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Abstract

Zephyr, an open-source initiative managed by the Linux Foundation, is a small, scalable, multi architec-
ture Real-time Operating System (RTOS) optimized for resource-constrained embedded systems. In
recent years, the adoption rate of Zephyr RTOS has increased significantly. The range of supported

XES|IF: TR, /K. 2T Zephyr RTOS HIR AN BT A L] AN AR 5B EE RS, 2025, 2(2): 59-77.
DOI: 10.12677/etis.2025.22006


https://www.hanspub.org/journal/etis
https://doi.org/10.12677/etis.2025.22006
https://doi.org/10.12677/etis.2025.22006
https://www.hanspub.org/

TR, AR

boards and sensors continues to rise. Developers are increasingly interested in Zephyr because of
its board device support and scalability. Compared to a minimum RTOS like FreeRTOS, Zephyr, whose
education infrastructure has not yet matured, has a larger scale and a more complex architecture.
This means Zephyr’s learning curve for a developer is steep. This paper systematically describes
the architecture and implementation of Zephyr’'s hardware abstraction and device driver, espe-
cially its device driver model and its usage of the device tree. It also demonstrates embedded soft-
ware development with Zephyr by building, analyzing, and verifying a custom driver and an exam-
ple application based on the BBC micro:bit V2 open-source hardware.

Keywords

Embedded System, Software Development, Real-Time Operating System, Zephyr Project

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

Zephyr j& i Linux J& 425 H ) TR SL i #0E RS0(RTOS) [1], Hur S AHA THFE 5 4 FH Virtu-
0s0 #AE RS, JEHXIAE (Wind Riven)IitI, 5 44 Rocket RTOS. 2016 fE'E N T Linux 34215 H ,
W 4N Zephyr.

Zephyr 32 T 2 50 SR 030 RE, GAFERE . Bk B, BhpE. JLRCE S48 (Nordic) . e
IRFEMNALERSE, HOAWN AR T RZ AT, B THRET. R, BT, Tolk, REESHR[2].
Zephyr [¥] Apache 2.0 FIEMSCRAGLEE LIRS FH AR F g o5 S8 R A n] S gk A FH 3]

IAEK Zephyr IIHREEIZHT B, FEIRA IR R A BEZ P8 N, Eclipse K24 2211 (2024 4
I AR N ZTT R W AR ) R, 7ESIRAZ IR & & LA Zephyr T & M 2022 4R 8% K 3 T
2024 fE[1) 21%, X OB E R LB Y, AR EHR 2 AL FreeRTOS (29%) [4]-

FHEL FreeRTOS %5/NE RTOS 1M &, #HEB A AR Zephyr RGBT K, SHEE R, X4
TR NIRRT . AR SR Zephyr B4R G2 A1 2 IR BN A 5 SEILEEAT RGi ko i, &
R T R & IR RN A W IPE R o N T Rk T Zephyr (RN A K, AX3CHE BBC micro:bit
V2 FREREAE A RG] Zephyr 15 SREN AN HFR T, FF AR REAIIGE .

2. Zephyr RS & Fifc 28tk

Zephyr A #5 5¢ 3% (W & YR S 3, M LR E . fE8 Linux 242405 H , & H 2] 7R Linux P
B T B, R 2 ¥ &4 (Device Tree) Ml Keonfig it B8 5 . A&kt 51 & B EAR S i -4h 54k
FIHC B AT HER -

2.1 BERFHER

Zephyr F& & SRS 1 TTHIAR L R G H BT A IRSIFE T, MRS HIATA B & IRt 74— 1

Bic B 7572 [5]. Al 1 BRI WA SRS Y (R B

Zephyr F1E—Fh ¥ RAIRSN(UART. 12C 55)# A iz A (Generic Type, JEBR&HrE)MHEH, B
PRI SR ) S 2 B A SR S IR AN 45 1 R AL 4R 6T . 7EIE] L AT RLE R, TET R4S 2 A PR & IR E)

][l
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s, (HRPFIRENE IR FH APL 1 2 3 FIseBl. NPT I7ER A & & L EEE R
i API, HARIRSH W SEIRIG SR . WP RS 1 hFR, [F—FIRshn] LIE R G Hh 2 Rsepli, Lt
W%~ UART £,

WA RN AR EEA IR I 2 A B A AR LR R e B &, RO 1 #9) struct config. 7E52FRAR
X AR 2 Keonfig ACE NS4, L B r s MR . IxEN AR IE n] DUAREANIRE) 18 E — A
S5 K6 T A A O 0 B4

REEDAP | e | REEEA

R EIRE) 1 L1

struct device {
const struct config *config;

const void *api;
void * const data;

I

struct config {...}:

AP I 231

AP 3£3)2

AP1SEI3

struct device {
const struct config *config;
const void *api;
void * const data;

bi

struct config {...};

HRER
1

R EIREN 25 fil1

struct device {
const struct config *config; AP | S
const void *api; o

void * const data; :
. ' AP 52312
H
struct config {...}; i
i APIS23)3

AP | S
struct device | AP | S2]2
const struct config *config;

const void *api;
void * const data; AP | SCH3

I

struct config {...};

Figure 1. An overview of the device driver model (source: zephyrproject.org)
1. I ZIREERINE Y5 (SRR zephyrproject.org)
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—NIRFN )z FHHE 1 E o AR SR BN 1 Sk S A 2 HE T subsystem T RSz O
subsystem_do_this F1 subsystem_do_that EA%%. £ 3 H1(1) my_driver ZXz52HL T H CL¥ do_this Fil do_that b
B, K EATIRE N T IS APl Z5Ky(do_this A1 do_that & 1) . 34 28 FRR A AR AT B 2% B 2 4
subsystem_do_this/that BR%, X EREi<siEil DEVICE_API_GET 7%k N IERAIKZh#2 L1523, Bl
my_driver_do_this/that B %, 7ESCPRIIIRZNH, subsystem 24 B AR AR B A AFR, HlanfEdEH
f) 2 7 3R 5h 4% K (include/zephyr/drivers/display.h) 4, subsystem #¢ &4 4 T display.

typedef int (*subsystem_do_this_t)(const struct device *dev, int foo, int bar)
typedef void (*subsystem_do_that_t)(const struct device *dev, void *baz);

__subsystem struct subsystem_driver_api {
subsystem_do_this_t do_this;
subsystem_do_that_t do_that;

15

static inline int subsystem_do_this(const struct device *dev, int foo, int bar)

{
return DEVICE_API_GET(subsystem, dev)->do_this(dev, foo, bar);
}
static inline void subsystem_do_that(const struct device *dev, void *baz)
{
DEVICE_API_GET(subsystem, dev)->do_that(dev, baz);
}

Figure 2. A sample driver interface definition (source: zephyrproject.org)
2. BEGIIRENIEOE X (RIR: zephyrproject.org)

static int my_driver_do_this(const struct device *dev, int foo, int bar)
{
}

static void my_driver_do_that(const struct device *dev, void *baz)

{
¥

static DEVICE_API(subsystem, my_driver_api_funcs) = {
.do_this = my_driver_do_this,
.do_that = my_driver_do_that,

15

Figure 3. A sample driver implementation (source: zephyrproject.org)
3. #EGIBREhSCIN(RIR : zephyrproject.org)

TEHEAT BAK T R GRS ) SEBIALES,  BRBIACHDIE 2 52 () aa AR RS AT da 4k AP 2 22 o
2.2. g&H

W45 #4 (Device Tree) & H T RER BRI ZHACBIRSER . A WTE 618 T B S . FH &
SEF . B E (binding) FI L& HHE 5
2.2.1. BEREER

Zephyr A1 Linux [FIFEfS B &, Zephyr 2 17 /D I8 A7 BF (R A5cHs AARRS, 235 FH 50 2 W (1 B0 di = A
CIET KICMH[7]. Zephyr HiE L7 —85%:, FT U5 inl B0 A& M1 SR EUAS 148 W1 s ) s e

Zephyr "5 & WA P I AR
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o TEWA RSB p IR A o

o IRMUEREMFMIILATICE

WM Keonfig 7E Zephyr HH&RE2E] T ACEE S MIEH, B& W H TR RS S i AcE,
Kconfig 1| 3= % T Bc & 4 44 -

WA IS BRSO A B AR e (8] JESCAFREIAR TR WA Sy, 46 WA T4l
RV N ES, Rl B R AR 2540 . Zephyr LEAL IS F X PR RS 4E % C Sk, devicetree.h
SLSCARALIE FH (9 22 U5 il s (L “DT_" 413K).

