/WLAN.lwip] Got IP address : 192.168.137.187

[D/main] Start mqtt client and subscribe topic:/mqtt/test/rtthread47037
[I/main] Start to connect mqtt server

[D/mgtt] ipv4 address port: 1883

[D/mgtt] HOST = 'broker.emgx.io'

[I/mqtt] MQTT server connect success.

[I/mgtt] Subscribe #0 /mgtt/test/rtthread47037 OK!

[D/main] Connect mqtt server success

[D/main] Publish message: Hello,RT-Thread! to topic: /mqtt/test/rtthread47037
[D/main] Topic: /mqtt/test/rtthread47037 receive a message: Hello,RT-Thread!

FAITLLE S|, WIFi &I E, MQTT & umsh H shid e 7RS35, JFT R 7T RAFE e 38, &
ARG, WMTHELIRNE)G, KA T —% Hello,RT-Thread! HIiE R, BAVEHEILR] T RS 2L
KX EHE R
21.5 JFEEIN

o P AR i 75 22 5636 42 WiFL.
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\

21.6 S5|A&%E

s mqtt %K fF: https://github.com/RT-Thread-packages/paho-mqtt
o XR4H: RT-Thread SRS 0y
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522 %=
HTTP Client I&ESCI] 5 F2

22.1 &
A FEAN- B 0 a8 ] WebClient #4460 %1% HTTP ¥pi GET F1 POST iR, F£HBEcm B 1548 .

22.1.1 HTTP 1Y

HTTP (Hypertext Transfer Protocol) #i¥, BU#ESCAME L, J& BHCR bR B R ) i2 it —
PIZE UG, TR SRR 75, & T A A R U GRS B RS HTTP hile 3t T
TCP/IP s 1) 0 2 N FH 2 0o BRI I 10 80 ity 1o PSR #T iAS /&2 HTTP 2.0, H Al & fl & 2 2
HTTP 1.1.

HTTP PriftE —FissR [ N aRa e — A% i 5 IR as @ L EE 2 5, KiE—MEREG RS 4.
R 55 s B R 2 Ja s B B R AE S AW T 3, I s T % s A R A N, SE RS HTTP

22.1.2 WebClient 348

WebClient #f44,2 RT-Thread H :#F& i), T HTTP Wil 9%/ ik B, Eitftiks 5 HTTP
JIR 55 4 BB R FE A T fE

WebClient 54 EL ) RESRE m -

o Y3 IPV4/IPV6 btk
WebClient 484 H shiR 54 N K URT Motk 4% 2CH 72 TPv4 shbiksk IPv6 sk, BN EST
HERERS B FENER, e EaRE.

o % # GET/POST i&EK 753k
H B WebClient #4137 # HTTP P GET F1 POST 53R /7%, X 2 AN & 5 H B w4
AR, W& R TR

o ETHRY EERI T TNAE

WebClient £ {Ft e (30 B~ B8 D s, J5 R Bl GET/POST iR Jr ik LA A
MBS B R 55 4% B T U 55 4% SO BUARHE
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o Y #5 HTTPS jnzZ{Lit
WebClient 34 1] IR A TLS I 7 sE s, (R IESE 1 2 et A se 8k,

o SEERKEEBIRARMALIES K
WebClient #{F0 m 5 (i ] 52 (A I AT KL MAE B3, 7 8 T PRI HERA DL S
22.2 HEHAER

AGIRE T EARMBUE K 1 5 L WIFL BEBRSE M 2638 (5, PRI 8 ORAE 1R 1 & i WIFT B n]
PAIEH TAE.

22.3 {417 EA

ABIFEHIIEFSAL T /projects/05_iot_http_client.
HTTP Client 575 5 251 B -

AR AR Ve

applications/main.c app A (WebClient FI#2)/7)
packages/webclient-v2.2.0 webclient 1
packages/webclient-v2.2.0/inc webclient #x - 63k 30
packages/webclient-v2.2.0/src webclient LS S

A RE B e & IEaE GET 35 3K 7 MG E I 55 4% kBl . 2 Jmidid POST 453Ky s A%—BL
B RS54, JF USR5 s N i . IR AR AUAS £2 T applications/main.c H1.

Horb main % 258 B wlan WZSAIIRIICE, JFERFRE R DD, RIS s

int main(void)

{
int result = RT_EOK;

result = rt_sem_init(&net_ready, "net_ready", 0, RT_IPC_FLAG_FIFO);
if (result != RT_EOK)

{
return -RT_ERROR;

/% VEM wlan % B W4 T i A, wlan & B W 4% T 5 B R "net_ready' 55 & */

rt_wlan_register_event_handler (RT_WLAN_EVT_READY, wlan_ready_handler, RT_NULL);

/* VEM wlan R4 4% W & B G Bl */

rt_wlan_register_event_handler (RT_WLAN_EVT_STA_DISCONNECTED,
wlan_station_disconnect_handler, RT_NULL);
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/* ZEFF wlan B M4 T %/
result = rt_sem_take(&net_ready, RT_WAITING_FOREVER);
if (result != RT_EOK)

{
LOG_E("Wait net ready failed!");
rt_sem_delete(&net_ready);
return -RT_ERROR;

}

/* HTTP GET 1R Kk */

webclient_get_smpl(HTTP_GET_URL);

/* HTTP POST i kK Kix */
webclient_post_smpl(HTTP_POST_URL,post_data,rt_strlen(post_data));

W& RN 5, 2 BT 34T webclient_get_smpl() Al webclient_post_smpl() &%,
j@iE HTTP ¥ xi% GET A1 POST &K,

1. GET iR Kk i%, M A URL Kki% get iR IRJ5 IR 7145 RAFA% /E response HLTH

int webclient_get_smpl(const char *uri)

{
char *response = RT_NULL;
size_t resp_len = 0;
int index;

if (webclient_request(uri, RT_NULL, RT_NULL, 0, (void **)&response, &resp_len) <
0)

rt_kprintf("webclient send get request failed.");
return -RT_ERROR;

rt_kprintf("webclient send get request by simplify request interface.\n");
rt_kprintf("webclient get response data: \n");
for (index = 0; index < rt_strlen(response); index++)
{
rt_kprintf("%c", response[index]);
¥
rt_kprintf("\n");

if (response)
{
web_free(response);

return 0;
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2. POST ik K ix

int webclient_post_smpl(const char *uri, const char *post_data, size_t data_len)
{

char *response = RT_NULL;

char *header = RT_NULL;

size_t resp_len = 0;

int index = 0;

webclient_request_header_add(&header, "Content-Length: %d\r\n", strlen(post_data

));
webclient_request_header_add(&header, "Content-Type: application/octet-stream\r\

n");

if (webclient_request(uri, header, post_data, data_len, (void **)&response, &
resp_len) < 0)

{
rt_kprintf("webclient send post request failed.");
web_free(header);
return -RT_ERROR;

by

rt_kprintf("webclient send post request by simplify request interface.\n");
rt_kprintf("webclient post response data: \n");
for (index = 0; index < resp_len; index++)
{
rt_kprintf("%c", response[index]);
}
rt_kprintf("\n");

if (header)

{

web_free(header);

if (response)

{

web_free(response);
¥
return 0;

A FEHH B POST J5 2035 3k k1% — R ¥4 3] HTTP IR % %5 www.rt-thread.com , HTTP R 4% 280
NI R [FIRE R s 215 4 .

1 B2 U T 4% ) webclient post_smpl() B %t & 3% POST % K, i% ok ¥ A i H 4% i [
webclient_request() 58/&EEN POST 1 3R Ak Sk A5 2 AN HR U B AHE (it AE, X BL% 7 i A ik RN
POST 15K K AR5 S, Wi S 1984 77 1) response 221 [X JFTENE) FinSH #415 .
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22.4 BT

22.41 %iE & TH

 RT-Thread Studio: 7t RT-Thread Studio 3% #4851 %k STM32F407-RT-SPARK BiJi 6L, A5
BIEEH T, BATHBE.

¢ MDK: X mklinks.bat, 2% rt-thread 5 libraries SC#FJeE8:; 8 A Env £ & MDK5 T
F#; % Ja X project.uvprojx 77F MDK5 TR, #$hAT%ii%.

ke UG, BIF R ST-Link USB 15 PC HLIER:, SREHE M FEEIF R
1% T EAARE R IR, FEFIEAT H BT s

\ |/

- RT - Thread Operating System

/ ]\ 4.1.1 build Jun 9 2023 15:23:02

2006 - 2022 Copyright by RT-Thread team
IwIP-2.0.3 initialized!

[I/sal.skt] Socket Abstraction Layer initialize success.
msh >[E/[RW007]] The wifi Stage 1 status 67452301 efc1ab09 1 1
[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:wO0

[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:w1

rw007 sn: [rw007c745bb22fc584aa6cecc]
rw007 ver: [RW007_2.1.0-a7a0d089-57]

wifi join test_ssid 12345678

[I/WLAN.mgnt] wifi connect success ssid:test_ssid

msh >[I/WLAN.lwip] Got IP address : 192.168.137.187

webclient send get request by simplify request interface.

webclient get response data:

RT-Thread is an open source IoT operating system from China, which has strong
scalability: from a tiny kernel running on a tiny core, for example ARM Cortex-MO
, or Cortex-M3/4/7, to a rich feature system running on MIPS32, ARM Cortex-A8,
ARM Cortex-A9 DualCore etc.

webclient send post request by simplify request interface.

webclient post response data:
RT-Thread is an open source IoT operating system from China!

HBIFIFRRZ G, FH wifi 428 wifl, 7880 B R 3R S 30 http & 77 3G k0% get
KD post 13K . FHHITENIR [FILE R

22.5 FEEIN

il P AR i 5 22 563 42 WiFL
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\

22.6 S5|A&%E

» webclient ##: https://github.com/RT-Thread-packages/webclient
o XR4H: RT-Thread SRS 0y
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%23 =
TLS Z&E1ZH1E

ABIREN AT mbedTLS #0055 HTTPS IR 55 37 22 4 (il T4 .

23.1 &N
mbedTLS (£ PolarSSL) & —~H ARM 2 & JFJEF4Ed 1) SSL/TLS HikfE . HAEH C wmfdis s
PLE/ N gmtD & A 28 (8] S 7 SSL/TLS Thie M & Fpna sk, 5 TR, R E£8y g, HEFEAN

SRR AR R 2™ i A SSL/TLS Thfig. iz Ca4iis 2] I RT-Thread #{E R4t b, JFE#H
A LAJT B AEAE AT F RT-Thread OS )1 & kB4 H] mbedTLS # {457 TLS 4 4x ik .

23.2 mEHAER

mbedTLS {7275 ZAKHUE K 1 S8R L) WIFL bR 5g s 263815, P i (R & L1 WiFi
BT DLIE & TAF

23.3 HRMHLAH

tls BIFEHL T /projects/05_iot_mbedtls HER, B SO UL T FiRs:

A ]

applications/main.c app A0
packages/mbedtls-v2.7.10.2/samples/ mbedTLS #IFEFE7
tls_app_test.c

packages/mbedtls-v2.7.10.2/ports R A
packages/mbedtls-v2.7.10.2/mbedtls mbedTLS {4 (tls JEESEI)

packages/mbedtls-v2.7.10.2/certs TLS iE B HE x
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23.3.1 fIFEERIRAR

1. HTTPS RS £1EE

ABIFEH £ HTTP GET J5i%i% K TLS k45 %% www. rt-thread.org H1ff) rt-thread. txt SCARI .
A HE1EN /download/rt-thread. txt, BRiNuGEA 443, FEFFHCE W N AR:

// https://www.rt-thread.org/download/rt-thread. txt
#define MBEDTLS_WEB_SERVER "www.rt-thread.org"
#define MBEDTLS_WEB_PORT "443"

static const char *REQUEST = "GET /download/rt-thread.txt HTTP/1.1\r\n"
"Host: www.rt-thread.org\r\n"
"User-Agent: rtthread/3.1 rtt\r\n"
"\r\n";

2. Bz mbedTLS % /i

int mbedtls_client_start(void)

{
rt_thread_t tid;
tid = rt_thread_create("tls_c", mbedtls_client_entry, RT_NULL, 6 * 1024,
RT_THREAD_PRIORITY_MAX / 3 - 1, 5);
if (tid)
{
rt_thread_startup(tid);
¥
return RT_EOK;
¥

i#@iT mbedtls_client_start API % tls_c 2%, J=3) mbedTLS %) i .
3. )& mbedTLS LT3

MbedTLSSession *tls_session = RT_NULL;
tls_session = (MbedTLSSession *) tls_malloc(sizeof(MbedTLSSession));
if (tls_session == RT_NULL)
{
rt_kprintf("No memory for MbedTLS session object.\n");
return;

tls_session->host tls_strdup(MBEDTLS_WEB_SERVER);
tls_session->port = tls_strdup(MBEDTLS_WEB_PORT);
tls_session->buffer_len = 1024;
tls_session->buffer = tls_malloc(tls_session->buffer_len);
if (tls_session->buffer == RT_NULL)
{

rt_kprintf("No memory for MbedTLS buffer\n");
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tls_free(tls_session);
return;

MbedTLSSession BdE &5 f74E T 2N TLS B A Edn A, fF 6% TLS M 2R EIERE R
i B PEREAT TLS %7 i b N SCRIAG AL A 58 B BC L -

4. ¥1%41¢ mbedTLS % ik
N FHFEFAE F mbedtls client_init EREFIGE1L TLS &/ i

I IT Bedz i APT ZH0UE SR ANARSSSENTT,  EEABRYIIGAM 30 IEF . SSL 2 ihfc B 5%
SSL ZZ HA I — L C LUK B BAR < 1m] i bR 2

ZN KA CL I TP
char *pers = "hello_world"; // ¥ & Kl 5 #F & ff 1
if((ret = mbedtls_client_init(tls_session, (void *)pers, strlen(pers))) != 0)
{
rt_kprintf("MbedTLSClientInit err return : -0x%x\n", -ret);
goto __exit;
b

5. #1151 mbedTLS & il £ T3

B HFEFEH mbedtls_client_context PREACE & P LN SUE R, BFEBMEN. REFIL.
WHEEASSLAE . B IMEER (2L MBEDTLS_SSL_VERIFY OPTIONAL) %,

if ((ret = mbedtls_client_context(tls_session)) < 0)

{
rt_kprintf("MbedTLSCLlientContext err return : -0x%x\n", -ret);
goto _ exit;

6. 37 SSL/TLS &%

{8 mbedtls_client_connect PR% N SSL/TLS EREH# VIEE . X B EENIRETFERIE, UK
PRI R,

ARG T Frs
if((ret = mbedtls_client_connect(tls_session)) != 0)
{
rt_kprintf("MbedTLSCLlientConnect err return : -0x%x\n", -ret);
goto _ exit;
b

7. EEHE

I AT ERE, TLS %) i O SRS 28 i Th @ 7 TLS 48 FiERE, AR5l vl DL i hn &5 i) & ek
1T socket %5,

i@ SSL/TLS 5 N ##E
BB LS 7R -
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static const char *REQUEST = "GET /download/rt-thread.txt HTTP/1.1\r\n"
"Host: www.rt-thread.org\r\n"
"User-Agent: rtthread/3.1 rtt\r\n"
"\r\n";

while((ret = mbedtls_client_write(tls_session, (const unsigned char *)REQUEST,strlen
(REQUEST))) <= 0)

{
if(ret != MBEDTLS_ERR_SSL_WANT_READ && ret != MBEDTLS_ERR_SSL_WANT_WRITE)
{
rt_kprintf("mbedtls_ssl _write returned -0x%x\n", -ret);
goto __exit;
}
¥

M SSL/TLS = istER# 7
A BIARRS R R -

rt_memset(tls_session->buffer, 0x00, MBEDTLS_READ_BUFFER);
ret = mbedtls_client_read(tls_session, (unsigned char *) tls_session->buffer,
MBEDTLS_READ_BUFFER);
if (ret == MBEDTLS_ERR_SSL_WANT_READ || ret == MBEDTLS_ERR_SSL_WANT_WRITE
|| ret == MBEDTLS_ERR_SSL_PEER_CLOSE_NOTIFY)
goto __exit;
if (ret < 0)
{
rt_kprintf("Mbedtls_ssl_read returned -0x%x\n", -ret);
goto __exit;

}

if (ret == 0)

{
rt_kprintf("TCP server connection closed.\n");
goto __exit;

}

FER, MRS ORE T AR, DA HERE.
23.4 I5{T

23.4.1 Zmi¥ & T&F

* RT-Thread Studio: 7t RT-Thread Studio ()€ ¥4 1 T %1 STM32F407-RT-SPARK BE AL, X5
BIEH TR, AT 1.