2.2.2. WEWRIEE
4 7R — B NIRRT A [9]

/dts-vl/;
/A
a-node {
subnode_nodelabel: a-sub-node {
foo = <3>;
¥
}s
}s

Figure 4. A minimum device tree file (source: zephyrproject.org)
4. G EWERIEGICRIR: zephyrproject.org)

EIrp 17 ARFEARTT A, a-node SEARYT AT HIFF5 55, a-sub-node /& a-node [ F75 54, a-sub-node A
— label (#7:4%) subnode_nodelabel. #R%F 2Pk, FEB&M R MRS HBEHIL—, AR W] D
FRES LI I A BN SR E R4S, A Linux SCHEERARAEL, 9140 a-sub-node (41645 9
/a-node/a-sub-node.

5 JT7s i3 — BRI S PRt 1 R 046 A B8«

/dts-v1/;

/{
soc {
12c@40003000 {
compatible = "nordic,nrf-twim";
reg = <0x40003000 0x1000>;

apds9960@39 {
compatible = "avago,apds9960";
reg = <0x39>;
s
ti_hdc@43 {
compatible = "ti,hdc", "ti,hdc1010";
reg = <0x43>;
b5
mma8652fc@ld {
compatible = "nxp,fxo0s8700", "nxp,mma8652fc";
reg = <oxld>;

13

Figure 5. A complete device tree example (source: zephyrproject.org)
5. — NSRRI ERIFEBI(RIE: zephyrproject.org)
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TEE 5 FRf DUE BN S4B 2 iR BRI E R A @k, X R A A Bh T X 4y
AN AL, IR RS B PR Y AR 1) I B AR R . PR BT AR A B & SR AN
o TEWNTETMREFIANE: i AR AF A A S b, 40 i2c@40003000 7 12C WA K %577 28
JE 4 k9 0x40003000.
o 12C Hh: fHEFAMEALE 12C B Lk bk, %0 apds9960 [ 12C Hihik g 0x39.
o SPI4ME: MEFHAMEM T IELTS, W EANWEM 0.
o NTE: EFWFENLEREIEHNE, B0 memory@2000000 7 A 0x2000000 #7)FR bk T 45 i
RAM.
o TEWNAFHBUIIINA: A RAM RUE Y B4, 40 flash@8000000.
o [HEMNASX: S XM RER, FlUfE flash@8000000 ¥+ H Al LLFH — partitions 71 5
REFIXFE, Hi A partition@0 F partition@20000 AN &, 705l B bk 2 46 ki 0x8000000
1 0x8020000 FIFHAN 431X
WM A E A — AN B —AME, EIEET DU Ao BRI AR ME . 8 AT
U, RO TR A ZRAEA | FR 1717 AU phandle (4L C i F HIFEER) 22U phandle B2 phandle
K
WA s LN B BT
e compatible: TRV SRR, AR AMAES . AL BEAERRE R o=
B, WEhE B A A M E AR T USRS A E T DU R R, BB Ik
BNFE T B Bl iz AT HES, 1N UC G B SRS AR 7 22 Bl k.
o reg: HTHATHE, HAgAy 16 gEhlf<ihl, KE>.
o status: FFRRTT AL E . Zephyr 3FF “okay” Fl “disabled” , 4> H3K7m )8 FHFIZER . 5
RIE L, Zephyr FIBKBILTY A 22 N 275 1 b
bR T hRAE, WA PIE SR IE E] LLsE S chosen (&) alias (3] 44) K 5 Bl B A QRS BB 2 - 4K 5
(7T s, i 6 o

/dts-vl/;
/A
chosen {
zephyr,console = &uarte;
¥
aliases {
my-uart = &uarte;
¥
soc {
uart@: serial@12340000 {
¥
¥
s

Figure 6. Use chosen and aliases nodes in a device tree file (source: zephyrproject.org)
6. TEIEERh{E chosen F0 aliases 15 5. (3&i& : zephyrproject.org)
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Kl /alias Fl/chosen 5 s #ANTE 1] S B FRAREAF 150 4, e AT 14 FH SR A e T4 W Hp B AR £ miy-uart
F&lsoc/serial @12340000 #5543 1) 5] 4 (uart0 #572544), uart0 bk sk A “zephyr, console” . RN 5] 42 1]
PAFS Bl R A AR T R AR, 1 A kT 451 (samples/basic/blinky/src/main.c) 145 F led0 HiIRR T ik 557
FEZ BT R H ), R BRI B SO A I FR Dy led0 19715 10, FEGIRI AT I24T .

Zephyr AN SCRFIT AMRERA B SR ERAR SO, microzbit V2 HSCIRAL T # 4% boards/bbe/mi-
crobit_v2/bbc_microbit_v2.dts, HAH[LAFE | GPIO %41, LED S nHiff. 12C 1 12C L2k e K
AREEAEAE . B AT DR [ 1B R AR R & 678 o SR, BRATON <M FH B H #% 4% >/boards/< T
R 4>.overlay” o 78 5 SCHEH AT DU DIGET BRGE 3360) 44 15 A, T ARS8 1) B4 40 i SO (L R 1) 3
JIIREP=

223 WEWPE

B E S LR B, 7 B B IR A RENE IR A e B EIR A R [10]. WA MEEE A
ERBE WY SRS AN A B K . Zephyr ] YAML SCAHFAE6f B & 40 5E

K7 st — AR SRE SCAF[1]:

description: Custom properties

# The following compatible key does not use the value "custom,props-basics”
# since the vendor "custom" doesn't exist in the vendor-prefixes.txt.
# The generation doesn't fail but it leads to the following message:
# compatible 'custom-props-basics’' has unknown vendor prefix ‘dummy’

compatible: "custom-props-basics"”

properties:
existent-boolean:
type: boolean
int:
type: int
required: true
array:
type: array
uint8-array:
type: uint8-array
string:
type: string
string-array:
type: string-array
enum-int:
type: int
enum:
- 100
- 200
- 300
enum-string:
type: string
enum:
- "whatever"

- "works"

Figure 7. A sample device tree binding file (source: Martin Lampacher’s code on GitHub)

7. — MBI EHIGRE ST (IR : Martin Lampacher 7£ GitHub _EA9%H3)
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M 7 R LA $ 3 A E B R [12]:

o description (ffiik): FHIRGEE SCAIE FC IR K 175 B

o compatible (FE7544): RV HIIHEAR 44X RL, —ANGR5E SO IS 4 A SR — AN B A A1 25
=B, MNZ B A SN T & 9052 SCAF IR N 2

o properties (JEME): IR T RFAYEE T KR M S5 0.