* MDK: &5eXd mklinks.bat, “Ef% rt-thread 5 libraries 4434 $z; Ff# A Env 4 it MDK5 L
T )5 Wi project.uvprojx f1JF MDKS5 L2, $AT4#. Jmi¥senia, #IF R ST-Link USB
5 PCHLZESE, SRJEIEFEAME T 8 BT R .
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ERPIEAT H W T Ps:

\ |/
- RT - Thread Operating System
/N 4.1.1 build Jul 14 2023 11:26:47
2006 - 2022 Copyright by RT-Thread team
1wIP-2.0.3 initialized!
[I/SFUD] Warning: Read SFDP parameter header information failed. The W25Q64 is not
support JEDEC SFDP.
[I/SFUD] Warning: This flash device is not found or not support.
[I/SFUD] Error: W25Q64 flash device is initialize fail.
[E/SFUD] ERROR: SPI flash probe failed by SPI device spi20.
[I/sal.skt] Socket Abstraction Layer initialize success.
msh />[E/[RW007]] The wifi Stage 1 status 0 0 0 1
[I/WLAN.dev] wlan init success
[I/WLAN.lwip] eth device init ok name:wO0
[I/WLAN.dev] wlan init success
[I/WLAN.lwip] eth device init ok name:w1

rw007 sn: [rw007c745bb22fc584aa6cf0c]
rw007 ver: [RW007_2.1.0-a7a0d089-57]

23.4.2 HEELLMEZHIEBIT

FRPIZ T )G 23T MSH a7 21T, S BLE WA AL . 4 MSH 74 wifi join <ssid> <
password> ML /2% (ssid #1 password 737 B &34 1) WIFT I &4 M), ] tls_test j53) tls
P, AN R

wifi join demo 12345678

[I/WLAN.mgnt] wifi connect success ssid:demo

msh />[I/WLAN.lwip] Got IP address : 192.168.137.180

msh />tls_test

MbedTLS test sample!

Memory usage before the handshake connection is established:

total : 65936
used : 23112
maximum : 23112

available: 42824

Start handshake tick:21806

msh />Finish handshake tick:24159

MbedTLS connect success...

Memory usage after the handshake connection is established:

total : 65936
used . 57380
maximum : 62164

available: 8556
Writing HTTP request success...
Getting HTTP response...
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HTTP/1.1 200 OK

Server: Tengine

Content-Type: text/plain

Content-Length: 267

Connection: keep-alive

Strict-Transport-Security: max-age=604800

Date: Thu, 06 Jul 2023 06:07:23 GMT

Last-Modified: Sat, 04 Aug 2018 02:14:51 GMT

Vary: Accept-Encoding

ETag: "5b650c1b-10b"

Strict-Transport-Security: max-age=1800; includeSubdomains; preload

Accept-Ranges: bytes

Strict-Transport-Security: max-age=1800; includeSubdomains; preload

Ali-Swift-Global-Savetime: 1688623643

Via: cachel14.12cn1805[46,46,200-0,M], cache50.12cn1805[47,0], kunlun9.cn1446
[0,0,200-0,H], kunlunl.cn1446[2,0]

Age: 681632

X-Cache: HIT TCP_HIT dirn:11:212624630

X-Swift-SaveTime: Thu, 06 Jul 2023 06:07:23 GMT

X-Swift-CacheTime: 1296000

Timing-Allow-Origin: *

Eagleld: 6f034eb316893052759227449e

RT-Thread is an open source IoT operating system from China, which has strong
scalability: from a tiny kernel running on a tiny core, for example ARM Cortex-MO
, or Cortex-M3/4/7, to a rich feature system running on MIPS32, ARM Cortex-A8,
ARM Co

MbedTLS connection close success.

23.5 EEEM

o NFEEHIFE TLS ARSS 5
R s e FE AP R 2 19 HTTPS W3R R 45 2%, 1% 1 ] menuconfig fc & iE 5, #4163 %
{mbedTLS H/FM) . BEHIFPE, M scons ardEH AR TS, scons £ @ SPEHIE T
WINEIFE P

o INEH L RAM&ROM &iE &5
AR F PR UER) mbedTLS B & S (config.h S0, %A E A5 RAM 1 ROM %8 5 A i
WEMA, R RERTEIERA, 5% (mbedTLS H ) F#1) .

o NE(&2L TLS BB i

mbedTLS ZR\AE H AL B 0 fE A mbedtls/config.h, AL E packages/mbedtls-v2.7.10.2/
mbedtls/include/mbedtls/config.h.

WA P AMEA scons EHTA AL MDK L2, H 7w PAE B EOZ 37 B € LACE .
W 5 248 scons ZwiralE AU LR, BBk mbedtls-v2.7.10.2/ports/inc/tls_config
.h 30, scons 2 H NS A 24 DL mbedtls/config.h 3Cff.
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23.6 S|IHSE

o R4 : RT-Thread A% 0y
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Ymodem 1Y ElEH K 5Tz

24.1 HRIA

24.1.1 ElHHLRE R

ETH 2, @E AN OTA (Over the Air) JH#iai#% FOTA (Firmware Over-The-Air) F2%, B[
i 2 TR N EGEAT AR AR

24.1.2 Ymodem f&it

Ymodem f&—FOCAfLR PN, £ OTA NI RN i R EECR RS L RIS R F . 25 Ymodem
PR T AF TR B0 D OTA [ AT+ R ) — A B AR S S 491

24.1.3 Flash 95X Ex
R RS S RS, 5% Flash 20 R FIBITIRE X Be, M RS R B B e 4
X .

EH % OTA TR 11, BHE FTEE DA MEFIBITERS B o 65t BRI T R FE PR
2 Ay bootloader, 57— MA@ IFEFRIRZ N app. BN TI AR, fEA#7E Flash A Ay
hEya R, MR T bootloader 43 [X Al app 43X o

HZEEN IR RGAET RIS ATTE Flash 11, T4 IR A2 BHEE R app 7 X 5 A\ HT
MR, TS FEE AN — A X AR, XA Xt 2 download 731X, WAFRZ A app2 47X, X
kT bootloader T2 K. bootloader 4rIX. app X download 4 X f HAth 43 [X —de k4 i 7 4>
XE. HXEFRT ZXORAEE, BHEOSXA. XKD X A,

24.1.4 bootloader AZRIER

bootloader 2t 5 WA LT B Fh -

1. bootloader 43X +appl 4+ [X + app2 4> X X
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ZM AR, bootloader JazhjG, K7 appl Al app2 41X, WA 4 I A 5 3l 3 47 W6 A 4 X 1) [
fFo G R RITFEAF T, AT B 7 2 B R R 33 55 A — MR I8 AT 1 app 47X,
VR B 1 B 6 R I AT T AR (R [ 44

B appl 7 XAl app2 45 Xl EK/MESE, 5 Flash #505; H appl fil app2 45 X #5 H A7
app [, e b E A G WIFL B4R,

2. bootloader 4 IX + app 4+ X + download 47 X #& =X

Z#i T, bootloader B35, 7 download 7 [X & &4 HRAKIE L, W download 73X
HHRRAE A, WK H AR [E 44 M download 43 X2 E] app 4 [X, €T app 43 X Y O E A
W download 43 [X N %A B A O E 4, T EL 40T app 43 X A I E A

AT TR RIS, EPE T B 2ok 8T B T 22 download 7 XA, 5 R JEREAT T4

RT-Thread OTA 1% i {f) & bootloader 7+ 2%\ 2, bootloader 43X + app 4 [X + download 43X ff]
Ha.

24.1.5 EHT#HR

FEMN B P SEBL,  Bo Mzt s 820 8] 1 Zh BE IO AR BPR 2 9 [ 71 34 (OTADown-
loader) o [E{F &A% ) TARZIB A TH 5 1F N B BL % 10 Flash b, AFREPRHL LR A OTA [#
PHEE T B S AFKE S TEES, BIAR S

H#I RT-Thread D& >CFF 17 ZFhEfF N s, W NFR:

o 3T Ymodem 1%/ Ymodem OTA [ {F T4 2% (At #1457 20T 2 [ 440
o LT HTTP Hpid i) HTTP OTA [E 4 N2 Calimad s 7 2% 44
o HETHE =T A OTA 4 T 428

1. ali-iotkit [ {} F##% GERCRTH = LinkDevelop *F- & #1 LinkPlatform 7 & () OTA Iiifig
2. Ayla = OTA [EfF F## GERC Ayla =F &1 OTA Thag)
3. HAhEE =77 OTA 8 V& (HAh-F &1 E R RT-Thread H1FA)

24.1.6 RT-Thread OTA 143

RT-Thread OTA & RT-Thread J1 & HI#5 OS. #5871 & B BAFTHRER, AN ST B i [F 1 1)
L TS Y

RT-Thread #2fLf) OTA [E4FHEAREE LR

o BIFRIRS: AN E A, SRR (% 4 5
o [BPFINE: SOFF AES-256 INEHYE, femEfE TR fAAE et
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o [EfFEAE: mRURgEE, BRACEAAR RN, J/b Flash Z20H) S, R E, BT 80 )
o BT AR ZR AR, #2748 Flash ), E AR, RTHJOERE
o Wi fRY: WS ORYY, R R 4RSI

o BREIEIR: FFBUAR, BshERELTREA, R S

o EEATAE: AT OS. B AP S . ¥ Flash RS H]

o ZATHIMIE T HES: SR 2 AP OTA [EIHEE T 6 N =7 6

RT-Thread OTA HEZZEUN R flis:

APP OTA Downloader
application Y-modem
: Y-modem {E%
OTA Downloader
Http OTA
: http client {814
Flash abstraction layer
( FAL) RT-Cloud
e OTA RT-Cloud OTA %
Flash Driver
bootloader
application RT OTA
I [ OTA W28
ot
RT OTA
: ik il
: o]
Flash ab:tl::::t;on layer Quicklz Tinycrypt
RGBT DORg LB
' ' '
Fastlz FAL
Flash Driver BEERE Flash /RO

24.1: OTA HE42E

M BT OTA HEZRE AT L&A B, Ymodem 7 OTA Ve 4824142 OTA Downloader (@4 F#2%)
I, #Z0/ OTA M@ 4E1E RT OTA +, W23 T bootloader B4 E . OTA M 45& 5 58N H
TR ARAE, MORMIL T OTA ThEERI N A ESE .

24.1.7 OTA HE5RI2
EMANRAG T RE, ToEm—IK OTA B T4, WH ST LRI E:
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Ok W

OTA FHAE QT B Fos

24.2 75 Ymodem OTA 5| F£ i B

TR E 1 (RT-Thread OTA 1 FiHE 2 1 rbl # R [E1F), FH FA% OTA [& 44 3 & 4H 68 IR 55 2%
W2 I 5 FH A 6 IR 55 25 0 B2 1) Bl TR 388 T %k OTA 4 & 4
B AS [ R #E RS, 7RI 4 B # 5 12\ bootloader
bootloader XF OTA [l #4715 fRZAHGE (W23 app 4 1X)
TR, AT HRRA app [

APP

application

:

OTA Downloader

‘

Flash abstraction layer
(FAL)

:

Flash Driver

bootloader

application

!

RT OTA

:

Flash abstraction layer
(FAL)

:

Flash Driver

OTA Downloader
Y-modem
Y-modem 8{%
Http OTA
http client {814
RT-Cloud
OTA RT-Cloud OTA {4

RT OTA
[ OTA dk35i248
et 1
i i
e

Quicklz Tinycrypt

W ELEEM IR
Y Y

Fastlz FAL
BREEEG Flash R0

24.2: OTA FHR e

24.2 Ymodem OTA 5|32} AH

Ymodem OTA F+2¢ & RT-Thread OTA SCH¢f [El /4 T #s HH i—Fh . 7ERRA N4 Aol A Tl A&

[ (UART) #EATSCUE%1 ) IAP fE4TH2k, = A AT 2007
AIFEAN B RT-Thread Ymodem OTA [ T # 8% Nak [, 52 OTA FF4%.

Tz FE A FH 21 bootloader 27 UL bin X AFEASEME, HBERH 1% STM32F4 W& F &, X

7F bin/bootloader.bin.

RT-Thread
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24.3 fE{F1ERH
A5 FEATE P 3 B B A B R 4 R BT
« UART1
e N FLASH (1024KBytes)

* J7 4k Nor Flash (8MBytes)

ABIFEF, bootloader 25 1 app 25 47 i/E STM32F4 MCU KJ W #k FLASH 1, download F#;
DX S T AP e i) Nor FLASH .

244 HREXFE

K W Y/ iR K gE bk B
bootloader onchip_flash_1 0 128 * 1024 0x20000 51 AL Fr oy
X
app onchip_flash_128R8 * 1024 384 * 1024 0x80000 B AR P X
easyflash W25Q64 0 512 * 1024 0x80000 Easyflash 45X
download W25Q64 512 * 1024 1024 * 1024 0x180000 T X
wifi_image W25Q64 (512 +1024) * 512 * 1024 0x180000 WiFi 81445 X
1024
font W25Q64 (512 + 1024 + 3*1024 * 0x480000 FARG X
512) * 1024 1024
filesystem W25Q64 (512 + 1024 + 3*1024 * 0x780000 YRGS X
512 +3*1024) 1024
*1024

bootloader 27 114> X & & XAE bootloader F£/7H, 417 Z&L bootloader 4y X%, N7 EE
% ootloader #2/%. HATAIHEH T B % X bootloader, WHRARHER, &4 RT-Thread 3.

24.5 EH1{FiRAA

ABIFEIVERS AL T /projects/05_iot_ota_ymodem.

pEL=YE i B
application/main.c app f£FAH
bin/bootloader.bin FBLPsEF) 0X08000000 Hibik ity 3k il S0 58 Bk
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Pl YL

bin/v1.0.0.bin B RN AR, AR B RS T
0x08020000 4t

bin/v2.0.0.bin WEACOR N R, AR B B RS T
0x08020000 4t

libraries/Board_Drivers/fal Flash #i% E44 (fal) MRS CHF

rt-thread/components/fal FAL 1%

packages/ota_downloader £1% ymodem F1 http F#IhEEH)

otadownloader [F&x{Ed

Ymodem [& T+ fe an F frs:
1. Ymodem £ 1145548 ] ymodem PSR 2% T 2% & 4
2. APP i il Ymodem B F %[ 14+ F] download 43 [X

3. bootloader %} OTA FF &K [FfF#H TR E: . f2 A2 (WEz 3 app 77 1X)
4. F£F M bootloader Bk#: 2 app 7 X $i47 8 14 [E 4

24.6 E{T

24.6.1 bootloader.bin &5

bootloader.bin [%s3% L8 5 B 4% B 324 bootloader.bin #8 X\ RT-SPARK IRz %8 Hh B 0] 52 A BE 3
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e ‘ TEE ) EF

- =M\
v IFEFINEEES (5)
WPS=# EEME
WEHEINWPS =& : WEETEEME
- MRS (C) EHEEEE (E)
. I |
ey 118 GB TIH, it 222 GB y 903 GB TH, # 931 GB

RT-SPARK-1 (F)
I

e 1,01 MB TA, £ 1.02 MB \

& 24.3: RT-SPARK Kz 4%

24.6.2 app A&

UEBIREERRES T 0 app WA 1 BOIRES,  wT LR BLIAURE BRGS0 1% 3K

IBATHRWT
) | — 17 N/ N
|\ | ) \_/\_/ |

2006 - 2019 Copyright by rt-thread team
0.9.2 build May 23 2023

[D/FAL] (fal_flash_init:63) Flash device | onchip_flash_16k_part | addr: O
x08000000 | len: 0x00020000 | blk_size: 0x00004000 |initialized finish.
[D/FAL] (fal_flash_init:63) Flash device | onchip_flash | addr: O
x08020000 | len: 0x000e0000 | blk_size: 0x00020000 |initialized finish.
[D/FAL] (fal_flash_init:63) Flash device | nor_flash | addr: 0
x00000000 | len: 0x00800000 | blk_size: 0x00001000 |initialized finish.
[I/FAL] ==================== FAL partition table ====================

[I/FAL] | name | flash_dev | offset | length |
[I/FAL] = mmmmmm m i m o o o e e e oo
[I/FAL] | app | onchip_flash | 0x00000000 | 0x00080000 |
[I/FAL] | download | nor_flash | 0x00080000 | 0x00080000 |
[I/FAL] =============================================================

[I/FAL] RT-Thread Flash Abstraction Layer (V0.4.0) initialize success.
[I/FAL] System initialization successful.
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[I]RT-Thread OTA package(V0.2.1) initialize success.

[E]1Get firmware header occur CRC32(calc.crc: 7b93c5c8 != hdr.info_crc32: ffffffff)
error on 'download' partition!

[E]Get OTA download partition firmware header failed!

[E]Verify firmware hash(calc.hash: a31f0d2c != hdr.hash: 0730fc68) failed on
partition 'app'.

[I]Begin to execute the program on app partition.

[I/FAL] Find user firmware at app partition 0x08020000 successfully.

[I/FAL] Bootloader jumps to user firmware now.

\ |/

- RT - Thread Operating System

/ ]\ 4.1.1 build Jun 14 2023 10:55:02

2006 - 2022 Copyright by RT-Thread team

1wIP-2.0.3 initialized!

[I/sal.skt] Socket Abstraction Layer initialize success.
[I/SFUD] Find a Winbond flash chip. Size is 8388608 bytes.
[I/SFUD] W25Q64 flash device is initialize success.

[I/SFUD] Probe SPI flash W25Q64 by SPI device spi20 success.
msh />[E/[RW007]] The wifi Stage 1 status 0 0 0 1
[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:wO0

[I/WLAN.dev] wlan
[I/WLAN.lwip] eth device init ok name:w1

init success

rw007 sn: [rw007c745bb22fc584aa6bcecc]

rw007 ver: [RW0O07_2.1.0-a7a0d089-57]

[D/main] The current version of APP firmware is 1.0.0

[D/FAL] (fal_flash_init:49) Flash device | onchip_flash_128k | addr: O
x08000000 | len: 0x00100000 | blk_size: 0x00020000 |initialized finish.