Bl 8 BTN IR B A BT SR A B 7 R i X

label_with_props: node_with_props {
compatible = "custom-props-basics";
existent-boolean;
int = <1>;
array = <OxA second_value: 9xB 0xC>;
uint8-array = [ 12 34 ];
string = string_value: "foo bar baz";
string-array = "foo", "bar", "baz";
enum-int = <200>;
enum-string = "whatever";

s

5

Figure 8. A device tree node that is compatible with the binding (source: Martin Lampacher’s code on GitHub)
& 8. FAHEHERNZEMTS S (3RIE: Martin Lampacher #£ GitHub _E A/ D)

M 8 R LI £

o TRMIHAE A GEE I —E

o BANBEIEHALIEGEE T type KIS {E .

Zephyr "FERINELAE 48 AL T dis/bindings 7 H ok, &R REAT 703, LAHA 4 A2 AR HEAT
4o

BRAER Zephyr FHASHIETOREAE SCRE,  — BT A AR ANESIET O GRRE SO o 5 2 B RT LASE B ) 46
SE A (< BB L 42 >/dts/bindings/< e 25 44 >.yaml) , FF7E B 45 W 7 25 SO IS I & 90 € e 1T A

224, EREFRHEEERTRAMEGL
M CICH+ R AIACHS Ay LU 22 Fb 7 50 ) 04 19 5

/dts-vl/;
/A
aliases {
sensor-controller = &i2cl;
35
soc {
i2cl: 12c@40002000 {
compatible = "vnd,soc-i2c";
label = "I2C_1";
reg = <0x40002000 0x1000>;
status = "okay";
clock-frequency = < 100000 >;
Y
15
1

Figure 9. Methods to access a device tree node (source: zephyrproject.org)
9. ihEl%EWTI SR ACRIE: zephyrproject.org)
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TR, AT/NER

LA 9 i, 2 Fhi#nT A4S 2 i2c@40002000 15 s (15 H A A= F BT B o FRIZ):

e DT_PATH(soc, i2c_40002000): Akt LLESkRIF, HEITA “17 .

e DT _NODELABEL(i2c1): fifi Fr%4.

e  DT_ALIAS(sensor_controller): 174 .

e DT_INST(x, vnd_soc_i2c): 45 x M e 44 “vnd,soc-i2c” (1715 rio EAMSIHH EN HA—A

A, X BN 0. FEZ “vnd, soc-i2c” TR IIEAL T, x FI B R R R RO R A BEIRIIE -

%f - chosen 3 (4] 9 HhANELFE), {4 F DT_CHOSEN 4878 i s, st (8] 6 o (15 4 7T LA
“DT_CHOSEN(zephyr_console)”

HR: EREARH TR, HaelH T%E .

DT_NODE_HAS_PROP % AJ L Tkl 15 sie A R @ 1, lin
“DT_NODE_HAS_PROP(DT_NODELABEL(i2c1), clock_frequency)” BN 1o 7 [l ¥ s (1 J& 1k 4 FH
DT_PROP %, #ilt11“DT_PROP(DT_PATH(soc, i2c_40002000), clock_frequency) ”i{& >~ 100000. DT_PROP
FE AT DU T2 B IR B 5 S E X

Zephyr & L T ARZ HEAMAKINZ:, EB 7 R K L. BT R R iEHRHE 7 28 ooy,
2% Zephyr F= & W R MRUAR AT E o

2.3. Kconfig Bt ET A

Kconfig &7ERIERACE Zephyr WIZAT RAERIEE T, Kceonfig 12 Linux WEHILE R4 .
Zephyr H1 1) Keonfig Ao Bk U2 B S/ Je 1 |2 54 70 A, M Zephyr ARAS AR H 511 Kconfig.zephyr SC
4G . MR Keonfig SCHF LS (include) i A B4E T F R (a1 A% DB AARRS ) ) Keonfig SCA4,
T RGuE ] LLE— IR E R Z 1) Keonfig 45 H A& T .

TF RS F o] LA 5 75 25 5 I fOC & . BBC micro:bit V2 AR 1 BRIN & T 457 T 3244 boards/bbc/micro-
bit_v2/bbc_microbit_v2_defconfig #, GG RGN EF. & CREEH G%IE T AN HHE pri.conf NI
BT N B R BE T

5 Linux 280, 7 Zephyr # o] DUE IS iy 24T A 3T Keonfig eI B [13]. &1 R A AL g 5 7= A=
() build SCES2I21T A4 “west build --build-dir /build -t menuconfig” BIAT#EA #r 447 A (.1 10).

ARM Options --->
Genera 1 Arch t
[ ] MPU features ==
[ 1 Support code/data section relocation
DSP Options ----
Floating Point Options --->
s

i ns o>
Initialization Priorities
Virtual Memory Support ----
SoC and Board Hooks --->
Device Drivers --->

[ ] Require complete C library

[ ] Requires floating point support in printf
C Library --->
C++ Lang Support --->

[ 1 Cyclic redundancy check (CRC) Support
Additional libraries --->

Boot Options --->
Compatibility --->

[Space/Enter] Toggle/enter [ESC] Leave menu [S] save

[0] Load [2] Symbol info [/1 Jump to symbol

[F] Toggle show-help mode [C] Toggle show-name mode [A] Toggle show-all mode
[Q] Quit (prompts for save) [D] Save minimal config (advanced)

Figure 10. Kconfig menuconfig interface
10. Kconfig Bt E 4 $1TRE
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TR, AR

TE S AT LLOdE R 77 ) R ESCI A AT S, 7RIl i A R A T R . B UE TS D B
{RAE /N B B S0, ot 24wl AL g XK Keonfig 635 A0 Zephyr 5 ST & B BR DA 10 (1) [X 5]
11 A7 B9 52 microzbit V2 LED 5 R SR i H 4 SR (GF 3.1 715 28 X —FEH1) -

CONFIG SERIAL=Yy

CONFIG_GPIO=y

CONFIG CONSOLE=y

CONFIG NRFX GPIOTE NUM OF EVT HANDLERS=1
CONFIG_CLOCK_CONTROL_NRF_K32SRC_RC=y
CONFIG CLOCK_CONTROIL_NRF K32SRC 250PPM=y
CONFIG UART CONSOLE=y

CONFIG_DISPLAY=y
CONFIG MICROBIT DISPLAY=y

Figure 11. Kconfig minimum config output
11. Kconfig S/MNEC B #i

Sof LRI TR B I R ARERIA Keonfig 32 T5URT N FH 8 N (141356 33 (samples/boards/bbc/microbit/display/prj.conf) ,
A LLE F| 45 “CONFIG_NRFX_GPIOTE_NUM_OF_EVT_HANDLERS” &1 & ik P4 e s e
[, X FNAERR Y SR T HAL J2 H 352 T 13X —&Ti(modules/hal_nordic/nrfx/nrfx_kconfig.h). Bk 7 iX
FERVEIAME O, — M fr 4T S R rh 7T Ie I, FH f /N 50 sl vl DA B e B K i 44, 2
Je T LK A2 prj.conf SCAEH, AT 7E G 30 B LR IX — I T

Keonfig i&Tif% 1 H TIF 8 T R4 DRe < oh, WHTEERSL BN, DL~ — =4 E kg o
ERG. ARSI LAH “CONFIG_<Kconfig At B 44>" ZUASFECE A, #2H 1) CMakeLists.txt LA
LA “CONFIG_<Kconfig Fit & %> SHEL EAE -

3. ET Zephyr B AR AF %
Amrh, RAVGLESREGILE Zephyr FSzBi ARSI FIFFR, TEBNFRMAR L — 2 g Enig
3.1. FEREMNEITE—EF

B4, BRIE Zephyr Tl H N\ 1145 B (https://docs.zephyrproject.org/latest/develop/getting_started/index.html)
FERRIGICE . Zephyr A1 Zephyr SDK [ 223, SAAKUL, Zephyr 7E Linux H i 22 R MG & A0 B 9
7, HEFEAE Ubuntu Linux AT Zephyr FSEIRFNTF A . AR B 58 I 1 & FIIR 40 1545 LATE Ubuntu 24.04
f A A H] Zephyr 4.0.99 JT & huAJyitE, 1247 A BBC micro:bit V2 TR (AL 12).