[D/FAL] (fal_flash_init:49) Flash device | W25Q64 | addr: O
x00000000 | len: 0x00800000 | blk_size: 0x00001000 |initialized finish.

[I/FAL] ==================== FAL partition table ====================
[I/FAL] | name | flash_dev | offset | length |
[I/FAL] mmmmm s oo m oo oo o e e
[I/FAL] | bootloader | onchip_flash_128k | 0x00000000 | 0x00020000 |
[I/FAL] | app | onchip_flash_128k | 0x00020000 | 0x00060000 |
[I/FAL] | easyflash | W25Q64 | 0x00000000 | 0x00080000 |
[I/FAL] | download | W25Q64 | 0x00080000 | 0x00100000 |
[I/FAL] | wifi_image | W25Q64 | 0x00180000 | 0x00080000 |
[I/FAL] | font | W25Q64 | 0x00200000 | 0x00300000 |
[I/FAL] | filesystem | W25Q64 | 0x00500000 | 0x00300000 |
[I/FAL] =============================================================
[I/FAL] RT-Thread Flash Abstraction Layer initialize success.

[I/FAL]

[D/main] Create a block device on the filesystem partition of flash successful.

[I/main] Filesystem initialized!

RT-Thread

RT-Thread £:X 1 SHFPF

The FAL block device (filesystem) created successfully
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Al LR g SRR P 2 reboot T, ARG INER app X IR T . IF H. app MiA 54 1.0.0

24.6.3 FZ% app kA

¥ application/main.c RIS FLN LT A F5:

#define APP_VERSION "2.0.0"

I EAS I ) I SO BN TR IR Y -
HEK R FIZATIE ota TR T4 dr 4
msh />ymodem_ota
Default save firmware on download partition.
Warning: Ymodem has started! This operator will not recovery.

Please select the ota firmware file and use Ymodem to send.
CCcccececececc

R TR RO £H6E ] xsheel () ymodem Zh &£ 45 N LR .

@ rtt - Xshell 7 - X
XD REE FEV IR0D ENEE BEOW BEH »
N - S @A 3 > - - .
. 9
» ==
SEEES 2

- list and set the information of
S Sl ~ st the infomation of TCP / 1P
t

> REHASCIIS)

- Change th 1 working directory > XMODEMOQ)

Print the nane of the current working directory =
AL At YMODEM(Y) FVMODEME(S)

) Crl+Shift+R ZMODEM®) FEYMODEMEIR)...

- mount < - < ype> p R

- Unmount d Ctrl+Insert (€

- disk free

- echo string

he 1a - s data of the g Shift+Insert
yer) operate # £ Ale+

- file descriptor e >
- Use Y-MODEM to download the Fimware
tftp Ctrl+hift+F
- startup telnet
t

Bl Update time

RREBIPEIE)
FRSTIRIPHEIL)

B t

E=) localhost ‘#iZBreak(B)

&0 0 5 E=G

o s

s SERIAL ERN)

ArE h 2R

L2 a BESENIIQ

or will not reco
imware file and use Ymodem to
BYMODEME ST, erm 723259 1.5946 1eF . NUMEZETCRE]

24.4: Xshell ymodem {53
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© =
X REE BV IAD EREE) OW BEH) ®
-1 % ° 5@ A Hals?n-1-08
9
» L
sEeEs =
s
@
07307c68) failed on partition ‘app’
HHé: FVMODEMESE
= I @
I
B rthread.rbl
SHR 360 kB
e 218 k8
o 9.08 Ke/Sec
mloo s e
B t
E=) localhost te a block device on the filesystem partition of flash successfu
=0 0
i SERIAL

ArE
EC]

& 24.5: IL7E EfE

AL J5 ¥\ bootloader, bootloader 4 H 554 download 73 [X K app & #1 % app 2
X SR JE b iE 4T

I | — 17 N7 \ |

|\ [ ) \__ /7 \_/ |

2006 - 2019 Copyright by rt-thread team
0.9.2 build May 23 2023

[D/FAL] (fal_flash_init:63) Flash device | onchip_flash_16k_part | addr: O
x08000000 | len: 0x00020000 | blk_size: 0x00004000 |initialized finish.
[D/FAL] (fal_flash_init:63) Flash device | onchip_flash | addr: 0
x08020000 | len: 0x000e0000 | blk_size: 0x00020000 |initialized finish.
[D/FAL] (fal_flash_init:63) Flash device | nor_flash | addr: O
x00000000 | len: 0x00800000 | blk_size: 0x00001000 |initialized finish.
[LAIRALY m==m=m=e==m=mmm=mmes [FAL wEPiiilen italbls S=e====s=m=mmmsm=e=c

[I/FAL] | name | flash_dev | offset | length |
B | e S e 5 S 8 e e S 5 8 e e S S 8 e e
[I/FAL] | app | onchip_flash | 0x00000000 | 0x00080000 |
[I/FAL] | download | nor_flash | 0x00080000 | 0x00080000 |
[I/FAL] =============================================================

[I/FAL] RT-Thread Flash Abstraction Layer (V0.4.0) initialize success.
[I/FAL] System initialization successful.

[I]RT-Thread OTA package(V0.2.1) initialize success.

[I]Verify 'download' partition(fw ver: 2.0.0, timestamp: 1686712307) success.
[I]JOTA firmware(app) upgrade(1.0.0->2.0.0) startup.

[I]The partition 'app' is erasing.

[I]The partition 'app' erase success.

[I]OTA Write:
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100%
[I]Verify 'app' partition(fw ver: 2.0.0, timestamp: 1686712307) success.
[I/FAL] Find user firmware at app partition 0x08020000 successfully.
[I/FAL] Bootloader jumps to user firmware now.

\ |/
- RT - Thread Operating System

/ |\ 4.1.1 build Jun 14 2023 11:11:39

2006 - 2022 Copyright by RT-Thread team

1wIP-2.0.3 initialized!

[I/sal.skt] Socket Abstraction Layer initialize success.
[I/SFUD] Find a Winbond flash chip. Size is 8388608 bytes.
[I/SFUD] W25Q64 flash device is initialize success.

[I/SFUD] Probe SPI flash W25Q64 by SPI device spi20 success.
msh />[E/[RW007]] The wifi Stage 1 status 0 0 0 1
[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth
[I/WLAN.dev] wlan
[I/WLAN.lwip] eth

device init ok name:w0
init success
device init ok name:w1

rw007 sn:
rw007 ver:

[rw007c745bb22fc584aa6cecc]
[RW0O07_2.1.0-a7a0d089-57]

[D/main] The current version of APP firmware is 2.0.0

[D/FAL] (fal_flash_init:49) Flash device | onchip_flash_128k | addr: 0
x08000000 | len: 0x00100000 | blk_size: 0x00020000 |initialized finish.

[D/FAL] (fal_flash_init:49) Flash device | W25Q64 | addr: 0O
x00000000 | len: 0x00800000 | blk_size: 0x00001000 |initialized finish.

[I/FAL] ==================== FAL partition table ====================
[I/FAL] | name | flash_dev | offset | length |
[I/FAL] = mmmmmm m i m e m o e e e e e e
[I/FAL] | bootloader | onchip_flash_128k | 0x00000000 | 0x00020000 |
[I/FAL] | app | onchip_flash_128k | 0x00020000 | 0x00060000 |
[I/FAL] | easyflash | W25Q64 | 0x00000000 | 0x00080000 |
[I/FAL] | download | W25Q64 | 0x00080000 | 0x00100000 |
[I/FAL] | wifi_image | W25Q64 | 0x00180000 | 0x00080000 |
[I/FAL] | font | W25Q64 | 0x00200000 | 0x00300000 |
[I/FAL] | filesystem | W25Q64 | 0x00500000 | 0x00300000 |
[I/FAL] =============================================================
[I/FAL] RT-Thread Flash Abstraction Layer initialize success.

[I/FAL]

[I/main] Filesystem initialized!

AR B2 1.0.0 T+ £ 2.0.0

RT-Thread

RT-Thread £:X 1 SHFPF

The FAL block device (filesystem) created successfully
[D/main] Create a block device on the filesystem partition of flash successful.
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24.6.4 HIEAREH

PLICBIRE A7, /e H T Ymodem F+4% 7 B FH 2 1) app [ 14 .
Hl/E T H L MAE /tools/ota_packager X BT . HI/ER H 24 bin X7 & rbl SCF.
RT-Thread OTA [E4-3T .28 40 F TR

H — oo
RT-Thread  RT-Thread OTA E/f$T658

BEREE C\Users\RTT\Desktop\learning-board\software\projects\2

REEE CA\Users\RTT\Desktop\learning-board\software\projects\2

ESEEE TR -
=EiE hoE -
hn====4A
= v

EfFoEE  |app

E{4F A~ 3.0.0

=5 FTERI) FHaiTE

24.6: RT-Thread OTA [E{F#T €175

R AT CAAR G 5 22, G2 XS [ PR EAT I M 4, SR 2 M IS A AN L SR, AR AT
AT

o EFEFFFTEMESE (projects/05_iot_ota_ymodem/Debug/rtthread.bin)
o PR AR A B

o EFEAREE CAE4EE 2D

o EFEINEEE CAINE D

o BLEME L CAINE W E T

o BLEME IV CAINE N2

o HEREF AR R XAAFR, 1XH N app)

o HEEERA (HS application/main.c FF IR A S 2.0.0)
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RT-Thread 2K 1 51" F/ii 24.7 5 FERF
« JFIGIT

R LL A IR SE U rt-thread. rbl SCHRIAT F S SR FH 01

Note:

o INZEREAA NER IV L4705 bootloader F2FF A —5, 75 I J6 32 1E ff i it 2% [ 4
ERINFZ L) bootloader.bin & A E 45 A hnas B wl .

s FHTEASRETA BEait fIHS, KEFEEHFEHEA Flash 2 RPN X 4K, AREA IR
WARETLY app F2/y, WIHS apps WRTH WHFL B, MHS wifi_image.

o i OTA TR T EFMEFZELF rt-thread.rbl
IEMRIEE E 2N app, WA SHEE main. c e LHIRAS 2.0.0.

24.7 FEEIN

o EIBITIZBIFERT, 1E 5555 bootloader.bin [ 4 ke 2% &

o W2 FH.rb] A% 3 T 2 44

« ITH OTA AR, 7 XA FUaE 5 X RN H2FHIFE (FH app FfFX R app 7+ X), &%
IrIX RS

o 2 TR RSO Ymodem R, HAE RS Ymodem PSR IE [ 14

o HIOPAFR 115200, LAEKK, T

* app [EfF 2T 0x08020000 HihlFa65EHE, 75U M H] bootloader 2xBk#% 2 app Kk

app [EEAFfE4E app 2 XA, d2dfiihl >y 0x08020000, W15 f i Bt 9 Hosth app 2%, & WA
2% 0x08020000 Hih-44: app [l 1.

RT-Thread Studio T 2% & T:
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[* workspace - 21_jot_ota ymodem/board/linker_scriptsflinklds - RT-Thread Studio
O REE FBO SHN FEE EeR BOW #EE
FraX-m:@g g Qi@ viTiemy =

B i

BERERIAS: link.Ids
A] FAF g X 4

24.7: R EAHBGEE AL

* app M HEFT I E WA R (FH bootloader % ) ffiH bootloader i %, app [ 4
0x08020000 bk FFAfifERE, [H ik 75 B0 r 7 ) 2 E3 1% ' 1) 0x08020000 Hhudik, 25 41 K ffz:

static int ota_app_vtor_reconfig(void)

{
#define NVIC_VTOR_MASK Ox3FFFFF80
#define RT_APP_PART_ADDR 0x08020000
/* OWRENHERE R ER Y/
SCB->VTOR = RT_APP_PART_ADDR & NVIC_VTOR_MASK;
return 0;
}

INIT_BOARD_EXPORT(ota_app_vtor_reconfig);

24.8 S|F&%

o XH4Hty: RT-Thread SCRYH O
 ota downloader #ff: https://github.com/RT-Thread-packages/ota_downloader
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5 25 &=

HTTP i EEH R HIFE

25.1 {5FEi5%ER
HTTP & —F8 e AL i, A& RN KB, 77 PLET@H socket SEHLMKL /25 i fE e

I MR b HTTP 45 R B 175 30, RHAR/M R P U, B4 FLAR 5 (i 3t 2 FH AE A B A
B, AT SRS ST SRS, LAk OTA [ R #K.

ARBIFEFET HTTP & sl HTTP OTA [ 4F F 388, 18id HTTP WX A HTTP R 4528~ 2 2
3% 4% . HTTP % /' iimfCi% 2% RT-Thread WebClient #:41,

7417 1 511 bootloader 2/ B bin SCHRAE AL, SCHET bin/bootloader.bin.
25.2 HREHEA

%2 Ymodem [B/4TH&HFE .

25.3 fE{HRE
AAFEAE B AE A IR U0 s
« UART1
o 'y FLASH (1024KBytes)

e J74h Nor Flash (8MBytes)

ABIFEF, bootloader f£ 7 Al app &7 #7 i AE STM32F4 MCU {4 %5 FLASH 71, download F#;
X I AFTAE SN £ 1) Nor FLASH .

254 SXF*E



RT-Thread &k 1 5 M) FHt

e B

bootloader onchip_flash_1

AL AR L

0

app onchip_flash_128R8 * 1024

easyflash W25Q64

download W25Q64

wifi_image W25Q64
font W250Q64

filesystem W25Q64

0
512 *1024

(512 +1024) *
1024

(512 + 1024 +
512) * 1024
(512 + 1024 +
512 + 3*1024)
*1024

K

128 * 1024

384 *1024
512 * 1024
1024 * 1024
512 * 1024

3*1024 *
1024
3*1024 *
1024

25.5 5

SEOR AL

0x20000

0x80000
0x80000
0x180000
0x180000

0x480000

0x780000

B

GRS 1=y e
X
SRR 43 X
Easyflash 4 [X
THX

WiFi 847X

TR IX

M RG X

bootloader 27 1173 X 3 & X 1E bootloader #2737+, Wi 7 Z &4 bootloader 17> X 3K, 7%
&4 bootloader #£/%. HATA L /' E 5% X bootloader, WHEAR R, 1#5H: % RT-Thread $EHE

o

25.5 4R

ABIFERYRISAL T /projects/05_iot_ota_http.

SRR AR

application/main.c
bin/bootloader.bin

bin/v1.0.0.bin

bin/v2.0.0.bin

libraries/Board_Drivers/fal
rt-thread/components/fal

packages/ota_downloader

HTTP [E 4T+ i FE a0~ A s :

!

app &P A

7 Bk 2] 0x08000000 ik i — 3 il 3O A4 5¢ 1k
B MRARRIN R, AR B EREE] 1

0x08020000 %t

AR N IR, AR B E] 7

0x08020000 4t

Flash it & Z414F (fal) BB

FAL 2144

4 ymodem 1 http F# I HEMN
otadownloader [F&x {41

1. 477T tools/MyWebServer ¥, JFFACE AN IP Huhk A L5, GEFEAF T A A1) B 5%
2. 7£ MSH H{{i | http_ota fiv4 ~#[# 4 2] download 43 [X

RT-Thread

RT-Thread 2:X 1 SHFPFM
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3. bootloader %} OTA Ft &k [FfF#H TR 5 & Az (WEz 3 app 77 1X)
4. 127 )\ bootloader Bk%% 3| app 75 X $hA7H7 [ 14

25.5.1 2P

HTTP OTA [& {4 F ##%#2 /77 packages/ota_downloader/src H 3% T :

void http_ota(uint8_t argc, char **argv)

{
if (argc < 2)
{
rt_kprintf("using uri:" HTTP_OTA_URL "\n");
http_ota_fw_download(HTTP_OTA_URL);
¥
else
{
http_ota_fw_download(argv[1]);
h
¥
/**

* msh />http_ota [url]
=/
MSH_CMD_EXPORT(http_ota, Use HTTP to download the firmware);

static int http_ota_fw_download(const char* uri)
{

int ret = RT_EOK;

struct webclient_session* session = RT_NULL;

/* create webclient session and set header response size */
session = webclient_session_create(GET_HEADER_BUFSZ);
if (!session)

{
LOG_E("open uri failed.");
ret = -RT_ERROR;
goto __exit;

¥

/* get the real data length */
webclient_shard_head_function(session, uri, &file_size);

if (file_size == 0)

{
LOG_E("Request file size is 0!");
ret = -RT_ERROR;
goto __exit;

}

else if (file_size < 0)

{
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LOG_E("webclient GET request type is chunked.");
ret = -RT_ERROR;
goto __ exit;
}
LOG_I("OTA file size is (%d)", file_size);
LOG_I("\033[1A");

/* Get download partition information and erase download partition data */
if ((dl_part = fal_partition_find("download")) == RT_NULL)

{
LOG_E("Firmware download failed! Partition (%s) find error!", "download");
ret = -RT_ERROR;
goto __exit;

¥

LOG_I("Start erase flash (%s) partition!", dl_part->name);

if (fal_partition_erase(dl_part, 0, file_size) < 0)

{
LOG_E("Firmware download failed! Partition (%s) erase error!", dl_part->name
):
ret = -RT_ERROR;
goto __exit;
}

LOG_I("Erase flash (%s) partition success!", dl_part->name);

/* register the handle function, you can handle data in the function */
webclient_register_shard_position_function(session,
http_ota_shard_download_handle);

/* the "memory size" that you can provide in the project and uri */
ret = webclient_shard_position_function(session, uri, begin_offset, file_size,

HTTP_OTA_BUFF_LEN);

/* clear the handle function */

webclient_register_shard_position_function(session, RT_NULL);

if (ret == RT_EOK)

{
if (session != RT_NULL)
{
webclient_close(session);
session = RT_NULL;
}

LOG_I("\033[0B");
LOG_I("Download firmware to flash success.");
LOG_I("System now will restart...");

—
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rt_thread_delay(rt_tick_from_millisecond(5));

/* Reset the device, Start new firmware */
extern void rt_hw_cpu_reset(void);
rt_hw_cpu_reset();

b

else

{
LOG_E("Download firmware failed.");

}

_ exit:
if (session != RT_NULL)
webclient_close(session);
begin_offset = 0;

return ret;

i MSH_CMD_EXPORT 154 ¥ http_ota #74 3 A\ msh, {8 itar 40l i#H http F#IIfe.

25.6 E{T

25.6.1 KEFEIRRAIZEF

B bootloader.bin A1 v1.0.0.bin #2 /7t AL, HFiEFEZS% Ymodem .

25.6.2 IRFEFRAIZEF

1. THFATET, 2% Ymodem [E4F 245155 .
2. JBsh HTTP OTA 714k

1. f#J% /tools/MyWebServer.zip 2247 H (f#% )54 /tools/MyWebServer H )

2. 4T JF /tools/ MyWebServer H 3 ~ ) MyWebServer.exe # 1 ic & MyWebServer # 14,

%6 #E OTA [l (rbl 3CF) ) BgAe, BB AN IP M 15, Jf)5 ) IR55as, 0~ K Pios:
NyWebServer V3.6.21 Unicode (By TGY)#RiERR

peEmeE 1.55FE OTA EEFBEZ

FREEF D \ota_tools |k .| BEEE
H)tjlti%i 192.168.1.10 | Hrreig0) [60 CIHTTRSIEO

3 =5

| » mzhsarn) ¥ #EEHR XT. B(Restart)  RU(Exit)
EEEE meol® | [hinas g=AE PRI @

Tera——— ﬁfﬁfﬁﬂ IP ittt 3 mgﬁa?ﬁ;ﬁ:nﬁ
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3. EHIT R A O, BAJTARR, BN MSH i &17

4, 1WA 44T B4 http_ota http://192.168.1.10:80/rtthread.rbl 74 5 3 HTTP OTA J+Z AR 4%
&) MyWebServer 41 IP Fs M50 B 224 http_ota 4.

5. WA TR

MIANAE, 28 download 43X, FEFALEF. FHISFEH ST T E %,

http_ota http://192.168.181.150:80/rtthread.rbl
[I/http_ota] OTA file size is (379976)

[I/http_ota] Start erase flash (download) partition!
[I/http_ota] Erase flash (download) partition success!
[I/http_ota] Download:

100%
[I/http_ota] Download firmware to flash success.
[I/http_ota] System now will restart...

WA 55 J5 » bootloader 25t T4 [ {4 HE AT A ik M RN S B IR 36, B0AIF A 3y Ji5 T4 [ 4 M download
oy XWEE 2 H b X GX B2 app 77 X).

THR SN & B RZS U T B :

\ |/

- RT - Thread Operating System

/| \ 4.1.1 build Jun 14 2023 13:30:35

2006 - 2022 Copyright by RT-Thread team

1wIP-2.0.3 initialized!

[I/sal.skt] Socket Abstraction Layer initialize success.
[I/SFUD] Find a Winbond flash chip. Size is 8388608 bytes.
[I/SFUD] W25Q64 flash device is initialize success.
[I/SFUD] Probe SPI flash W25Q64 by SPI device spi20 success.
msh />[E/[RW007]] The wifi Stage 1 status 0 0 0 1
[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:wO0

[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:w1

rw007 sn: [rw007c745bb22fc584aa6cecc]
rw007 ver: [RW007_2.1.0-a7a0d089-57]

[D/main] The current version of APP firmware is 2.0.0

[D/FAL] (fal_flash_init:49) Flash device | onchip_flash_128k | addr: 0
x08000000 | len: 0x00100000 | blk_size: 0x00020000 |initialized finish.
[D/FAL] (fal_flash_init:49) Flash device | W25Q64 | addr: 0
x00000000 | len: 0x00800000 | blk_size: 0x00001000 |initialized finish.
[I/FAL] ==================== FAL partition table ====================
[I/FAL] | name | flash_dev | offset | length |
[I/FAL] mmmmmmm oo m oo oo e oo
[I/FAL] | bootloader | onchip_flash_128k | 0x00000000 | 0x00020000 |
[I/FAL] | app | onchip_flash_128k | 0x00020000 | 0x00060000 |
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[I/FAL] | easyflash | W25Q64 | 0x00000000 | 0x00080000 |
[I/FAL] | download | W25Q64 | 0x00080000 | 0x00100000 |
[I/FAL] | wifi_image | W25Q64 | 0x00180000 | 0x00080000 |
[I/FAL] | font | W25Q64 | 0x00200000 | 0x00300000 |
[I/FAL] | filesystem | W25Q64 | 0x00500000 | 0x00300000 |
e A NS e e e e e

[I/FAL] RT-Thread Flash Abstraction Layer initialize success.

[I/FAL] The FAL block device (filesystem) created successfully

[D/main] Create a block device on the filesystem partition of flash successful.
[I/main] Filesystem initialized!

BTG 2 B AT EAE, A BRI HE ERTBLE S, app FfFC 2 1.0.0 JRASTH2%
27 2.0.0 A

2.0.0 RA B8 4 [ RE 2 S #F HTTP OTA N#IhReEN, Huknr bi—E i HTTP #47 OTA F%%. H/°
AA] 75 B0 E LSS, BT RAE TR AT IS 2L

25.7 JFEEIN
TEIBATIZHIFERT, H505e0 all.bin [E4Fest 2w 4%

o WAZUE A el 4% 2 2 [ A

o $TH OTA FAZKFEFRT, XL F0as 5 XRP A FAEE (K app B4R app 77 XD, &%
X R

* MyWebServer #F ] g2 4 1 (1) 7 K BR i D g, 8 FHATE A Windows B K IEIC B

o HIOMRFR 115200, LAY, s

* app [E #2420 M 0x08020000 ikt - 4f 55+, 75 08 H bootloader 2Bk % app &M app [# {47
fif7E app 2> X 4, FEaGHLEE )y 0x08020000, 14 H /7 7 A At app FL, 1 4 4 13 2% A\
0x08020000 Huhi-4E4% app &4

25.8 5|AS&%
o R4 : RT-Thread A% 0y

« OTA ¥ Z% Ymodem Bl &1
« WiFi fii [l it iHi% 2% {#£F WiFi Manager &3, ##{F WiFi M4 &5
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526 =

g/ TEEFERHITE

\
/

26.1 &Y
netutils & — M E AL B RS TR, FIRZEEE, TS RELERRMNEIIEE

I RAR ZAEH] o 2 75 20 A — e 2 1) /b TR, N Z4A netutils BAFEHE 7, HFRMLE D)
RET IS BB L T

AGIRE AR UL 2 K 1 5T R _EAE A netutils #fH LRI # M) RE .

26.2 HE{H1RRE

AR 3 OB K 1 SRR i) WIFL BB 58 s 2508 15, (A i af R EE AT & 1K) WIFL A2 )
PAIEH TAE.

26.3 HRULAA
ABIFERVRISAL T /projects/05_iot_netutils.

26.3.1 netutils 4G H-L5H17 AR

T/ RT-Thread netutils #1440 Dh B ()43 A0 fi A

e a3 IREmIA

Ping IR FIF “ping” fiv 4] AR A 45 & 75738, 7] LR At 5 Bh BA 143
AT AN TE [ 245 it

NTP I [ [ 25 oA 5% 1 TR B

TFTP AL TFTP & — MEHmSCF R F S, B FTP iE B8 2%

Iperf PEREI MK TCP A1 UDP 7 % VERE, PTLARE 98 1EiB £ 30 R E 4

BEK
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H K e TheEmif

NetIO P REI It 5 P v e ) TR

Telnet TR 1] A LLZ A2 % 5 ) RT-Thread [¥) Finsh/MSH Shell
tcpdump W 2% 1 1 tcpdump 2 RT-Thread %7 IwIP [ 24140 TR

netutils ZAF SO a0 R s

netutils // netutils 3 ff 3%k
O00iperf /7 iperf [ & P fg Ik
O00netio // netio M % #r i & I K
000ntp // ntp I [a] [ 22 D) fE
000ping // ping I)J TJ‘E
0o0tcpdump /1 2% A
O00telnet // telnet lﬂi% i
oootftp /1 TETP fs
O00tools /7 W2 T A

26.4 IBE1T

26.4.1 #WiF & T#

* RT-Thread Studio: 7t RT-Thread Studio ()€1 B &5 1 T 2 STM32F407-RT-SPARK T4, R)5
BIEEH TR, PATHBEE.

* MDK: ¥JEXH mKklinks.bat, 4% rt-thread 5 libraries SCF3e 5542, F# ] Env 4= MDK5 T.
F#; fJa X project.uvprojx 77F MDK5 TR, #$hAT%ii%.

ke UG, FIF IR ST-Link USB 15 PC HLIERE, SRS HE M T E B KR

26.4.2 BITHR
26.4.2.1 HERIIE

HTAEAE ] TETP ZhRE ) 5 Gt N ARS SO &5 E 0 RGBT SCRE, I AR GAEVIIR LI S B 47 3 &R
G RIIRERIRIAAIE . I RAESR E HIAF A% 70 X LA AT EEEOCM R G, FTRES LSO R ST BRI
L. BRI 5 224E msh P T mkfs -t elm filesystem 4, & SfEAEE %+ 4 N “filesystem”
431X _E A elm 881U RS

ARG E SRR B

\ |/

- RT - Thread Operating System

/ |\ 4.1.1 build Jun 14 2023 15:04:23
2006 - 2022 Copyright by RT-Thread team
1wIP-2.0.3 initialized!
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[I/sal.skt] Socket Abstraction Layer initialize success.

[I/SFUD] Find a Winbond flash chip. Size is 8388608 bytes.

[I/SFUD] W25Q64 flash device is initialize success.

[I/SFUD] Probe SPI flash W25Q64 by SPI device spi20 success.

msh />[E/[RW007]] The wifi Stage 1 status 0 0 0 1

[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth
[I/WLAN.dev] wlan
[I/WLAN.lwip] eth

device init ok name:w0
init success
device init ok name:w1

rw007 sn:
rw007 ver:

[rw007c745bb22fc584aa6cecc]
[RWO07_2.1.0-a7a0d089-57]

[D/FAL] (fal_flash_init:49) Flash device |
x08000000 | len: 0x00100000 | blk_size:
[D/FAL] (fal_flash_init:49) Flash device |
x00000000 | len: 0x00800000 | blk_size:

onchip_flash_128k | addr: 0
0x00020000 |initialized finish.
W25Q64 | addr: O
0x00001000 |initialized finish.

[I/FAL] ==================== FAL partition table ====================
[I/FAL] | name | flash_dev | offset | length |
[I/FAL] = mmmmmmm o s o o o oo e e e e
[I/FAL] | app | onchip_flash_128k | 0x00000000 | 0x00060000 |
[I/FAL] | param | onchip_flash_128k | 0x00060000 | 0x000a0000 |
[I/FAL] | easyflash | W25Q64 | 0x00000000 | 0x00080000 |
[I/FAL] | download | wW25Q64 | 0x00080000 | 0x00100000 |
[I/FAL] | wifi_image | W25Q64 | 0x00180000 | 0x00080000 |
[I/FAL] | font | wW25Q64 | 0x00200000 | 0x00300000 |
[I/FAL] | filesystem | W25Q64 | 0x00500000 | 0x00300000 |
[I/FAL] =============================================================
[I/FAL] RT-Thread Flash Abstraction Layer initialize success.

[I/FAL]
[D/main] Create a block device on the filesystem partition of flash successful.
[I/main] Filesystem initialized!

The FAL block device (filesystem) created successfully

26.4.2.2 EETEME
FEFBITE &8N MSH 217, 2R P e B A A ML, i MSH 4 wifi join ssid key fic
B, WNAR:

msh />wifi join ssid_test router_key_xxx

join ssid:ssid_test

[I/WLAN.mgnt] wifi connect success ssid:ssid_test
msh />[I/WLAN.lwip] Got IP address : 152.10.200.224

26.4.2.3 Ping TE

Ping ;2 —FRIZ& 2 T A, AR ECE WA S IP Pl BIA%eE B0 A55E5 EALE 2 R
R (BR) MYHE R,

RT-Thread
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Ping #7510 IP Huhlksldk 44, {8 Finsh/MSH 23470048, KEUEH SR T -
* Ping i 4

msh />ping rt-thread.org

60 bytes from 116.62.244.242 icmp_seq=0 ttl=49 time=11 ticks
60 bytes from 116.62.244.242 icmp_seq=1 ttl=49 time=10 ticks
60 bytes from 116.62.244.242 icmp_seq=2 ttl=49 time=12 ticks
60 bytes from 116.62.244.242 icmp_seq=3 ttl=49 time=10 ticks
msh />

« Ping IP

msh />ping 192.168.10.12

60 bytes from 192.168.10.12 icmp_seq=0 ttl=64 time=5 ticks
60 bytes from 192.168.10.12 icmp_seq=1 ttl=64 time=1 ticks
60 bytes from 192.168.10.12 icmp_seq=2 ttl=64 time=2 ticks
60 bytes from 192.168.10.12 icmp_seq=3 ttl=64 time=3 ticks
msh />

26.424 NTPTIH

NTP & [ 45 i [7] fp X (Network Time Protocol), ‘&2 R A0 W 46 rh 25 A T S L [A) (9 Bp e A5
netutils #/EESHL T NTP %/, %8 B G, v LUSKRECS |G UTC IHE), FF8 3 % RTC .

FJa RTC w5, I UMER N Fa 4 [F2P NTP AR (3] % RTC # % .

MSH iy & 2R W R

msh />ntp_sync # [ NTP W % i (6] 2] RTC i% %

Get local time from NTP server: Fri Sep 21 09:39:15 2023
The system time is updated. Timezone is 8.

msh />date # 1B 2 T A

Fri Sep 21 09:39:47 2023

26.4.2.5 TFTP TR

TFTP (Trivial File Transfer Protocol, & 5. SC{-E % i) & TCP/IP Pristige i — /N RAEZ F AL
55 R 4% 28 2 1) 33 AT faT B SO AR O S, SRS Z . TR AS K SCHAE IR S, S5 N 69, EUAR 4R
FTP thiX B mPR %2, EH T/ A7 .