Figure 12. micro:bit V2 board (source: microbit.org [14])
& 12. micro:bit V2 #R(3Ki&: microbit.org [14])
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TR, AT/NER

Zephyr [FIFEGI EE Q3G Ak 22 R ARCFIAR S AR BRI, ANad 4 B b 2 20 (N AT #E (Blinky, #%1% sam-
ples/basic/blinky) 3 A fig H 2 H 7L micro:bit V2 . BEALTRATTR A micro:bit V2 1] LED B B S 7~ R (4%
% samples/boards/bbc/microbit/display). ZE#:IT &Mk 2 Ubuntu R4 L, 1247 Kl 13 HH I & 147 4n 1R Fl ke

Ko AT “-p” IETUE RS BT A TR, 2 TREEAT A g A “-p auto” IR f0 T west T
HUOT O A AT B TR, IR IE ST R AR AR T LI ]
west build -b bbc microbit v2 samples/beoards/bbc/microbit/display -p

west flash

Figure 13. Commands to compile and flash the sample onto the micro:bit V2 board
B 13. §F%t micro:bit V2 R4RIFFMEERH G S

DGR R 3 Zephyr, RIS JE(WLIE 12, 4 BBC microzbit v2 ¥ TH 9 1IETH) 5 3 5
1) LED P54 Wor {81t 9 2 0, #RJ5 /& LED WIEATIES] “ATH” , RIaIFaFrEHR s iR “Hello
Zephyr! 7 7Rk

LB EIR T RN E Z R iE A, M E BR % (samples/boards/bbc/microbit/display/src/main.c) ] LA
F B REE L — A% microzbit # B ) R 8] 2 (drivers/display/mb_display.c) 72 FH ) @7 3R 5h (kST i
zephyr/drivers/display.h) T4 78, SCBL 7 RZEThRe, BluwIdaie. FTEN B FairBE, DLRH% IR 0/1 H
B 5555 LED %5,

3.2. INKTHEGIFNR & B (E)E

523, Zephyr [N EEBIZE microbit V2 EANEEZAT, AVIEIRAT T LTS S A F A o4
1852 5 V2% RERH DG 1) Il A
AT 14 Fos i A SR g B N AT AR«

cd ~/zephyrproject/zephyr
west build -b bbc microbit v2 samples/basic/blinky -p

Figure 14. Commands to compile the blinky sample

14, gFNATREGIE A<

IEAT H45 F 2 18] 15 s g e «

/hone/Lingyuan/zephyrproject/zephyr/include/zephyr/devicetree. h:236:32: "DT_N_ALIAS_ledo_P_gpios_IDX_0_VAL_p|

in' undeclared here (not in a function); did you mean 'DT_N_S_led_matrix_P_row_gpios_IDX_6_VAL_pin'?
236 | #define DT_ALTAS(alias) DT_CAT( , alias)

|
/home/llngyuan/zephyrproje:t/zephyr/tnzlude/zephyr/devlcetree h:5191:9: in definition of macro 'DT_CAT7'
1]

## 32 ## a3 ## a4 ## a5 ## a6 ## a7
|
/home /lingyuan/zephyrproject/zephyr/include/zephyr/devicetree/gpio.h:110:9: in expansion of macro 'DT_PHA_BY_|]
IDX "
110 | (node_id, gpio_pha, idx, pin)

/home /lingyuan/zephyrproject/zephyr/include/zephyr/drivers/gpio.h:335:24: in expansion of macro 'DT_GPIO_PIN_|
BY_IDX'
335 | .pin = (node_id, prop, idx), \

|
/home /lingyuan/zephyrproject/zephyr/include/zephyr/drivers/gpio.h:370:9: in expansion of macro 'GPIO_DT_SPEC_|
[GET_BY_IDX'
E (node_id, prop, 0)

|
/home /lingyuan/zephyrproject/zephyr/samples/basic/blinky/src/main.c:21:40: in expansion of macro 'GPIO_DT_SPE|
lc_GET'
21 | static const struct gpio_dt_spec led = (LED@_NODE, gpios);

|
/home/lingyuan/zephyrproject/zephyr/include/zephyr/devicetree. h:236:25: in expansion of macro 'DT_CAT'
236 \ #define DT_ALIAS(alias) (OT_N_ALIAS_, alias)

/hnme/hngyuan/lephyrpraje:t/zephyr/sanples/bas\c/bllnky/src/mam c:15:19: in expansion of macro 'DT_ALIAS'
15 \ #define LED®_NODE

/home/hngyuan/zephyrpraJect/zephyr/sanples/baslc/bllnky/src/maln.c.21.57. in expansion of macro 'LEDG_NODE'
21 | static const struct gpio_dt_spec led = GPIO_DT_SPEC_GET( , gplos);

|
[18/151] Building C object zephyr/CMakeFiles/zephyr.dir/lib/os/cbprintf_complete.c.obj
ninja: build stopped: subcommand failed.

Figure 15. Compile error of the blinky sample
[ 15. INKTHGIESRIESE IR
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TR, AR

% 2.2.4 i iRE|, Zephyr SR —BEVRMZ, AT GPIO AL ¥ DT_ALIAS ZARETE
JETT o Zephyr H 5 28 1 7 # % 1°) Ji IRl — FECETS 5 4 PR R FR 3R B RS SCPRTE O, T A B 4 A A% = N 28 1)
Be, BT R T A . U LR AR
o RIE TIEFE. A RTINS, BEERIN TR IR R (a0 A T B I A
N I RIZR) .

o EREMEERERZETHINE 15 1) GPIO_DT_SPEC_GET #FE 4R A —4> GPIO phandle 77 )1
T A AR PR A

o AT ARG E FRS SRBRAN B, SO R A A BUER IS0, BRI N F B BB
W TCVE BT . R IR B ) B A B TR R AN, 1592 0] RLTE 4 TR 10 2% I gt 2 3
GRS, NI 0 U AT e 5 EOAE R AR R VA AR PR R B

o [E THNRMZEHAECE ZMSHEER, RrHl & For-Each f5FR 7 FIRE R4 & 17 .

FTIF micro:bit V2 ¥ £ 314 (boards/bbc/microbit_v2/bbc_microbit_v2.dts), 7] LLFE 5] aliases 5 5 F
%A led0, GR/b led0 il 44 T 1 BRI [15]

micro:bit V2 ) LED FEFEH -+~ GPIO Hth4z], ANk — A4 51 B (pin) JEA R fi5E LED. 40
) FIE AR /R AT AT () USB $R/R AT IR A %82 GPIO I, FUL R EKETF RIRA S, FAIHARE
I B A A AT S U N AT R . AN3d, microzbit V2 AT LLAMEE LED, #4402 LED (¥ GPIO ¥
B A& gk v S S KT R

TR 4% W 78 15 301 samples/basic/blinky/boards/bbc_microbit_v2.overlay 1552 4 %55 1% [16], W14 16:

/A
leds {
compatible = "gpio-leds";
led0 label: led 0 {
gpios = <&gpio0 4 GPIO ACTIVE HIGH>;
bi
Yi

aliases {
led0 = &led0_label;
}i
}i

Figure 16. The device tree overlay file to fix the compilation error

16. EEHIFHRMAZEWBE XM

AT DA RIS IN T — AN 3454 gpio-leds 77 £ leds, #AJ5 A8 H GPIO {581 led_0 715 midfd
T4 led0. gpio-leds f¥)3X5f (drivers/led/led_gpio.c)# Mt T FF AR E FofE e 1, ASREAE AT FE o,
{45 (samples/basic/blinky/src/main.c) A f&ifiid GPIO_DT_SPEC_GET 7 MM EE T GPIO 5 #INIfE
B, SRJE B REAE ] gpio_pin_toggle_dt 1t GPIO % HIRZS .

Xof B 32 e 4 S 1Y) edge_connector (I £ 4248 ) 1 s AT A AR K 5|V [1717] LA 21, 141 16 1 gpio0
FEN BG4 XERL P2 51 BIF AR TR 2 B4 TF48), ST W A EH4ME LED, NIRRT RE %

BT
AL VA0 7 2 ST, R IR B IR GPIO B N i RIS IS, AT LA ledO 5l 4 (1T
R SCFFINIT A -

3.3. HHIAFIER
AT P 3T B 7 PRI [ 18] 5 g 451 182 F (https://github.com/lingyuan-he/zephyr-example) . B T 3=

DOI: 10.12677/etis.2025.22006 70 AN AR E5HEE RS


https://doi.org/10.12677/etis.2025.22006
https://github.com/lingyuan-he/zephyr-example

TR, AT/NER

FE AR IR 45 -
o MR HE E XACHDZE (accel): M 3-FliiE FE AL Bas BUAS IR FE B, % E AT LB Keonfig
Je I BAEF
o MR EE X LED F MRS (ledmatrix): AEH] Zephyr H2/R5R5), F3hiiEid GPIO A
SEHRANMTESI I LED, 1Z5K3h 2 v Ll Keonfig i FH/ZE FH AL & .
o WM UM HTHIB A € SRS ZER LED FEFEIREN )2, I FEon Al i w4 i o g
X ARRDPEFD R A G E T H AR, wT Bl Keonfig Fo & H E 400

3.3.1. 3-HHNiE B & R KUK RS A

ME B AR SCAE BRI LLE 2, micro:bitV2 ENE T ST (1) Ism303agr 3-Ailinid AL &2 (L 17). 7E
FEAI S A, custom-module/lib/accel/accel.c Y 4RAS 1 custom-module/include/app/lib/accel.h Sk 3044548
e SRR R 2% N DA TR 38 1B £ HUAS 3= s B2 A (¥ Th R A b 3] 7 — AN 1Y) 8 S accel Hi e

1sm3@3agr_accel: 1lsm3@3agr-accel@l9 {
compatible = "st,lis2dh", "st,lsm3@3agr-accel”;
status = "okay";
reg = <0x19>;
irq-gpios = <&gpio@ 25 GPIO_ACTIVE_HIGH>;
¥

Figure 17. micro:bit V2 device tree file snippet (source: Zephyr on GitHub)
& 17. micro:bit V2 & &R ST HEL(RIE: Zephyr GitHub XS EE)

accel ﬁﬁ‘ﬁ%#ﬂ FHAL AR B[ get_accel_device BRI 71 4 accel T-H s A& B H I i 2 44 %
WA, X4 LE microbit V2 [ B S IEAAEAE(F A accelO), T A2 FHAE A5 v FH 15 45 4%

Iﬁﬁ(app/boards/bbc microbit_v2.overlay)$& L. H AN T accel )42, 8145254 Ism303agr_accel
FIREP=

V2% W 78 25 ST BEAE TF BRI 2 & SO BT R AE B, & B9 LI 3 R [19]

o HAINN A (A accel) Bl 1k FE .

o EHUATAREVEME, 005 R AR

o BRI A —AENE.

o MEIIF AL Bl BT R

[ 2] accel.c AR5, get_accel_values BRG] T3REL 3-FliiE fEAf, M sensor_sample_fetch Al
sensor_channel_get &R0 FH 56 B 1 AT AR ARME I D RE . 1 A E AT 1R AT St R4 o (A Jak 38 56 B
D, REREH BIIRATE IR AN HB AR Zephyr HIV A BRENREAY (55 2.1 F5).

sensor_sample_fetch 1 sensor_channel_get p&%(35 472 FAL AR 3K AP, M Zephyr ARRS Sk S0
include/zephyr/drivers/sensor.h wJ LU 2P A bR 2 530 6 FH 152 £ 3k 3l API sample_fetch 1 channel _get B&i
o WA R I FE A UE T IER I IRENFEFT o fE AW S, AR RSS2 A AN “stlis2dh”
A1 “st,Ism303agr-accel” . IXFNIIERLIT /& fe B — N HeA 4, 1E Zephyr ARG HHE% st_lis2dh (FE7
BB 7 B AN R RIZ), AT LR F] drivers/sensor/st/lis2dh/lis2dh.c SO & 5 CBRED [)1EA] “#define
DT_DRV_COMPAT st_lis2dh” . 4] 18 FiasfI2 1% sh Bk sl API 4544 5 X+
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static DEVICE_API(sensor, lis2dh_driver_api) = {
.attr_set = lis2dh_attr_set,
#if CONFIG_LIS2DH_TRIGGER
.trigger_set = lis2dh_trigger_set,
#endif
.sample_fetch = 1lis2dh_sample_fetch,
.channel_get = lis2dh_channel_get,
¥
Figure 18. lis2dh device driver API definition (source: Zephyr on GitHub)
18. lis2dh &-ZIRFNHT APl ZEX (GRIR: Zephyr GitHub X3 )

A LLE FiZ IR 5K lis2dh_sample_fetch £ list2dh_channel_get B ¥ I45 515 & X % sample_fetch 1
channel_get AP {523l lis2dh BXE) 3255 12C Al SPI B2k, 78 E &AW o aT LIE S, micro:bit V2
(IR AE 120 28 B0, ] 19 BRI lis2dh DX (138 2 Wl aa A R

#define LIS2DH_CONFIG_I2C(inst) \
{ \
.bus_init = lis2dh_i2c_init, \
.bus_cfg = { .i2c = I2C_DT_SPEC_INST GET(inst), }, \
.hw = { .is_lsm3@3agr_dev = IS_LSM303AGR_DEV(inst), \
.disc_pull_up = DISC_PULL_UP(inst), \
.anym_on_intl = ANYM_ON_INT1(inst), \
.anym_latch = ANYM_LATCH(inst), \
.anym_mode = ANYM_MODE(inst), }, \
LIS2DH_CFG_TEMPERATURE(inst) \
LIS2DH_CFG_INT(inst) \

}

#define LIS2DH_DEFINE_I2C(inst) \
static struct lis2dh_data lis2dh_data_##inst; \
static const struct lis2dh_config lis2dh_config_##inst = \

LIS2DH_CONFIG_I2C(inst); \
LIS2DH_DEVICE_INIT(inst)
/*
* Main instantiation macro. Use of COND_CODE_1() selects the right
* bus-specific macro at preprocessor time.
*/

#define LIS2DH_DEFINE(inst) \

COND_CODE_1(DT_INST_ON_BUS(inst, spi), \
(LIS2DH_DEFINE_SPI(inst)), \

(LIS2DH_DEFINE_I2C(inst)))

DT_INST_FOREACH_STATUS_OKAY(LIS2DH_DEFINE)

Figure 19. lis2dh device driver initialization code (source: Zephyr on GitHub)
19. lis2dh & & IERNFIRLARAD(RIR: Zephyr GitHub {LFSE)

A% 38 T DT_INST_FOREACH_STATUS_OKAY %%, Xt —MIRAEN okay MIEHF X &I B
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TR, AT/NER

LIS2DH_DEFINE %, Ja# 2i#id DT_INST_ON_BUS HIWri% & /2 5 7E spi gk b, WiRe, stidt—»5 R
LIS2DH_DEFINE_SPI #J#4b 355, 75044 & LIS2DH_DEFINE_I2C % (micro:bit V2 [1&). A4, &
A ATk DT_INST_ON_BUS M5 HEAT ) 5 fWe ?

micro:bit V2 W& AL IR PTAER (2 W AFARE 4N “nordic,nrf-twim” , MWHEEE LA dts/bind-
ings/i2c/nordic,nrf-twim.yaml ] LB F], S5 (include) T nordic,nrf-twi-common.yaml ([ 301432 ),
SRJEZ S S — 5 T i2c-controller.yaml, 7EIX—SCAFHATER] T “bus:i2e” M5 E. B2,
TR B 25 58 BT LAAS A% TS A T A i2¢ e sl 45

H T lis2dh IXENRERS 4 IERAHBIC B, R “st,lsm303agr-accel ” (14K 5] . fEIZ1THS, accel
RS 1) sensor_sample_fetch £ sensor_channel_get p& %041 st_lis2dh BX 5 1) B8 4K

£ Zephyr FIFEZ ST R, I 325 44 AT DL B Ve s MR E 228 DU, A5 A 451 v 1) 3R 5 SOAR A Rt
A “st,lis2dh (on i2¢ bus)” .