TFTP T A R#EA TAER T mpiA~ 5%
o % TFTP %/ i 20255 0 F A7 T packages/netutils/tools/Tftpd64-4.60-setup.exe , 1% ] TFTP i,
B e %A

o 27 TFTP JR% BRAEAL 5 SCAERT, #5EAE RT-Thread 1%/ Finsh/MSH 4543k 5 ) TFTP IR %45,
KEGHR W T -
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msh />tftp -s
tftp server start!
msh />

o %4 RT-Thread #:/E & 4;
FITFNI 222510 Tftpd64 3, Fin R EREH T & -

1. #%#% Tftp Client ;

2. 7f Server interfaces FHifEH, 5-0iE# S RT-Thread 4T [F— M B+

3. 5 TFTP 45 #%1% IP k. nJLL7E RT-Thread /) MSH F{#f ifconfig iy 4 &%
4. 35 TFTP k55415, BRik: 69

¥ Tftpd64 by Ph. Jounin - O X
Current Directory |C ‘\Program Files\ T ftpd64 [ Browse

Server mterfac) Ii 92.168.10.133 Realtek R1 v | Show Dir
Thtp Sewerl DHCP server | S }'Sh:};l»dd Log viewer |

Host |192.159.12.32 | Por -

Local File E:\programhR T T \art-wifisfirmware\apg . |

Hemote File
Block Size Default =
Get I Put | Breal
About Settings Help
26.1: tftpd config
1] RT-Thread &% {4

1. ff Tftpd64 Ffirh, IEFIFERIE AT,

2. Remote File 72 fik 55 &% i 0/ 77 SCAF B8 A2 (CBAESCIF 4D, BRI B4R A28 X B A2 1T
RT-Thread #XiAJT /5 DFS_USING_WORKDIR &1, UG AHXS B8 A% 2 45 T MSH 4TEA R B
L, s AR R AR IS, 55 A6 SR AT DI T H 3%
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3. Ay Put #Z4EHEITA],

W B R, RSO AGE S Finsh/MSH 4 HTEEA R H 3T, 31X BLAE ] AR A B A2

“?f? Tftpd64 by Ph. Jounin — 0 X

(T =T T Tt TR -\ Proaram Files\T ftpd64 Ll Browse

Server interfaces  |192.168,10.133 Realtek A1 | Show Dir

Thtp Server Tftp Client | DHCP server | Syslog server | Log viewer |

Host |1 92.168.12.32 Port |59

Local File E:\program‘R T Thart-wifisfirmware\apg 1 | |

Remaote File
Block Size Default L]

_Get | TR

About | Settings | Help |

26.2: tftpd put

VEE: W% DFS_USING_WORKDIR £ JF)H, IR Remote File N7, B REERKET.
M RT-Thread 3 H 44

1. 7£ Tftpd64 A, S F BRI SR IE 1R CRIE ST 4D

2. Remote File /& ik 5% 25 i £ F WS B R 1 SO 6 AR CRLAE SO 44D, T SCREAR O R AR AN Z X B% 42 . HH
F RT-Thread 2\ /5 DFS_USING_WORKDIR #£30, I AHxT #8145 2 & T Finsh/MSH 24 a3 A
MIH. ArCh, MM ERER, S0Iiarva B33k,

3. fidi Get #%4HED AT . 4 R AR, K /web_root/image.jpg A7 BIA M, 31X B 1) 2 46 0 B 4%«

msh /web_root>1s # BE MR DAL
Directory /web_root:

image.jpg 10559

msh /web_root>
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¥ Tfpd64 by Ph. Jounin — O X
P10 QRTINS GO -\ Program Filesh\TipdB4 Browse

Server interffaces  [127.0.0.1 Software L ﬂ Show Dir

Tip Server THtp Client | DHCP server | Syslog server | Log viewer |

Host |192.‘IEiB.12.32 Port IBEI
LocalFile 1 Iu'\FITTHart-wiﬁ\ﬁrmware\.app"-.irnagc,ipgI I
A 4

Remote File Ifweb_mut!image. ipd
Block Size I Def a'i LI
Get

LG I Put | Breal

About | Settings I Help

& 26.3: tftpd get

26.4.2.6 Iperf THE

Iperf /& — A M2 PERE A TR . Iperf n] DL # K TCP #1 UDP #f fi i Ge, HA ZFS4H1 UDP
P, PTLLARYE R Z R, nTDARE g . RIS AEE k. Iperf £ AR 5 AR, B — i AR
5528, W —uR R, B Iperf SEEL T TCP 45 #e i aURZs Friimtiis, #A#F UDP Mk, T
T L AR U A 19 s <) 5 FH v

Iperf ik 55#e i

1. $REIP ik
7E RT-Thread I 3KEY IP Huhl #5357 00 R 6y

msh />ifconfig

network interface: e0 (Default)
MTU: 1500

MAC: 00 04 9f 05 44 e5

FLAGS: UP LINK_UP ETHARP

ip address: 192.168.12.71

gw address: 192.168.10.1

net mask : 255.255.0.0

dns server #0: 192.168.10.1
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dns server #1: 223.5.5.5

W 3RMEM IP Mihk 192.168.12.71 (3% Sz b4 v id %)

2. jazh Iperf A% %5
7t RT-Thread )5 zh Iperf IR 45 %% 75 EHU4T W R a4

msh />iperf -s -p 5001

SH s WEBERFMEANBRSBRS, 5% -p £5HYF 5001 % 0.

3. 2% TPerf M H 1t
LA T packages/netutils/tools/jperf.orar , XA RGO, R SEER EAR IR, f#
FE B AR BT

4. 317 jperf MK
77T jperf.hat #ff, &0 FHAEHATICE

1. #%#% Client #5;

2. B NWIKIZRAS ) TP Mk 192.168.12.71 (FszhribhbIiaS), &oos H 5 A 5001,
3. fidi run Lperf! JF4HR

4. EAFMNALE . M, s 2> 78 shell FAT JPerf 24 EEIR.
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£ JPerf 2.0 - Network performance measurement graphical tool - O X
Help
Iperf command: binfiperf.exs -¢ 192.168.1245-P1-i1-p 5001 -fk-t10-T 1
Choose iPerf Moqe:SErveradme@ | Port 5,001
Parallel Streams 1= 3 @;

Server

BHiam, 16 )\ H 2018 15:04:2
Bandwidth & Jitter

Enable Compatibility Mode S g =

»

Application layer options

Transmit 10

Bytes (® Seconds

Qutput Format KBits -
Report Interval 1= seconds ::_. 3 513 518 517
Testing Mode Dual | Trade Time (sec)
test port 5,001 —
Representative File
0 t
Print MSS | Outpu :
[316] 521.0-522.0 sec 1544 KByles 12648 Kbils/sec =
Done
Transport layer options 2 |
Choose the protocol to use P 0 » =
& TCP
Save Clear now Clear Output for new Iperf Run

Baitar | anmith

26.4: iperf client

Iperf & 7 b A 2

1. 3RHL PC 1) IP Hubl
76 PC W &2/~ 5 % 10 L4 A ipconfig #iv 4 3K PC (1 IP #hhk, i F3K#3 1% PC IP Huhlk>hy
192.168.12.45 (#&5LPriEHLICET).
2. ‘2% TPerf M
GRS T netutils/tools/jperforar , XASRSEERM, AP FORMRIE SRR, fREEH SO
JERITT,
3. JfJa jperf IR %5 5%
177 jperf.bat #ft, e FEAERATRCE -
1. EF Server i,
2. {54 115 5001;
3. Aidi run Lperf! )3 ik 55 %%
4. JA%) Iperf & /'3
£ RT-Thread )53} Iperf & /i F ZEHAT Q1 R fir 2

msh />iperf -c 192.168.12.45 -p 5001
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SH -c RREANRF WA, BT EMSITRS M pc 10 IP ik, 8 -p RRER
5001 ¥ 0. SR 45 R, $¥ &4 shell Hm M JPerf #4F L8R,

![iperf server](/builds/document/document-control-center/docs/spark-pdf/projects
-1.0/05_iot_netutils/./figures/jprf2.png)

26.4.2.7 EZMKFATR

B 7 iR H ML TR, netutils FF 652 gt — 2o Rl b LU s 4% TR, 41 NetIO T
A Telnet TAAI tcpdump T H. XE&T B 7757 BLZS 2 B Dh RE H 5T 13 B S0

26.5 EEEI

e TAE, PUTHBOU RGURIE Z AT RAAE & A MBERR SRS, IS HE BRI

26.6 SIE&%

e netutils #fFfL: https://github.com/RT-Thread-packages/netutils
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28275

im|
ju|
FH

#3751 OneNET =FE 81 ENGIFE

AIFETE R WA fE F RT-Thread #2441 onenet #4452 \ b [E R sh BN BT &, A48 Wi it
MQTT ¥4 N\ OneNET V&, #JX{EH OneNET 74 M %5603 (OneNET A0 .

27.1 &
OneNET V& =2 B ah 3 TN = iTiEmAESTFE, BEAEitkmTH. 2hiUEAN. F£F API
YEE. BIE R ALEE . PUEN LSRR S . OneNET “F 4 n] DLIE BC & Ff o 28 3R 35 F i 28, B0 e <7 3

[t1¥4#H LWM2M (NB-IOT), EDP., MQTT. HTTP. MODBUS. JT808. TCP i%fk. RGMP 4, Jil 1
AR AN 5] £ 2 FH 37 e B8 A R R A DAL

onenet #4-f1 & RT-Thread %1% OneNET V&M FIERL, @i X A4 a] Uik % 7E RT-Thread
AR T %R OneNet V&, SEREIEHIRIE. Bl WA IR 6 25 ThAg .

27.2 @R

onenet B2 7 EAKMUE K 1 A LK WIFL B Te sl 2815, il o (RAE1F1 & 1 1) WIFi
AT LR TAE

27.3 HEEITE

27.3.1 BIE~m

onenet JRE BB AR MLy 22 S B A E I BRI — AN
Pl B A


https://open.iot.10086.cn/doc/
https://open.iot.10086.cn/develop/global/product/#/public?protocol=3&other=1

RT-Thread £k 1 5 H ) F it 27.3 % HERTAE

RT-SPARK

* Tl

BEaE ~

»ERER:
@) win | EEmERE

* RS

Linux Android VxWorks Hcios @ %

* PRS-
O & [ &5 [ BE ) Bt

27.1: GUEE

27.3.2 fEER%F
RATREN i, S &SI, A i . R EE ST

AIENRE

+ BEER:

F407
* IEEE:
 SHEREE:
® #mE () oF
A

BEGRE:

BEUE:

e
'gglé'(g@ QrEExisne
© 2023 Baidu - GS(2021)6026= - Tﬁuﬁﬂf“)‘ﬂ}iﬂ - FEICPHE0301 7!1?.

Q

= B

27.2: G4
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27.3.3 HREHBHE

ARIDFE I EZE N TR W A5 I e & = oK P (5 2.
M ifi RT-Thread Settings, it OneNet 3G #HATALE

S@N) TEE) ETR S0W  SE5EH
X-®m@asgQrigil~i“iarm

RT-Thread Settings &3

Pot .éﬂ#‘: ‘:n:m

Property

{5585 OneNet T~
fEEET IS MOTT HHSL
Enable support HTTP protocol

25 ID
L = e

GAgent GAgent of Gizwits in RT-Thread

Ali-iotkit: Aliyun doud sdk ‘iotkit-embedded’ for RT-Thread

Azure loT SDK: Microsoft azure cloud SDK for RT-Thread

tencent-iot-sdk: Tencent Cloud loT Explorer Platform SDK for RT-
Thread

J|ut c-sdle JIGUANG loT Cloud Client SDK for RT_Thread

[PKG_USING_ONEMNET]

[® 27.3: OneNet fii &

B (E BRI RS E M I R R

B h E onenet X {5 &
e ID % ID

B BAEAE B ERER

APT 4] APIKey

77 i ID 7 i ID

F /7= i APIKEY Master-APIkey

Wf MiAZ B AE OneNet Ak
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UMM =T

RT-SPARK FmliD AFID Master-APlkey access_ke
610468 338992
SEEEAE
0
SBFEmES
BEENEE (2) HESEN (2) 22 HEBMESY (2
S EFIEEE
1 1 22 0
F .
BAIRERIT

27.4: 7 ID 7 B

. C'OOneNET | SHANEA BT
R - SIS [F407]
wEFlE FISRET TSR TEwS == i)
et
IR F407
Coamici =) 1100047415
s 2023-06-20 13:47:12
rit
Bz EAAT MaTT

APHEHE hitp:/fapi.heclouds.com/devices/ 1100047415
APIKey 14:5Koo0PnTY Sm4h0=ZJ3tPgdxnQ=
EEER 1

f . A TR P

& 27.5: ##&1EEME
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27.4 ER{RER

AR B IEIS AL T /projects/05_iot_cloud_onenet. A I ESLIL 7 AEH MSH Bk FALHIT &)
fig, FEFfCfzT-applications/onenet_sample.ct X fFH .

7t onenet_sample.c 1, FETERL T LA JLAMES:

VA ] AR AR 55 3] MSH
static void onenet_upload_entry(void *parameter)
{
int value = 0;
while (1)
{
value = rand() % 100;
if (onenet_mqtt_upload_digit("temperature", value) < 0)
{
LOG_E("upload has an error, stop uploading");
break;
¥
else
{
LOG_D("buffer : {\"temperature\":%d}", value);
}
rt_thread_delay(rt_tick_from_millisecond(5 * 1000));
¥
¥

int onenet_upload_cycle(void)

{
rt_thread_t tid;
tid = rt_thread_create("onenet_send",
onenet_upload_entry,
RT_NULL,
2 * 1024,
RT_THREAD_PRIORITY_MAX / 3 - 1,
5);
if (tid)
{
rt_thread_startup(tid);
}
return 0;
}

MSH_CMD_EXPORT (onenet_upload_cycle, send data to OneNET cloud cycle);

RT-Thread RT-Thread £:X 1 SAFAFMH 169



RT-Thread £k 1 5 H " Ft 27475 B

M EARRC T R AL B AR AT 8 R S MSH

int onenet_publish_digit(int argc, char **argv)

{
if (argc != 3)
{
LOG_E("onenet_publish [datastream_id] [value] - mqtt pulish digit data to
OneNET.");
return -1;
}
if (onenet_mqtt_upload_digit(argv[1], atoi(argv[2])) < 0)
{
LOG_E("upload digit data has an error!\n");
}
return 0;
}

MSH_CMD_EXPORT_ALIAS(onenet_publish_digit, onenet_mqtt_publish_digit, send digit
data to onenet cloud);

int onenet_publish_string(int argc, char **argv)

{
if (argc != 3)
{
LOG_E("onenet_publish [datastream_id] [string] - mqtt pulish string data
to OneNET.");
return -1;
}
if (onenet_mqtt_upload_string(argv[1], argv[2]) < 0)
{
LOG_E("upload string has an error!\n");
¥
return 0;
}

MSH_CMD_EXPORT_ALIAS(onenet_publish_string, onenet_mqtt_publish_string, send string
data to onenet cloud);

DA S ¥ 52 i 445 ) LED R4k

/* onenet mqtt command response callback function */

static void onenet_cmd_rsp_cb(uint8_t *recv_data, size_t recv_size, uint8_t **
resp_data, size_t *resp_size)

char res_buf[] = { "cmd is received!\n" };

LOG_D("recv data is %x:%x\n", recv_data[0], recv_data[1]);
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if(recv_data[0] == 0x00)

{
rt_pin_write(PIN_LED_B, recv_data[1] > 0 ? PIN_HIGH : PIN_LOW);
LOG_D("blue light %d", recv_data[1]);

}else if(recv_data[0] == 0x01)

{
rt_pin_write(PIN_LED_R, recv_data[1] > O ? PIN_HIGH : PIN_LOW);
LOG_D("red light %d", recv_data[1]);

/* user have to malloc memory for response data */

*resp_data = (uint8_t *) ONENET_MALLOC(strlen(res_buf));

strncpy((char *)*resp_data, res_buf, strlen(res_buf));

*resp_size = strlen(res_buf);

/* set the onenet mgtt command response callback function */
int onenet_set_cmd_rsp(int argc, char **argv)

{
rt_pin_mode(PIN_LED_B,PIN_MODE_OUTPUT);
rt_pin_mode(PIN_LED_R,PIN_MODE_OUTPUT);
onenet_set_cmd_rsp_cb(onenet_cmd_rsp_cb);
return 0;

}

MSH_CMD_EXPORT (onenet_set_cmd_rsp, set cmd response function);

27.5 BT
27.5.1 Zmi¥ & T&

* RT-Thread Studio: 7t RT-Thread Studio {0/ B &4 % STM32F407-RT-SPARK BEJi €, RJ5
DI T, AT

* MDK: #5XH mklinks.bat, 4:f% rt-thread 5 libraries SCfFJe854z; Fff A Env 4 MDK5 T
F#; /e X project.uvprojx 77 MDKS T.#2, $#4T441%-

ke UG, HIF R ST-Link USB 15 PC HLIER:, SREHE M R EEIF R
FEFPI AT H & T s

\ |/

- RT - Thread Operating System

/ ]\ 4.1.1 build Jun 20 2023 17:23:42

2006 - 2022 Copyright by RT-Thread team

IwIP-2.0.3 initialized!

[I/sal.skt] Socket Abstraction Layer initialize success.
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msh />[E/[RW007]] The wifi Stage 1 status 0 0 0 1
[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:wO0
[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:w1

27.5.2 %E# wifi

N O wifl M5 iERE wifi

msh />wifi join demo 12345678
[I/WLAN.mgnt] wifi connect success ssid:demo
msh />[I/WLAN.lwip] Got IP address : 192.168.137.118

ATUER], wifi C2EEMT, JFHfh 1 IP il

27.5.3 HFEEE

msh />onenet_mqtt_init

[D/onenet.mqtt] Enter mqtt_connect_callback!

[D/mgtt] ipv4 address port: 6002

[D/mgtt] HOST = '183.230.40.39'

[I/onenet.mqtt] RT-Thread OneNET package(V1.0.0) initialize
msh />[I/mgtt] MQTT server connect success.

[D/onenet.mqtt] Enter mqtt_online_callback!

success.

BT 22 S I £ o B A b T R 2

27.5% 1T

pei=silE

BEHE) @ EEHREHT) igEEfE @

ghHWKyLQUNGBaWo
EERTE® v aREn v Q ==

B0 BEER BERE RRELRIE

110004741

. Fa07 2023-06-20 17.27:32

]
A

27.6: WAL

27.5.4 ¥iE L%

RIS ERZ JG, A4 onenet_upload_cycle, SEREHE K%

msh />onenet_upload_cycle
[D/onenet.sample] buffer : {"temperature":52}
msh />[D/onenet.sample] buffer : {"temperature":56}
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ot
fﬂ
<l

‘ [D/onenet.sample] buffer : {"temperature":56}
‘ [D/onenet.sample] buffer : {"temperature":19}
‘ [D/onenet.sample] buffer : {"temperature":11}

fTJF OneNET ¥ &, fER&FIFTRIME, EHFEBIERRBR, ~ifiEJT temperature Hla i, wLLE
WA =A% B0 B4t 45

temperature

2023-06-20 2023-06-20 2023-06-20 2023-06-20 2023-06-20 2023-06-20 2023-06-20
14:13:37 14:13:52 14:14:07 16:11:48 16:12:03 16:12:28 17:30:41

[ 27.7: temperature 44

27.5.5 &kl
EREFIRAM, R TEHS, MTEONTES®SRA, S — A aAE0, RITTU TR

LT RM . BATATLUE L— DA T B i 4 xx xx, 5 — B led 19251, % A7 BRAGEE.
Etan 00 01 ARERZLIT 2K, 00 00 FURZAT . AIFE OneNet FHiii T Acfn <, f24i LED.