3.3.2. WEWHENEE XL

FEREBI N R, B 5 I ledmatrix B3 (custom-module/drivers/ledmatrix/ledmatrix.c)fd Fif GP10 7£ LED
RO RSP T R s e BRI 2 —HE B —47 5 AL LED [ZhAE. 7ERT— TR R, IK3h 7R EEUTAD 3% 5% b
FIBE &8 b ABIREATEIE T H & LA “custom-ledmatrix” 3E& 4 FIHS8E, LU ledmatrix 3Kz 5K
Mo

20 A& 21 FrasEI4r A& custom-ledmatrix 4546 52 34 (custom-module/dts/bindings/custom-
ledmatrix.yaml)F1 micro:bit \/2 14 £ 44 78 o SO v 0] N 1 A5

description: |
An LED matrix that consists of row and column GPIO pins.

# Device tree node will have the same "compatible" attribute to be picked up
# by a driver that intends to operate on the device.
compatible: “custom-ledmatrix"”

include: base.yaml

properties:
led-row-gpios:
type: phandle-array
required: true
description: |

Array of row GPIOs pins that are part of the matrix.

led-col-gpios:
type: phandle-array
required: true
description: |
Array of column GPIOs pins that are part of the matrix.

Figure 20. The device tree binding file for custom-ledmatrix
20. custom-ledmatrix 1% & #48 E ST
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/*
* Define a node of the custom "custom-ledmatrix" binding that contains GPIO
* information from the 5x5 LED matrix. Provide the same GPIO pins as the
* "led_matrix" node in the bbc_microbit_v2 board devicetree source file.

*/
ledmatrix_label: custom_ledmatrix {
compatible = "custom-ledmatrix";
status = "okay";
led-row-gpios = <&gpio® 21 GPIO_ACTIVE_HIGH>,
<&gpiond 22 GPIO_ACTIVE_HIGH>,
<&gpiod 15 GPIO_ACTIVE_HIGH>,
<8gpiod 24 GPIO_ACTIVE_HIGH>,
<&gpiod 19 GPIO_ACTIVE_HIGH>;
led-col-gpios = <&gpio@ 28 GPIO_ACTIVE_LOW>,
<&gpiod 11 GPIO_ACTIVE_LOW>,
<&gpiod 31 GPIO_ACTIVE_LOWs,
<&gpiol 5 GPIO_ACTIVE_LOW>,
<&gpiod 30 GPIO_ACTIVE_LOW>;
1

Figure 21. The custom-ledmatrix device tree node
[& 21. cutstom-ledmatrix & & T 5

MIE 20 FRTCAF £, custom-ledmatrix 46 H A #4~ GPIO 5|l phandle 304, 4 5I4t3% LED %EFF
147 GPIO 5l JI(HES) 141 GPIO 5l ICTIR) [20]. I 21, VERE] GPIO BN s, SIS FZ 4 i ~F
W5 AR A SO “led_matrix” F555(GEAE 4 “nordic,nrf-led-matrix ” )& —#HI[21]. FEEIH
FAVEH GPIO fEAMVE FHZNA BT L T AT 55 KAT, PR Z AR B .

W ERRER N2, TR phandle &~ B 75 (specifier) B K (191 40 GPIO Bk T 82 N iS22 4k
HER A B LR, fEghe R — MR MR RN “#x-cells” [IJEPE. AT HT GPIO 2% phandle +
AEI, HERMERa 4L “-gpios” 45, AE|H ) led-row-gpios 1 led-col-gpios, HiA 75 ERALIX
—JEPE. KT “H#r-cells” JEMERIANTT VL E 77 SRS

M 21 FIE a] UE B8 5E WA IR A Bl 25 (115 ) (status A “okay” ), T i BERS 18 FH 1% 8 PR R S e
ST baseyaml. b— AR, bRid &t g TIREN FIRIMG AR AT, Bl 19 o 11
DT_INST_FOREACH_STATUS_OKAY %.

H 5 SCREN Sk o UL custom-module/include/app/drivers/ledmatrix.h, 7] LA #9X5) API 1 5 4
bR E5 2H B (. ledmatrix_driver_api 2544 5E L), 433 51 57 £ LED H0 R fil G AT B2 51 (35 4 A AP AISE
M LED E7~(E 5 4~ API). {EIKS) )52 (custom-module/drivers/ledmatrix/ledmatrix.c) 1, X 5 4N pRA%s
WS driver_api £5#4)) [22]. BLAE 4 NAZ AL FE A ledmatrix XS IFEARSER . F)a, B 22 FiRi
S XN IR a7 -

#define LEDMATRIX_DEFINE(inst)

static const struct ledmatrix_config config##inst = {
.rows = { DT_INST_FOREACH_PROP_ELEM_SEP(inst, led_row_gpios,
GPIO_DT_SPEC_GET_BY_IDX, (, )) },
.cols = { DT_INST_FOREACH_PROP_ELEM_SEP(inst, led_col_gpios,
GPIO_DT_SPEC_GET_BY_IDX, (, )) },

1

DEVICE_DT_INST_DEFINE(inst, instance_init, NULL, NULL, &config##inst,
POST_KERNEL, CONFIG_LEDMATRIX_INIT_PRIORITY,

&driver_api);

e

DT_INST_FOREACH_STATUS_OKAY (LEDMATRIX_DEFINE)

Figure 22. The initialization of the ledmatrix driver
22. ledmatrix IRFHEIFI A 1L
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LEDMATRIX_DEFINE 1§ ff] GPIO_DT_SPEC_GET_BY_IDX &
DT_INST_FOREACH_PROP_ELEM_SEP, M&E&MIEHFEEL GP1O 5|1 phandle H2H F ¥ pl 51, AT i
AR gpio_dt_spec £44H[23], FTE R & IRBNAC B L5 (L 23) FAEE 1T A1 %1 GPIO 5| @ 1 [24].

struct ledmatrix_config {
struct gpio_dt_spec rows[NUM_ROW];
struct gpio_dt_spec cols[NUM COL]J;
¥

Figure 23. The configuration structure of the ledmatrix driver

23. ledmatrix IRFIHYEC & 548

AL — TR 2011 L AR JK D240, DT_INST_FOREACH_STATUS_OKAY £t AR A4 11
He 40 “custom-ledmatrix” (1915 % FEAT WRBIHT AL -

St ledmatrix SRENJ, (L it BREOH T LAR 2 53 H BB AT LED 7SR FINY SIEHRME . L
N AR TR R, RN SEBL T AR B 75 17 i LED FEREXT NG S AT B KRR «

3.33. HF &A%

Zephyr #2487 HERGERI S, NAMRID . K50, ACRSZE n] DL M & i H B, @it Keonfig
BoE A H B . HERTTRZ A MRS 770 8: DBG (k). INF (f55). WRN (Z4)F1 ERR
(B5i). AR HEE A LOG_X (X NZl) % st ol LME 5 printk Z8ARIEES H . DAREBI R A i)
accel %A% & A, custom-module/lib/accel/accel.c 1L+ T zephyr/logging/log.h =k T, %A )5 fif H
LOG_MODULE_REGISTER %€ X 1 H &k accel, H: H &2 %] CONFIG_ACCELLIB_LOG_LEVEL.