~EwS

FE= (o) 16E3

0100

& 27.8: FRinrd

eﬁ
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[D/onenet.mqtt] topic $creq/7ede0f8b-1f78-58ca-86d3-cc2314915ad4e receive a message
[D/onenet.mgtt] message length is 2

I HAEEE) LED MRSt A L 17421 .

27.6 EEEIN

2P

27.7 S|IAS%E
o WHKEIKFN: PIN ##%

 onenet % fFfL: https://github.com/RT-Thread-packages/onenet
o K4 RT-Thread SCRH 0
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$ 28 =
Bl BB 4 BRI SE S N 532

A4 #2957 an 7 4 F RT-Thread #2 #i 1) ali-iotkit 0 ¢F 6348 N FT B 2B &, /v 48 e Jd it
MOTT PR AR R Z T & o s matt PRl AR R HE -

28.1 &7

ali-iotkit /= RT-Thread i i H T %300 B 2= 10T “F & K F4 . £al SDK 2 Fi B4t 1 iotkit-
embedded C-SDK.

ali-iotkit fy 7 7 (¥ % b s 3 7 EEEREYHY, 0 MQTT. CoAP. HTTP. TLS, J HXffiff-F
BT TG, EH AN B A £ B T 5E 0 R 3%

MAHES =82 A SDK, RT-Thread #2441 ali-iotkit HA7 41 R %

o PREIENRE

o AR B &

o LMY E (GCC. IAR. MDK)

o ZEREWMIFE (HTTP. MQTT. CoAP)
o 3K F % ) RT-Thread 4= 43 FF

o EBREM. B8 OS VA R

o WM OTA F+4%

o TLS/DTLS %4 %%

o AR 1 B o R

o AT ST ReL

28.2 HE{4IRFH

ali-iotkit i F5 75 ZAMUE K 1 S8R L) WIFL B g sl 463845, L1 i DR S8 1F-F & ) WIFL
R AT DAIE 3 A


https://github.com/aliyun/iotkit-embedded
https://github.com/aliyun/iotkit-embedded

RT-Thread £k 1 58 Fit 28.3 15 AR Ui

28.3 EH{4ixRH

ali-iotkit IF247 T projects/05_iot_cloud_ali_iotkit H3E'F, FEE M EVIH U FHTR:

A ]

applications/main.c app AH

packages/ports R S
packages/ali-iotkit-v3.0.1 R B = MUK S B N R
packages/ali-iotkit-v3.0.1/samples Bl B = BRI ~F- £ 3 A 151

28.3.1 2L AR

1% ali-iotkit JE R I FE AL AL A T /projects/05_iot_cloud_ali_iotkit/packages/ali-iotkit
-v3.0.1/samples/mqtt/mqtt-example.c AT, ZOARESUERH AN R

1. WEHEREIUE

f#H Rt-Thread Settings 1% & & WuE FEIE (AP 2—— IoT Studio “F&3KEO, W1 FEFIR:

Value

[ mreew [
I [~ P= T

T — T
| 7b03b3424e989d9fa1f1c3a37509acdb

.
T
) - |

ATLIRE INERA METWORK DAV OAD

& 28.1: & E B EIE

i# it Rt-Thread Settings T B EME B MR A G, LESKBMEXHWAEEDS N F 05
_iot_cloud_ali_iotkit/rtconfig.h 3CfF /1, H ;7] DL B £ & & rtconfigh ¢, 1 & A
TN

/* {fi F B B LinkDevelop “F & */

#define PKG_USING_ALI_IOTKIT_IS_LINKDEVELOP

/* B E A5 ID */

#define PKG_USING_ALI_IOTKIT_PRODUCT_KEY "alHETlEuvri"
/* E LT */

#define PKG_USING_ALI_TIOTKIT_DEVICE_NAME "RGB-LED-DEV-1"
/* hC B E R/

#define PKG_USING_ALI_IOTKIT_DEVICE_SECRET "ZwQwQNXfXVeXF39kmOfw6SirQgRIq8a0"

2. JEAF MQTT E4E1A
VEAT mqtt (AR R, ARSI TR s
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mgtt_params.handle_event.h_fp = example_event_handle;

3. MQTT E4[EE

24 MQTT % 7 i B iR 55 5 SR M FAF 2 1 ] example_event_handle B%L, Hi B FHE
S B E SO, ARRS AN B
static void example_event_handle(void *pcontext, void *pclient,

iotx_mqtt_event_msg_pt msg)

EXAMPLE_TRACE("msg->event_type : %d", msg->event_type);

4. BE MQTT & i

4.1 Ma1k iotkit EEEE

A8 FH FH 7 IE BB f) 8 45 0% 2 4IF (PRODUCT_KEY. DEVICE_NAME #1 DEVICE_SECRET) #]#41k iotkit
EEER, RIS NER:

HAL_GetProductKey(DEMO_PRODUCT_KEY);
HAL_GetDeviceName (DEMO_DEVICE_NAME);
HAL_GetDeviceSecret(DEMO_DEVICE_SECRET);

4.2 Bt E MQTT ZEFiHEH
YIthtk MQTT % im BT 0 F 4 0. RSS2 EMLG Ko 15250 E , RIS R FiR:

iotx_mqtt_param_t mqtt_params;

/* WAk MQTT 4 454 */
iotx_mqtt_param_t mgtt_params;

memset(&mqtt_params, 0x0, sizeof(mqtt_params));
/* Initialize MQTT parameter */

/*

* Note:

*

* If you did NOT set value for members of mqtt_params, SDK will use their
default values
* If you wish to customize some parameter, just un-comment value assigning

expressions below
*

**/

mqtt_params.handle_event.h_fp = example_event_handle;

4.3 813 MQTT ZF i
] T0T_MQTT_Construct pREUEE—/ MQTT % P, ARSI T Frs:

/* fERAEER MQTT S %M i MQTT % F o di4E 454 */
pclient = IOT_MQTT_Construct(&mqtt_params);
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if (NULL == pclient) {
EXAMPLE_TRACE("MQTT construct failed");
return -1;

4.4 1T1#)%&ERY Topic
ffiFH T0T_MQTT_Subscribe pR#IT 48 € 1 Topic, QLU AoR:

res = IOT_MQTT_Subscribe(handle, topic, IOTX_MQTT_QOSO, example_message_arrive, NULL
)
if (res < 0) {
EXAMPLE_TRACE("subscribe failed");
HAL_Free(topic);
return -1;

WEFE/N: /PRODUCT_KEY/DEVICE_NAME/user/get, FTHZ2AIRAGHEWE.
4.5 EF A miEEH BEH MQTT ;HEBM
] TOT_MQTT_Yield BREIEUCK H =i HITH B

while (1) {
if (0 == loop_cnt % 20) {
example_publish(pclient);

IOT_MQTT_Yield(pclient, 200);

loop_cnt += 1;

5. %# MQTT & Fif

KM MQTT %5 /- i it S UM CDAFAE M T, P45 MQTT %% iz,  DARESCBE .
5.1 BUHITR#EE R Topic

f§ ] TOT_MQTT_Unsubscribe B OV & AEAE BT B

int IOT_MQTT_Unsubscribe(void *handle, const char *topic_filter);

5.2 $42 MQTT % i
ffiH TOT_MQTT_Destroy 8 CAEAF/EM MQTT % o, LARECBL IR 5 H

int IOT_MQTT_Destroy(void **phandle);

6. ZMIKES
6.1 132 Alink & EHE
AR — AN 0 S B R Alink Pl 8 e, a0 s
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/* WIAh AL R % Y Topic MW EWNE */

const char *fmt = "/%s/%s/user/get";

char *topic = NULL;

int topic_len = 0;

char *payload = "{\"message\":\"hello!\"}";

topic_len = strlen(fmt) + strlen(DEMO_PRODUCT_KEY) + strlen(DEMO_DEVICE_NAME) + 1;
topic = HAL_Malloc(topic_len);
if (topic == NULL) {

EXAMPLE_TRACE("memory not enough");

return -1;

¥
memset(topic, 0, topic_len);
HAL_Snprintf(topic, topic_len, fmt, DEMO_PRODUCT_KEY, DEMO_DEVICE_NAME);

6.2 XHiHE
] T0T_MQTT_Publish_Simple 4% 1 MQTT i 3% Alink WSt X0 B .

int res = 0;
res = IOT_MQTT_Publish_Simple(0, topic, IOTX_MQTT_QOSO, payload, strlen(payload));
if (res < 0) {

EXAMPLE_TRACE("publish failed, res = %d", res);

HAL_Free(topic);

return -1;

ks
HAL_Free(topic);
return O;

28.4 i&{T
28.4.1 %% & T

* RT-Thread Studio: 7t RT-Thread Studio /¥ % B & H1 T 2 STM32F407-RT-SPARK B4, R)5
BIEEH THE, AT

* MDK: #5EXH mklinks.bat, 4% rt-thread 5 libraries SCfFJe854%; Fif# A Env 42 MDK5 T
F#: o X project.uvprojx 477 MDK5S T.#2, $4T441%.

GmiETERUE, TR ST-Link USB 15 PC HLIERE, SRR FEEIF R
PR IE4T HEW T Fs:

\ |/

- RT - Thread Operating System

/ |\ 4.1.1 build Jun 27 2023 15:45:16
2006 - 2022 Copyright by RT-Thread team
1wIP-2.0.3 initialized!
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[I/sal.skt] Socket Abstraction Layer initialize success.
/>[E/[RWO07]] The wifi Stage 1 status 67452301 eOcdab09 1 1
[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:wO0

[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:w1

rw007 sn: [rw007c745bb22fc584aa6cecc]
rw007 ver: [RW007_2.1.0-a7a0d089-57]

28.4.2 EETTLMLS

FEFPigtT a et N MSH fir 447, SSAtHI B WA A M . fiTH MSH fir% wifi join <ssid> <
password> LB /4% (ssid F1 password 737l s & 1E 8 (1) WIFL H 7 A AV, 40 R Pk
wifi join demo 12345678

[I/WLAN.mgnt] wifi connect success ssid:demo
msh />[I/WLAN.lwip] Got IP address : 192.168.137.45

28.4.3 E1T mqtt demo
msh />ali_mqtt_sample

mqtt_example_main|134 :: mqtt example
host name:allafc73urn.iot-as-mgtt.cn-shanghai.aliyuncs.com

> {

> "id": "0",

> "version": "1.0",

> "params": [

> {

> "attrKey": "SYS_LP_SDK_VERSION",
> "attrValue": "3.0.1",

> "domain": "SYSTEM"

> T

> {

> "attrKey": "SYS_SDK_LANGUAGE",
> "attrValue": "C",

> "domain": "SYSTEM"

> }

> 1

> "method": "thing.deviceinfo.update"
>}

> {

> "id": "1,

> "params": {
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> "version": "app-1.0.0-20180101.1000"

> b

>}

> {

> "message"”: "hello!"

>}

example_event_handle|107 :: msg->event_type : 9
example_event_handle|107 :: msg->event_type : 9
example_event_handle|107 :: msg->event_type : 3

< {

< "message"”: "hello!"

<}

example_message_arrive|041 :: Message Arrived:
example_message_arrive|042 :: Topic : /al11AfC73URN/RGB-LED-DEV-1/user/get
example_message_arrive|043 :: Payload: {"message":"hello!"}

example_message_arrive|044 ::

LR, BIREREE, R AT B AU ATE R, BT R R H TR 1, BTk
fiseid B Ja A CHiRE] 7 8 AN S

28.5 EEEM
o (AR R wifi.

o R AIEAE Rt-Thread Settings HELE H & A& &G £iE (PRODUCT_KEY. DEVICE_NAME
F1 DEVICE_SECRET)

28.6 S|E&%

o A4t RT-Thread SCAYH
o ali-iotkit #FfL: https://github.com/RT-Thread-packages/ali-iotkit
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£ 29 E
f£Fl Web Ak 5535481+F: WebNet

29.1 &

A28 WebNet #0618 —A Web k545, /B~ Web IR%5 858700 CGL (FAALED .,
AUTH (GEAIANIE). Upload U FAE) 2535 Dhik.

29.2 HEHAER

AR T AR K 1 S HR 1 WIFL SEHe Al TF RASEHe, Rk i 6 (R A °F & 1 WFT R He R
TF AT DUEH TAE,

29.3 HEEXTE

1. fEResc R G (f LUEH] SD R0 R4tk # Flash SCfF &%)

2. 7E TF RHR H 3% T A4 webnet 0% . (4/~#I7E Rt-Thread Settings #H 243 7 SD KX %
g, JHATRE T AzhE#. FrLlikE A~ /sdcard/webnet , Jf H .4 7F Rt-Thread Settings Fic & 1
webnet 1R H 3%y “/sdcard/webnet”)

3. {£ webnet 343 B )% admin A1 upload PN 0k .

4. ¥ /projects/05_iot_web_server/packages/webnet-v2.0.3/samples/ H3xF index.html. in-
dex.shtml. version.asp £il#| TF -<¥] webnet Sk H.

* Ji% A ATEME ] netutils B H Y titp T RACH pe i tftpd #ft
 J5 % B AT LAE AR AR BRSO il SD R H 3R

SERZ A K H a5 wn R

msh /sdcard/webnet>1s
Directory /sdcard/webnet:
index.html 2737
index.shtml 322
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version.asp 205
admin <DIR>
upload <DIR>

index.html A2 5 i) web 245 230 BRIA B R B TUHE, BRATSEAER html SO/ F RN A I F2 1
AIRINBER . #& HTML iE 5 WF R FE T LE C% 5 index.html TiH, JFi\ webnet 043¢ B,

29.4 EH{HiRAH

WebNet §#IfEfi T /projects/05_iot_web_server H3 F, HECAFRHEHU N RITR:

A ]
applications/main.c app A0
packages/webnet-v2.0.3 AN

A FEFEE R T WebNet B LA H Dh g, 27 AR5 4AL T /projects/05_iot_web_server/
packages/webnet-v2.0.3/samples/wn_sample.c X,

void webnet_test(void)

{
webnet_cgi_register("hello", cgi_hello_handler);
webnet_cgi_register("calc", cgi_calc_handler);
webnet_asp_add_var("version", asp_var_version);
webnet_alias_set("/test", "/admin");
webnet_auth_set("/admin", "admin:admin");
extern const struct webnet_module_upload_entry upload_entry_upload;
webnet_upload_add(&upload_entry_upload);
webnet_init();

¥

29.5 BT

29.5.1 %wi¥ & T
* RT-Thread Studio: 7£ RT-Thread Studio )% # 4%+ T4k STM32F407-RT-SPARK B HL, #R)5
B TR, BATmPE,
» MDK: 4% mklinks.bat, 4% rt-thread 5 libraries 3¢5 4, Ff#H Env 4% MDKS5 T.
s & Jo Wk project.uvprojx 17 MDKS5 T2, $AT4miF.

ke UG, HIF R ST-Link USB 15 PC HLIERE, SRR FEREIF R
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29.5.2 EITHR

TR E R AR, IEHIEAT)E, Zimi AT

msh /sdcard/webnet/upload>

\ |/

- RT - Thread Operating System

/N 4.1.1 build Jun 28 2023 10:19:44
2006 - 2022 Copyright by RT-Thread team
1wIP-2.0.3 initialized!

[I/sal.skt] Socket Abstraction Layer initialize success.

msh />[I/SDIO] SD card capacity 1967104 KB.
m[E/[RW0O07]] The wifi Stage 1 status 0 0 0 1
[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:wO0
[I/WLAN.dev] wlan init success

[I/WLAN.lwip] eth device init ok name:w1

rw007 sn: [rw007c745bb22fc584aa6cf0c]
rw007 ver: [RW007_2.1.0-a7a0d089-57]

[I/app.filesystem] SD card mount to '/sdcard'

R wifl 3 FE SRR A

wifi join demoo 19981111

[I/WLAN.mgnt] wifi connect success ssid:demoo

msh />[I/WLAN.lwip] Got IP address : 192.168.181.31
webnet_test

msh />webnet_test

29.5.3 FFSHEHRR

29.5 % B1T

Vil web 55 #5H H %), web 42BN E R H 3 T 1) index.html 5% index.htm 3 f}.
IR B A, B IHAR H N RTA SO M E AT PUEE 2 ek Rt-Thread Settings /() Server

root directory K&, BRINN /sdcard/webnet.

FER YA OX HELAE A W as) s ARIRUAT BV v o TP ik, R0 M AT Z ATONAR H 3% (/

sdcard/webnet) fJindex.html 324, N FEFR, TR SCHER BoR:
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[ webNet x | =

1921681220 | <+ FIBEER PN A& P Huhk, U5EHE H R T index.htmi

< C 0 OFes

WebNet

WebNet IhiE

=i HTTP 1.0/1.1 378
FiF AUTH EALGE
FiE CG| W

=i ASP TREIE
SiE SSI SO,

=15 INDEX BRBET
=15 ALIAS BB

FiE upload 30i% HE

1. AUTH Test
WebNet B3 IEMESRITAS URL BRMEIEN, EEEHTLIRRERHEER.

BT FThEENGT . BPE =Y adminiadmin

2. CGI Test
WebNet CGI THaERTLLLERFHTIEESE, COIME.:

= hello world
> calg

& 29.1: root

Z U -2 7R 7 WebNet BAFELINEEARThBEN 41, JFAE T J7 248 HAH R A IR 1 o

FER 2 R AR Y5 [ B T, v DA SRR B M DU AE TF R E & RS, RIEEN
7% B N R 55 25 160 TP ik o 4 02 AH X6 4R B S AR XS B 42, BORT 5 Al X B . i, AR B SN
/sdcard/webnet, REE{jRIE TF B /sdcard/webnet/product/a.html PITT, ZENIME 2% BN JF

KA IP bk /product/a.html, HPA[#T7F a.html 1.