7t Kconfig #, CONFIG_LOG FBEEH FHEARBEHHEHE, 5@ & I CONFIG_<
P> LOG_LEVEL_X (X A2 ) & 58 AN A H I 900 « 4451 A B2 FH I IC B S A4 app/prj.conf @it CON-
FIG_LOG=y fE4 /a7 HEIRE, #RJ5iE1E CONFIG_ACCELLIB_LOG_LEVEL_INF=y 37 accel
B H B0 2 SUCA INF(S B) 25 . ledmatrix BREDASFH =AD& H A H SRR E .

I HERGAH LA printk SEATECE, Fa0 S A R A4 7 2R H & e DL B H & 9003
ITik g, R AN BT DR 2S5 AR F H & .

4. BITFLAR Zephyr R
4.1. BITHEHGINA
Y AN B N [ d A an ] 24 B

cd ~/zephyrproject

mkdir applications && cd applications

git clone https://github.com/lingyuan-he/zephyr-example.git
cd zephyr-example

west build -b bbc microbit v2 app -p

west flash

Figure 24. Commands to download and deploy the example application
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Figure 25. lllumination of the bottom row LEDs when the board is upright
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4.2. Zephyr R FIBER

1E Zephyr NHIF R, SRR R 2% HE . micro:bit V2 B 17HE51 8 H I 2% H S5
R, AT DGE AR AR A T EGERRE O, B8 A minicom [W4r4-: - “minicom -D /dev/ttyACMO -b
115200” .

FEAG S BRI B E O INF, Rt v] LLd s 645 debug.conf BEIUR H & MIF KN DBG,
T2l 2% AR IR B B0dE A GPI1O /B4, a4 N:  “west build -b bbc_microbit_v2 app -p --extra-conf
debug.conf”.

Zephyr SZH##{E micro:bit V2 - fi Fl GDB #ETim A2 YRR, N FH g 3 Ase 3% (“ west build ” F1“west flash ™)
J&, 18T “westdebug” #t£x 52 GDB. GDB f& fL i ARG 4 & Wi m( “bmain.c:i<ATH>" B “b<if
A>7 ) BATHAT () GREEPHAT (C)FIHTERAE B ( “p<LEA4>" ). “westdebug” fiz 4L LA¥E & GDB
LU B2 D [25], %140 jlink 1 openocd.

5. 4478

Zephyr fE RGBT EAFSE T Linux S8 RBTHEBPEI It B, SIN T Linux AR GUT R 2
BIBES AT AR, (HARXTH WA RTOS, RN 17 800 IR T s R AL, LAt
B Bh AT 3 R I T LRI 22 (3] G west T ELAI twister AAESY), Zephyr 75 2 RER 5] AN [R] 4T3 ) 7F
FRAN . B, T AN A R T AR AN T R BT ADoK I ) BB B g A
BRI/ RTOS RN IF R 3

A AR PIEA S, BB WAE Zephyr ERATIRAEIEIT A T T ASSCH RSB I AN
Fod T BRI BEARAN T 8UR E AIRH 7R, Zephyr (B 5 S0 524, DA RCARRRY: AR SERE R R
B A M A ZHME. BRE TS Rh U A B R sk, (HEANTFAEESR TG LA
Zil—HANEM, 2 EiHeth - AaL

Zephyr JTEERENKGRYS, BEME) T JFAE FOTIRALIX B0 A, T H BT i RORE i oAt
RTOS. #if§ Zephyr T H £ KRR BENS ol (b R A0 R GEAN 50 2 ST M P vy AN AR 1 Bl PR S 28 17 i,
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Abstract
Mental health is a common concern in society. The number of depression patients in my country
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SLEEA 5

continues to expand, the incidence group shows a trend of younger age, and the proportion of col-
lege students continues to increase. It is urgent to use artificial intelligence technology to empower
college mental health work. Aiming at the problems of insufficient centralized evaluation accuracy,
poor timeliness of hidden danger investigation, and narrow coverage of traditional interviews in
existing college mental health work, this paper proposes a student mental health support system
based on multimodal emotional interaction. Relying on campus behavior big data, the system builds
a monitoring and early warning mechanism for students’ abnormal emotions and behaviors; through
the independently developed large language model], it realizes the dynamic recognition and intelli-
gent evaluation of students’ emotions, and combines psychological theory to dynamically adapt per-
sonalized counseling strategies to support emotional companionship and psychological support for
multiple roles. The system has shown good results in practical applications, with an accuracy rate
of more than 85% in psychological state evaluation, which significantly improves the accuracy and
response efficiency of psychological services, and provides strong technical support for the intelli-
gent and scientific construction of the campus mental health education system.

Keywords

Mental Health Assessment, Mental State Monitoring, Multimodal Emotional Interaction,
Personalized Counseling, Large Language Model Application

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

B A PO R R, SRR EIE I E A Se g . BERFOE ). HERAGRKREZEL
HRPRAR, IR N SRR T BT AR o, FRE R AR AR R A 24.71% [1];
(R 6] ] R o B A JEE 41 75 (2021~2022) ) i — P AR N, RS AR A o ISR £ R ) JRURSAS: H 243 i A
21.48%7FH 45.28% [2]. o ERfENLA FE M K22 A MR K S R &, A K EEM e K 2 Bk, A
ARG SEMHRAT AR A, SR E 5K 09N A B 77 50 B AL 2 e 5 Mt J A T 2000 6 47 T S

KO HERAEERA “&0. BE. FE, $477 WEZEEBGISUER, &R0 2% O B )
A E mE R EEREE . SET, OHEERBE TR E . WS ME SRR = 5%
Pk, B ACOHERRAS B O FRAS Pl 5 5 S 1K AN B T AR T o 75O BRRAS B T
WA TTERZAS BTSSR T, SRt RGMENN, s DR R 22 IR 2 RO BRAS 5 )
R, HiPfhgs Bea—, s RGNS ORI 55 S 51, PA R T B K
B EEN, SR ZYERE . SRS SCHE,  PPAl A5 SO LA T 20 2 AR AR O BERHE . OB
FIE R — RN E R, ZUNMEZERSZHATR, HOBMERTIRAMR, RS MEA
A&, SRR ZERLOBAIE TN A A HOT OB, ST TSR .

AR, BB EREARREERE NS MENSCRE T mms, TN TERT . B SO
BEXT IR i), g DU BEAS BB 9 SCHE ) ZR GO R A R SCHR AR R RO R R 1 o 15 B = A
NTEIBAC BN EAR, BRI B AR AL, A ZESEURE, BT OIDIRES, FRRUEVEHA)
L (77 AR D FE SRR, B AL GO PR Bk A 2 B 1) L, SR TR SRR .