29.5.4 AUTH EAI\EfIFZ

EBIFEETT (/index.html) AUTH Test #LER T sy JAMIE AN 8. JiI/7 45 Ly admin:admin
b, U IEAYAEXTEHE, AN 4 admin, %19 admin. RIS AAERE, SEARHE

K Jadmin H3¢, 0 F EPRTRE:
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- (=] =
™ WebNet x4
<« X O @ F=2| 1921681229 B9 e €
a3
WebNet httge/102.168:1220
SR T
WebNet &2 RT-Thread RTOS L&IfF—it webserve o © Bs,
WebNet ﬂ]ﬁﬁ =5 e
% HTTP 1.0/1.1 3058 m P
T AUTH B GE \
=iE CGI WiFatE

o TS ASP TR -. e 3. piT S, T iE¥EH fadmin HEt
o TS SSI TN 2. A B P EREE

» 3% INDEX BRET

+ 3755 ALIAS Bl

* 5233 upload 3t &

1. AUTH Test

WebNet BZUEMREIRTTAES URL BRISIZN, EEMNTLNRIEEREHBAR,
o | a— 1. SR A UAE T R R

HE L EThEERGE . FIPEBEEERHh admin:

& 29.2: auth

29.5.5 Upload ¥ L& fIi2

Upload #2528 A% S04 31 WebNet Jil 25 2% i€ H sk Ui, E4I#E F 00 | Upload File Test 3t
s PR BB, JREUTEE PR S CRBIFE 2 A upload.txt SCfF), s L, AT LUK SO AR F]
HWHX R /upload H, W TFEIR:

O WebNet x | SN s
€ 3 C r A F2e| 1921681229 * POO

4. Upload File Test 1. Al il L& o0

i HERB T RS BN ER, XS HERIRER T /upload B2

G | e— 2 AdiEs
[ upload oK » [=h i = %
& C (Y © F==2| 192.16812.29/upload * P 9 O

Upload CK. file length = 41 — 2, b EETh, BRI R

Go back 1o root — 3. iR B

29.3: upload file

29.5.6 INDEX HRERHF2

INDEX i #2787 UL T SCAF PR TN RE -

SRIGEBIFE 7T INDEX Test Al R &Sty INDEX Zhaedilit: il /upload [t %8, SBEFERIR H
T /upload H3, FHHAIHZHZFIA XHEARASCHERKE, WFEFR:
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< C O M v 1921680229 2

3. INDEX Test

INDEX EhAEMIRTI A ETER THANRE, SHINERDTFE index. htn, index htnl, index asp FHH, HANITETERTHLHFE.
- B8 ol 1 ;7 INDEX T 5 3 4 e

i

4. Upload File Test
T EEERTUET LT HHEEOHER. ZREEFRERTE /wlead BR.

WA | [ER ]
< C O M v 19216812187 /upiosd/  mmume—— 2.7 AR H T fupload H 3, FIti HRTFEA X{He

Index of /upload

e a
upload, £x% 41

Webler/2.0.0 (RT-Thread)

& 29.4: index

29.5.7 CGI EH4AIEHIFE

AT A CGI /-%1: hello world 513241 cale 532, FH T~ CGI FHA:AbFH (R A T fE .
* hello world 132

hello world FIFE{E /R~ T 7€ T HE R KA N INRE, 7EFI1FEE 7 CGI Test #5515 > hello world
Yk, SpEREUH Eos HEER, B ER 7 hello world ¥t 8] CGI SHAEANFR pTh, SR £6:8 v
Ml Go back to root fZEERIBIGIFEETUE, 1 FEFR:

[ webmet = + - = o
< C O O F=%]1921681229 v B9 2@
2. CGI Test

WebNet CGI TSR LA R TIEENSES, CGIRME:
E""__ 1. £ hello world

2calc

O helle x4 - [n] x
< C O O Fe=| 1921681229/cqi-binhello | *=—— 2. BRI ST a PO 6@

hello world

EM — ,'ﬁtEl”|f|Jl: WE

[# 29.5: hello_world

« calc 52
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29.6 15 VEEF I

calc BiIFE - H CGI ThAe(E Ul b Jfor 1 ) B Mk ik S8R Thae, AEGIFE 3 0T CGI Test BN &
> calc ##8E, SBRRERIRAOOUN, WP ST 5 R, TS BRI A R . AR B I

Ifi /it Go back to root #% 8 A LRI RIGIRE £ 0Tt , 41k B -

[ webhet x

« C O O 7= 1921661229

2. CGI Test
WebNet CGl BT LLEBPIITEENER, (G
> hello world

[>_calc PEN—— N F TR

O esle x e

- C t © F==£|192.168.12.29/cgi-bin/calc_ 2.5 M i1 3 A9 H 2
Ln + |22 |= 33

j1g §

TN 3 s, AR
[Go backto oot | —— 4. 2l [ 2 T

& 29.6: calc

29.6 EEEIN

o HIEATHIRE, FEMA wifi join ssid password Ki%#E WIFI.

- O X
* B9 a
= o] ]
* B9 (

o WERVIEL SO RG R, TEEH nkfs -t elm sd0 f74K1E TF K E@EL— MRS, R)5

HE RS

» TF £ B %4 webnet, webnet/admin #1 webnet/upload =N 3f:3¢, 75 MIMGIFLDT 1] 45 Hi 4

o M T A 2 ) WebNet 2 - ThAe, 7T LAE ] WEBNET H P Fiits

29.7 S|E&%

HiF: RS
H&5IR5): WLAN %%

o kY0 RT-Thread SRS Hv .0
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F30=
LVGL 532

30.1 LVGL f&4v

LVGL 4:#x Light and Versatile Graphics Library, & —4>H H 1, FF¥EK GUIL &, FHHifEsE, ¥
THREAN, TR, A R AR, A PERAAL c IEE TR . REAREDR

o AR EEMMN BN, 14 buttons, charts, lists, sliders, images 5= % AR : Shim, <48
i, B, PR

o YFFZ RN E 4, 1% touchpad, mouse, keyboard, encoder £

o XFFZES M UTE-8 4ifid

o YREZAMZ R E R, BINFED BRI ZA AR O 5 L

o SEAHERMEE TR

o BRSBTS

o 1] LA/ 5 f5e/ 77 (64 KB Flash, 16 kB RAM)

o XFHRIERS. SMBEAAN GPU (FE200)

o AAX AN I AL £l T LA S I AR R e A

o i C 95 LIRS RARANE G C++)

o FF PC ffl 5%

o JyhniE GUI wit, $RHLBE, ZEIM I/, SCRem R A &

o PRALT RSN LSk

o BT H AP MIT Hril

+ % #F MicroPython

30.2 #EHLAA

AEFEFEE A LCD BBt 78 LVGL B .

30.3 IRfFILAA

ABIFEHIVEISAL T /projects/06_demo_lvgls
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Ivgl A1 %R 7 packages/LVGL-v8.3.5 H i, %TH L% % lvgl & k4. Ivgl ifFs A 1
application/lvgl H % R,
B2 lvgl BoRIKEh R A T application/lvgl/lv_port_disp.c
A TS e il 3 R -
static void disp_flush(lv_disp_drv_t * disp_drv, const lv_area_t * area, lv_color_t
* color_p)

lcd_fill_array(area->x1, area->y1, area->x2, area->y2, color_p);

lv_disp_flush_ready(disp_drv);

&2 framebuffer, K/NKEE R RS —2F, 3 HTE com B,

/* Example for 1) */
static lv_disp_draw_buf_t draw_buf_dsc_1;

/*GCC*/
#if defined ( _GNUC__ )
static lv_color_t buf_1[MY_DISP_HOR_RES * MY_DISP_HOR_RES / 2] _ attribute__ ((
section(".LVGLccm"))); /*A buffer for 10 rows*/
/*MDK*/
#elif defined ( _CC_ARM )
__attribute__((at(0x10000000))) 1lv_color_t buf_1[LCD_H * LCD_W / 2];
#endif

lv_disp_draw_buf_init(&draw_buf_dsc_1, buf_1, NULL, MY_DISP_HOR_RES *
MY_DISP_HOR_RES / 2); /*Initialize the display buffer*/

HRE Mg, AT application/lvgl/lv_port_indev.c. HiFIF R A b4 4E, FT D55 8 4L

void lv_port_indev_init(void)

{

2 JE Mk —MiC B S0 libraries/Board_Drivers/lvgl/lv_confh. T E |55 H R Mgt

#ifndef LV_CONF_H
#define LV_CONF_H

#include <rtconfig.h>

#define LV_COLOR_DEPTH 16
#define LV_USE_PERF_MONITOR 1
#define MY_DISP_HOR_RES 240
#define MY_DISP_VER_RES 240
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f# 4 demo, 1T libraries/Board_Drivers/lvgl/demo/lv_demo.c. iX B /2 Ivgl P FEF A .

void lv_user_gui_init(void)

{
/* display demo; you may replace with your LVGL application at here */
extern lv_demo_benchmark();
1v_demo_benchmark();

¥

30.4 IE1T
30.4.1 Zmi¥ & T

* RT-Thread Studio: f£ RT-Thread Studio ()£ B &5 1 %k STM32F407-RT-SPARK TJstl, RJ5
BIEH TRE, $ATYRiE.

o MDK: %Xl mklinks.bat, £/ rt-thread 5 libraries S04 Je4%#%; 44/ Env /£ % MDK5 T.
f2: 5l project.uvprojx 77 MDK5 LA2, AT 1%.

ke RUE, IR ST-Link USB M5 PC HLIERE, SREHE M FEEH KR

30.4.2 BITHR

NS AR R I A, M Led BRRE L CAITIGI24T vgl 1) demo.
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hoT

SHES.

RT-Spark I

30.1: lvgl 5174

30.5 EEEM

7R

30.6 S|IF&%

o A4t RT-Thread SCARYH 0
o lvgl #%F4: https://github.com/1vgl/1vgl
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E3E
MicroPython 532

31.1 &7

MicroPython 72 Python 3 Zwf#i5 5 i — Flofs il 17 =y R S8 3, & &5 Python Fr#E BB — 4148,
HRERACHTE IR B A Z R I T, ERARERIER. R Maws. 5IERMT. &
LA AR S P, A RGRM TR . B ARSI BT R Pl s ) S A, AR
W TR E R B 770, TR ZF A T BRAK TR RMESE, 1 Hsb T EE R TAE, mLomnk
FERGHERE, R

RGIFEVER A G U rt-thread F{# /] MicroPython , il fiy 447 &~ MicroPython fCHS )4
N51817, RJEEH—A R4, R MicroPython £ 4.

31.2 AR

ABIFERAEH] MicroPython £l 2 K 15 L RGSRMENE, THACRIT AR _E BUAHOGHE fF u] LA & T AR

31.3 EX1FixAA

ABIFERIPEES AL T /projects/06_demo_micropython. main f2fFA4% 4z T applications/main.c H,
F 22N MicroPython H$2 W ERIZTHEE. W

#define FS_PARTITION_NAME "filesystem"

int main(void)

{
/* FTJF MicroPython 445 H 51 */
extern void mpy_main(const char *filename);
mpy_main(NULL);

b

TR AT EREK T python 5 HE 3]
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 RT-Thread Studio: 7t RT-Thread Studio 3% ¥ 45H F#k STM32F407-RT-SPARK BiJifl, )5
DI TR, AT

* MDK: #5EXE mklinks.bat, 4% rt-thread 5 libraries SCfFJe854%; Fif# A Env 42 MDK5 T
F#s &5 X project.uvprojx #77F MDKS TR, $AT441%.

ke Rn, TR ST-Link USB M5 PC HLIERE, SRJEHFELF N EEIF R

31.4.2 EITHR

78 PC s FH 8o T HATHHF R BRI vart0 11, #E 1152008 1 N . IE#igfr)G, Limimt(E R
I
\ |/
- RT - Thread Operating System
/ |\ 4.1.1 build Jun 12 2023 10:21:47

2006 - 2022 Copyright by RT-Thread team
1wIP-2.0.3 initialized!
[I/sal.skt] Socket Abstraction Layer initialize success.
msh >[E/[RW007]] The wifi Stage 1 status 0 0 0 1
[I/WLAN.dev] wlan init success
[I/WLAN.lwip] eth device init ok name:wO0
[I/WLAN.dev] wlan init success
[I/WLAN.lwip] eth device init ok name:w1

rw007 sn: [rw007c745bb22fc584aa6cecc]
rw007 ver: [RW007_2.1.0-a7a0d089-57]

The stack (main) size for executing MicroPython must be >= 4096

MicroPython v1.13-148-ged7ddd4 on 2020-11-03; Universal python platform with RT-
Thread
Type "help()" for more information.

>>>

>>> print("hello RT-Thread")
hello RT-Thread

it MicroPython #5442 A sk CL28 /530, AT LAt fir4-47 5 MicroPython #A72 B, N ik
Fi— M9 o S el MicroPython #2184 .
31.5 EZFEH

MicroPython F5 £ {8 5 E1E S % X0
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RT-Thread £k 1 5 H " Ft 31.6 5 FEEFEI
31.6 FEEN

¥

31.7 3|A&*%

o XRY0y: RT-Thread SCR4H .G
* MicroPython #f}f.: https://github.com/RT-Thread-packages/micropython
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£33
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N
& 32.1: LED /%5 A
RS485 +3V3
93
ot . |IcxD
RS485 RXD 100nF
TR XD 3| P VO ; e
47
GPIO Rs485 DE, 2| = i 5 * 1200 Z ;
DE 5 = ]
aND 3.96mm 2P
D7
SP3485EEN PESD2CAN
oy
GND  GND
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32.3: LED MFEFEAETF R IR L0907 &

32.3 EH{4ixkA

ABIFERIVEISAL T /projects/06_demo_rs485_led_matrixs

32.3.1 rs485 IREh{LHY

rs485 WXEACASLE libraries/Board _Drivers/rs485/drv_rs485.c Hi:

int rs485_

{

init(void)

/* find uart device */

rs485_

serial = rt_device_find(RS485_UART_DEVICE_NAME);

if (!rs485_serial)

{

rt_kprintf("find %s failed!\n", RS485_UART_DEVICE_NAME);
return -RT_ERROR;

rt_device_open(rs485_serial, RT_DEVICE_FLAG_INT_RX);

/* set receive data callback function */

RT-Thread
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rt_device_set_rx_indicate(rs485_serial, rs485_input);

/* set the send completion callback function */
rt_device_set_tx_complete(rs485_serial, rs485_output);

rt_pin_mode(BSP_RS485_RTS_PIN, PIN_MODE_OUTPUT);

RS485_IN;

rt_sem_init(&rs485_rx_sem, "rs485 rx_sem", 0, RT_IPC_FLAG_FIFO);

/* create rs485 receive thread */

// rt_thread_t thread = rt_thread_create("rs485", rs485_thread_entry, RT_NULL,
1024, 25, 10);

extern led_matrix_receieve_task(void *parameter);

rt_thread_t thread = rt_thread_create("rs485", led_matrix_receieve_task, RT_NULL
, 1024, 20, 10);

if (thread != RT_NULL)

{
rt_thread_startup(thread);
S
else
{
return -RT_ERROR;
}

return RT_EOK;

A E 6 E R R I% 154 52 i 485 1E1E .
led_matrix_receieve_task() N HIFRIAEE, IRIEHE 2 54 H3IENZRNE .

32.3.2 led matrix IXEHIEF

led matrix IXzhFE 47 T libraries/Board_Drivers/led_matrix/drv_matrix_led.c

/**

* @brief Set a pixel's color to PWM reload value.
*

* @param n Pixel index, starting from 0.
* @param c pixel_rgb_t value, RGB888 format.
&/
void led_matrix_set_color(uint16_t n, pixel_rgb_t c)

A DL ORI B R — AT BB . SR )5 1R A led_matrix_reflash() Bl Hr 4T BkEit .
32.3.3 4.3.3 F#1Iz1 LED Matrix
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static void led_matrix_flowing_water_entry()
{
while(1)
{
int base_time = 150;
/% oy R AR R = </
for(int time = 1; time<=3; time++)

{
for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]);i++)
{
led_matrix[i].io_ctl(&led_matrix[i],RED);
rt_thread_delay(base_time / time);
}
for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]);i++)
{
led_matrix[i].io_ctl(&led_matrix[i], GREEN);
rt_thread_delay(base_time / time);
}
for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]);i++)
{
led_matrix[i].io_ctl(&led_matrix[i],BLUE);
rt_thread_delay(base_time / time);
}
for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]);i++)
{
led_matrix[i].io_ctl(&led_matrix[i],WHITE);
rt_thread_delay(base_time / time);
¥
for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]);i++)
{
led_matrix[i].io_ctl(&led_matrix[i],DARK);
rt_thread_delay(base_time / time);
}
}

/* [E LR TR %/
int extern_led_index_start;
for(extern_led_index_start = 0; (extern_led_index_start < sizeof(led_matrix)
DAY
&& (led_matrix[extern_led_index_start].location == INTERNAL);
extern_led_index_start++);
if(extern_led_index_start < sizeof(led_matrix))
{
for(int time = 1; time<=3; time++)
{
for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]); i++)

{

if(i < extern_led_index_start)
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by

led_matrix[i].io_ctl(&led_matrix[i],RED);
}
if(sizeof(led_matrix)-1-i >= extern_led_index_start)
{
led_matrix[sizeof(led_matrix)/sizeof(led_matrix[0])-1-1i].
io_ctl(&led_matrix[sizeof(led_matrix)/sizeof(led_matrix
[01)-1-1],RED);
}
rt_thread_delay(base_time / time);

for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]); i++)

{

b

if(i < extern_led_index_start)
{
led_matrix[i].io_ctl(&led_matrix[i],GREEN);
}
if(sizeof(led_matrix)-1-i >= extern_led_index_start)
{
led_matrix[sizeof(led_matrix)/sizeof(led_matrix[0])-1-1i].
io_ctl(&led_matrix[sizeof(led_matrix)/sizeof(led_matrix
[0])-1-1],GREEN);
}
rt_thread_delay(base_time / time);

for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]); i++)

{

b

if(i < extern_led_index_start)
{
led_matrix[i].io_ctl(&led_matrix[i],BLUE);
}
if(sizeof(led_matrix)-1-i >= extern_led_index_start)
{
led_matrix[sizeof(led_matrix)/sizeof(led_matrix[0])-1-1i].
io_ctl(&led_matrix[sizeof(led_matrix)/sizeof(led_matrix
[0])-1-1],BLUE);
}
rt_thread_delay(base_time / time);

for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]); i++)

{

RT-Thread

if(i < extern_led_index_start)
{
led_matrix[i].io_ctl(&led_matrix[i],WHITE);
}
if(sizeof(led_matrix)-1-i >= extern_led_index_start)
{
led_matrix[sizeof(led_matrix)/sizeof(led_matrix[0])-1-1i].
io_ctl(&led_matrix[sizeof(led_matrix)/sizeof(led_matrix
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[0])-1-1],WHITE);

}
rt_thread_delay(base_time / time);
2
for(int i=0; i<sizeof(led_matrix)/sizeof(led_matrix[0]); i++)
{
if(i < extern_led_index_start)
{
led_matrix[i].io_ctl(&led_matrix[i],DARK);
}
if(sizeof(led_matrix)-1-i >= extern_led_index_start)
{
led_matrix[sizeof(led_matrix)/sizeof(led_matrix[0])-1-1i].
io_ctl(&led_matrix[sizeof(led_matrix)/sizeof(led_matrix
[0])-1-1],DARK);
}
rt_thread_delay(base_time / time);
b

LA EJ9fE3 4z 0] LED ORER, XEHEUH —F, AR 7 REERE 0L, K AME LED A A
PR LED JREfih G Al — R AR 0%, AR LE BT 8

static void intern_led_control(rt_led_node_t *node, pixel_rgb_t color)
{

led_matrix_set_color(node->pin, color);

led_matrix_reflash();

node->status = color;

static void extern_led_control(rt_led_node_t *node, pixel_rgb_t color)
{
rs485_send_buf[0] OxA5;
rs485_send_buf[1] = (node->pin)&0xff;
*(pixel_rgb_t*)(&(rs485_send_buf[2])) = color;

rs485_send_buf[5] = 0;
rs485_send_buf[6] = 0;
rs485_send_buf[7] = O0xA6;

rs485 _send_data((char *)rs485 send_buf, 8);

node->status = color;

UG, SSEAMS led FEFE(EH] 485 AA AL, misciEl led JEFEAEA led XEhHEE M
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32.3.4 4.3.3 A\#13EzH LED Matrix

static rt_led_node_t led_matrix[] = {
{EXTERN_LED_O, {0, O,

{EXTERN_LED_1,
{EXTERN_LED_2,
{EXTERN_LED_3,
{EXTERN_LED_4,
{EXTERN_LED_5,
{EXTERN_LED_6,
{EXTERN_LED_7,
{EXTERN_LED_S8,

{0,
{0,
{0,
{0,
{0,
{0,
{0,
{0,

{EXTERN_LED_9, {0,

{EXTERN_LED_10,
{EXTERN_LED_11,
{EXTERN_LED_12,
{EXTERN_LED_13,
{EXTERN_LED_14,
{EXTERN_LED_15,
{EXTERN_LED_16,
{EXTERN_LED_17,
{EXTERN_LED_18,

}

/* %
static
static
static
static

static

static

{

Gr X */

rt_uint8_t
rt_uint8_t
rt_uint8_t
rt_uint8_t

{0,
{0,
{0,
{0,
{0,
{0,
{0,
{0,
{0,

0:

O O O O O O o o

O O O O O O o o o -~

~

0},
0},
0},
0},
0},
0},
0},
0},
0},
03},

0},
0},
0},
0},
0},
0},
0},
0},
0},

INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,
INTERNAL,

rs485 receive_buf1[8];
rs485_receive_buf2[8];
*buff = rs485_receive_buf2;

*last_buff = rs485 receive_buf1;

RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},\
RT_NULL},

rt_sem_t rs_485_receive_ready = RT_NULL;

void intern_led_control(rt_led_node_t *node, pixel_rgb_t color)

led_matrix_set_color(node->pin, color);
led_matrix_reflash();
node->status

void led_matrix_receieve_task(void *parameter)

color;

B YR H A buff */

read from a rs485_serial port, and if it is not read,

it waits for the received semaphore */

w2/
{

/* buff 458 %,

static uint8_t index;

char ch = 0;

while (1)

{

/* A byte of data is

RT-Thread
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while (rt_device_read(rs485_serial, -1, &ch, 1) = 1)

{
rt_sem_take(&rs485_rx_sem, RT_WAITING_FOREVER);
}
if(ch == 0xA6)
{
buff[index] = ch;
index = 0;
if(buff == rs485_receive_buf1)
{

buff = rs485_receive_buf2; /* switch buffer pointers */
last_buff = rs485_receive_buf1;
Yelse if(buff == rs485_receive_buf2)
{
buff = rs485_receive_buf1; /* switch buffer pointers */
last_buff = rs485 receive_buf2;
}
rt_kprintf("\n receive:");
if(buff == rs485 receive buf1)
{
rt_kprintf("rs485_receive_buf1:");
Yelse if(buff == rs485_receive_buf2)

{
rt_kprintf("rs485_receive_buf2:");
¥
for(int i =0;1<8;i++)
{
rt_kprintf("%d:%x",i,buff[i]);
}

rt_ uint8_t led _no = buff[1];
rt_kprintf("\nindex:%d",led_no);
rt_sem_release(rs_485_receive_ready);

}else

{
buff[index++] = ch;

void led_matrix_slave_task_entry()
{
while(1)
{
rt_sem_take(rs_485_receive_ready, RT_WAITING_FOREVER);
rt_uint8_t led_no = last_buff[1];
if(led_no<0 || led_no>= sizeof(led_matrix)/sizeof(led_matrix[0]))
{

continue;
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¥
= *(pixel_rgb_t *)(&(last_buff[2]));

pixel_rgb_t color
led_matrix[led_no].io_ctl(&led_matrix[led_no],color);

}
}

Bz e —WiEdE 2 5 S BUE TRl A SRR led R .
32.4 EIT

32.4.1 ZmiF & T&
* RT-Thread Studio: 7£ RT-Thread Studio A% # 2$+ T~ % STM32F407-RT-SPARK BRI, AR5

B TR, PATIFE.
o MDK: #stXH mklinks.bat, “Ei% rt-thread 5 libraries SCfF a4k, Ff# 4 Env 42 pk MDK5 T
F#: #¢Ja M project.uvprojx 77 MDK5 T82, #AT441%.

ke RUE, FIF R ST-Link USB 15 PC HLIERE, SRR LF FEEIF R

32.4.2 EBITHER
A B BB AN TE R, — ANEAT ENEF — B AT ML 2 BB AR T 1 (6 LED %4548

TS v e FIB N KR . AL A R T B2 )5 3l
led_matrix_flowing_water_example

MHUAE I 1 (i 4 J5 30

led_matrix_slave_example
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32.6 S5|R&E

o R4 : RT-Thread A% 0y
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nes {25 IG

33.1 &Y

ABIRETEENH TR K 1 STFRR R nes Bl KI771% .

33.2 fEfiRRA

ABIFEEAE] T LCD 2ok nes Bitlds. A 7 #8100 nes Bl S HM A B . M sd RoRAAH T
Ko

33.3 {4iREA

ABIFERIPEESAL T /projects/06_demo_nes_simulator. nes fIFAEACHS L 4E application/nes <
I

H i application/nes/port/nes_port.c ARSI 1) A %

int nes_draw(size_t x1, size_t y1, size_t x2, size_t y2, nes_color_t* color_data){

extern void lcd_fill_array(rt_uint16_t x_start, rt_uintl6_t y_start, rt_uintl6_t
x_end, rt_uint16_t y_end, void *pcolor);

lcd_fill_array(x1, y1, x2, y2, color_data);

return 0;

M RBELE T RR RN

static void update_joypad()
{
rt_uint32_t key_data = 0;
static_nes.nes_cpu.joypad.joypad = 0
if(rt_event_recv(key_event,TP_UP | TP_DOWN | TP_LEFT | TP_RIGHT | TP_SELECT \
| TP_START | TP_A | TP_B,RT_EVENT_FLAG_OR | RT_EVENT_FLAG_CLEAR,RT_WAITING_NO,\
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&key_data) == RT_EOK)

{
if(key_data&TP_UP) static_nes.nes_cpu.joypad.U1l = 1;
else static_nes.nes_cpu.joypad.U1 = 0;
if(key_data&TP_DOWN) static_nes.nes_cpu.joypad.D1 = 1;
else static_nes.nes_cpu.joypad.D1 = 0;
if(key_data&TP_LEFT) static_nes.nes_cpu.joypad.L1 = 1;
else static_nes.nes_cpu.joypad.L1 = 0;
if(key_data&TP_RIGHT) static_nes.nes_cpu.joypad.R1 = 1;
else static_nes.nes_cpu.joypad.R1 = 0;
if(key_data&TP_SELECT) static_nes.nes_cpu.joypad.SE1 = 1;
else static_nes.nes_cpu.joypad.SE1 = 0;
if(key_data&TP_START) static_nes.nes_cpu.joypad.ST1 = 1;
else static_nes.nes_cpu.joypad.ST1 = 0;
if(key_data&TP_A) static_nes.nes_cpu.joypad.Al = 1;
else static_nes.nes_cpu.joypad.A1l = 0;
if(key_data&TP_B) static_nes.nes_cpu.joypad.B1 = 1;
else static_nes.nes_cpu.joypad.B1 = 0;
}
}
e THI R B T RN B 2R IR T R bR A
application/nes/port/rt_key_scan.c & i 3k i £
/* BL B KEY A5l */
#define PIN_KEYO GET_PIN(C, 0) // PCO: KEYO --> KEY
#define PIN_KEY1 GET_PIN(C, 1) // PC1 : KEY1 --> KEY
#define PIN_KEY2 GET_PIN(C, 4) // PC4 . KEY2 --> KEY
#define PIN_WK_UP GET_PIN(C, 5) // PC5: WK_UP --> KEY

rt_event_t key_event;

static void key_scan()

{

uint32_t key_data;

while(1)

{
rt_thread_mdelay(15); //10ms tick wait for input change.
key_data = 0;
if (rt_pin_read(PIN_KEY0) == PIN_LOW)
{

rt_kprintf("KEYO pressed!\n");

key_data |= TP_LEFT;

¥
if (rt_pin_read(PIN_KEY1) == PIN_LOW)

{
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rt_kprintf("KEY1 pressed!\n");

key_data |= TP_START;

}
if (rt_pin_read(PIN_KEY2) == PIN_LOW)

{
rt_kprintf("KEY2 pressed!\n");

key_data |= TP_RIGHT;

}
if (rt_pin_read(PIN_WK_UP) == PIN_LOW)
{

rt_kprintf("WK_UP pressed!\n");

key_data |= TP_A;
}
if(key_data)
{

rt_event_send(key_event, key_data);

¥
void key_scan_init()

{

rt_pin_mode(PIN_KEYO, PIN_MODE_INPUT_PULLUP);
rt_pin_mode(PIN_KEY1, PIN_MODE_INPUT_PULLUP);
rt_pin_mode(PIN_KEY2, PIN_MODE_INPUT_PULLUP);
rt_pin_mode(PIN_WK_UP, PIN_MODE_INPUT_PULLUP);

33.3 % B

key_event = rt_event_create("key", RT_IPC_FLAG_FIFO);

rt_thread_t thread = rt_thread_create("key scan",key_scan,RT_NULL,1024,20,1);
if(thread == RT_NULL) rt_kprintf("key scan thread create failed!\n");

rt_thread_startup(thread);

SCHIaAL 7 — MR, — BRI e i Pt SO R At

#define PIN_LED_R GET_PIN(F, 12)
#include "nes.h"
static void nes_thread_entry(void *parameter)

{

nes_t* nes = (nes_t*)parameter;

RT-Thread RT-Thread £:X 1 SHFPF
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nes_run(nes);
nes_unload_file(nes);

}

static int nes_start(int argc, char *argv[]){

if (argc == 2)

{
const char *nes_file_path = argv[1];
size_t nes_file_path_len = strlen(nes_file_path);
if (memcmp(nes_file_path+nes_file_path_len-4,".nes",4)==0 || memcmp(
nes_file_path+nes_file_path_len-4,".NES",4)==0)
{
nes_printf("nes_file_path:%s\n",nes_file_path);
nes_t* nes = nes_load_file(nes_file_path);
if (!nes)
{
return -1;
}
rt_thread_t thread = rt_thread_create("nes", nes_thread_entry, nes,
2048, 20, 10);
if(thread == RT_NULL)
{
rt_kprintf("Can't create nes thread!\n");
return -1;
}
rt_thread_startup(thread);
return 0;
}else
{
nes_printf("Please enter xxx.nes\n");
return -1;
}
}lelse
{
nes_printf("Please enter the nes file path\n");
return -1;
2

int main()

{
rt_pin_mode(PIN_LED_R,PIN_MODE_OUTPUT);
while (1)
{

rt_pin_write(PIN_LED_R, PIN_LOW);
rt_thread_mdelay(500);

rt_pin_write(PIN_LED_R, PIN_HIGH);
rt_thread_mdelay(500);
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return 0;

}
MSH_CMD_EXPORT(nes_start,nes_start);

TR EGERIN EE D RN BRI RN AL R EL, IF HA R B A msh ar 4T SRS led $2
RAGIBITIRE .

33.4 EiT

33.4.1 Zmi¥ & T%F

* RT-Thread Studio: 7£ RT-Thread Studio & # &3+ N % STM32F407-RT-SPARK BRIRE, AR5

B TR, HATYREF.
o MDK: %5t mklinks.bat, 2Ei% rt-thread 5 libraries SCfF3Je4%4:; 8 H Env 225 MDK5 T

f2; #aXl project.uvprojx 77 MDK5 T.#2, #4474 1%-

GiESE UG, HIFRIRE ST-Link USB 15 PC HLIER:, SREHE M FEEI K.

2

33.4.2 BITHR

H ek game SCHFR N IHILL Lnes JyJa SRS DL A7 o 3% N B AL EE 5 T AR, £ msh H
N Bhar AT DO B R QR 5. 4% T4, BNER AR R st .

\ |/
- RT - Thread Operating System

/N 4.1.1 build Jul 19 2023 10:08:16

2006 - 2022 Copyright by RT-Thread team

[I/sal.skt] Socket Abstraction Layer initialize success.
[I/SDIO] SD card capacity 1967104 KB.

[I/drv.lcd] LCD ID:81b3

[D/drv.1lcd] backlight 80 percent

msh />[I/app.filesystem] SD card mount to '/sdcard'

msh />nes_start sdcard/SuperMary.nes
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o ALy RT-Thread RS0y
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lvgl #H XS 7E packages/LVGL-v8.3.5 Hx, KT HZiEZ% lvgl & . lvgl MM 7E
application/lvgl H3% N
34.3 1T
34.3.1 wHiF & T&F

* RT-Thread Studio: 7& RT-Thread Studio #)f%& # #$ = %% STM32F407-RT-SPARK ¥R H,, BI&

BLAE, HATHPE.
o« MDK: %3t mklinks.bat, 2R rt-thread 5 libraries 34 3e4%4%,; FA8H Env 4 i MDK5 1.

F#; fJa Xk project.uvprojx 77F MDK5 L2, #$hAT41%.

PR G, R ST-Link USB 15 PC HLiES:, WEEM FHEHF KR .

34.3.2 EITHR
PN E AR E S IR, e led BREE B4 TTHAIZ4T vgl 1 demo.
FHIET, RREAS BRI TR, WO LEFT BT E 2R

TERE B ZhIR AR 2 A, HoAh S R B UP F DOWN F24EHATHI, RIGHT 38 AT F—35, LEFT #%
BEPATIRE] E—2.

A demo HF NN ER:
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o HR# LED i FEF 35
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o A% RT-Thread A%y
o lvgl #fFH: https://github.com/1lvgl/1vgl
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