BT, ASCUEEE T N, RBILAERE OB R ACE R AR S S0 k. 78 M
WA, RGRE 2R AEEE, SR BG A EAT AR S O ERAS, BRI SR, 1

DOI: 10.12677/etis.2025.22007 79 BARHA S H RS


https://doi.org/10.12677/etis.2025.22007
http://creativecommons.org/licenses/by/4.0/

LG 5

FEAxTh . ARRLRE A O BRI UL . PP SRS, BT N T2 EAMEESR, IR
AR IR QB OR, RO AR, JFE AR B B WA AR R R, 1R %
T RIS 5O B SCRAME M IR 55 . R R RO BN R G5 1PN - BT — AR S5 AL
i, AT R T O HE R U A R VR AR HEVE S T IS RO, SRR O B RREE TR AR
BReAl BleAfee M, Bhypea A OB BRI S W R AR A R . ASCEERIH T

B R TR OEE 1 SE O BRI T . ST T A AR I 2 5 AR
FIRTHR T, PSR ATEAT B, S O DR S AR A T REAT KU T . 34 1 G 2 7 b
M T R . T IAE S BURAE B ZE R, ST 1R A e UG TR FR) A IR 4 5 R b AR 7

F, PR T ORIE F B RO RS PG AR IS R T . RIS A, BT HE
BRI, @M E M. 2REEEAE, ST A4 OBRE R B RETTAY, 456 D1 8
ML SN ER A LB SRS, R R R ek . R T AL GO — Bl 4 i
ST R R, FTR T I A SR PR, MR O B SRR A O 5 R AR

2. AR
AR SCF S L T A 075 I S T B, S T BT A I A 2 A O T S

FERYE, BARRS TN DIRERER: S e R HdE (1 e Lo BRI AR . T KT8 5 R [ B
REVEAFF BRI . R GRS IS 1 Fs.

[ BTREABEOLNOERSEN | ETFTRESRENOIBRST AR }
| SRE(TIRE Do 2= 5 ““““ YA
I N - i —— . - = ) —_
1 [P * S 1 I5] 1
| wmER  sems msem || e wmam  Mmemy ||
' [ , . - IR v T = I
| LOEWERSE REHEE . ﬁww I
' 1 J § : 2 m |
: lmmmmmmmmmmm oo m oo : I aw“‘:‘ 1
[ “II:,\iE'” - H - I
1 X HSEEH
| e N Y MRS WEREXEN - dSEnRPEEREEE
| CNN-LSTM T3 B 02545 VP !
B - 1
BEE= -
@29 !

| &3S L sunmmme =5 |
| B 3 -TY N e u
1 RELR I B t - |
I °. L — v 1 DIBARASET FAHAE B
1 DRI .‘ X . < B\ oy | | EE & iR <:I A= 1

1 - @ , Yo E -
EZRE O 3 : I — 5 EARNER |
| ew 809 o o R | BRIESABE o ZREARE DEESAE |
\ ] \ /

- em e e e e e e e Em e e - - - - - Em e m Em e Em e Em Em

Figure 1. System overall architecture diagram
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Figure 2. Real-time psychological state monitoring process based on campus big data
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Table 1. Student data sheet
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Table 2. Table of static and dynamic characteristics of students
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Figure 3. Schematic diagram of the self-supervised learning model architecture that integrates static and temporal features
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Figure 4. Schematic diagram of the self-supervised training process
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Figure 5. Multi-role emotional support dataset construction process
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Figure 6. Comparison between basic evaluation and evaluation with follow-up mechanism
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Figure 8. The overall framework of multi-role personality guidance

8. ZRABMIRSHEKIEN

DOI: 10.12677/etis.2025.22007

90

BARTARSH RS


https://doi.org/10.12677/etis.2025.22007

A

S
48

45.1. BERAIMEL

TEHTR 2 B B R AR SRR B 2 m b, ASGE— DS T KA = BB S5 E, il
TR I T B AR W 2% 5 K I A0 AZ R 4% (CNN-LSTM) HI 2 B2 5 250 ) 7 i, T S92 22 A O FROIR
AL ASHER .

ZITERE T CNN T2 &R RRESR IO TH R A5 LSTM 75 A [ sh A& RFE 7 T IRE /7, I8 4F
TEL Rl 5 B AV E R IR 2 EAHE TR CES S WA, RIE5OHRE S EAECIH GBI R . &
SEIT AR KA P IS RS, SR Bk R S R . BRI 9.

SRS A K
B 0L IER=RAE ER P
> —_—"
FFIESREY FRIE R
MATE HAH A SR AR S BT
PR SR RS HAE l

P& — (AR — BERIPR w— D)

Figure 9. Multimodal emotion recognition process
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Intelligence Agents (Al Agents) are gradually becoming the core scheduling and control units in Inter-
net of Things (IoT) systems. This paper designs and implements an AloT system architecture centered
around Al agents, integrating sensor/actuator modules, edge terminals, local/cloud-based LLM infer-
ence engines, cloud computing centers, and the n8n automation platform. The system adopts a mod-
ular design, supports the MCP scheduling framework, and communicates via protocols such as OPC
UA and MQTT, offering low latency, high scalability, and strong engineering portability. This paper
focuses on the system structure and core module design, and demonstrates its practicality and open-
ness through a typical use case in smart home applications and deployment experiments, showcasing
its potential across various AloT industry scenarios.
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1. 5|15

VI (Internet of Things, SCHETFR 10T) M & BE(Artificial Intelligence, SCHEFR ANZE & AL
EREPIR N CCHERR AlOT)PE NS N BEAL S MER SR, IE 5821 577\ A S LS50S A
JrZ BT Tl REVRE BT S 1 S5 AR e M R M m AT, R AW 2 B RE K &
RS RAEY 5. R, EAERGKIES A (Large Language Model, SCHEFR LLM)EUS 280 2
B, AloT RG22 R TGS E M58 SRR 1AL, FEARIS I AlexNet. CNN B il {52
AL A BRI AT AN S HERE . X AR B AR P E AlOT R G0 3 I DR = KA% O i) — 2 AT 55 [
(ARG RBEN I RAT5)s RIE RGBS R FE B 5, =g —HEAR): =2
I S (6 FE P 2 75 SRR 528 1R E . B A ) o

BE% W B\ T2 fE AGI (Artificial General Intelligence, SCH AT AGH)EA I BE, AloT R4 IEIE )
Al B HER(AL Agent, SCHITRTFR Al 2 RE/RER Al Agent) & &, /3 - H 418 X HEMR. THHSHHASHE
P DEMRES M) AR RS RONTT g, ASCHH —FPTH ) AGH MR TFIR AloT RG4H,
£ Al B EEMR. MCP (Multi-Component Processing, £ 41{HAE5 KRS, SCARfEHR MCP) A E] £EHESL
IOT MZEFIALIERE ST BREESHEAL L= FE SR, Bl - 4 - = EMEREA R, K
SCUVE R R B st ARG EHAT T AT B A I S I, S0IE T AR SRR R A Ty
ISy R . BB BT RGUEBAE GITHUB LA, BYESFAT— K 22 et 5238 - 4.
Ve BT 22— PV 25 B2 1R R BR A 7] (O R AT FRRY B RHRE) K ] Ay [l A7 4 A AR 26 1) e 22 R kR A

2. 10T Al 28t
loT Al BBtk @8 TG &k & P RS, B&IFEA. Ba 57T =
FAZEE ST, TEE T SRR AR 5 A T8RS HEBBITY, RS0 0t BTAC TR BEHEAT ST 00T, FE48 I A

Y H RS SN R, TR - RS - AT SRR A R
FEDIRE L, 10T Al B BER T ZRIH UM E S
o IRELESA(Perception): FIALERAZ. ML, BUR. A, SCIRSFLREGSRENGER, Jv/a s 4t
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Kl SCHF

o AEHEHL 5 i (Reasoning and Decision-making): lid #E &R Al R (B AL NELE
AR BN 5] ) sE R A LLM BEz0 LLM 6B BE 247 00, FRAR P 2 B sl P W A SR
A, M EAIE R,

o ATEIPAT(Action Execution): MRIEHEEESE IR, IXZHIHL. gEHEE. EoRSSBIEHNE S, SCHU AR

TR Re T
o fEH AL (Sense-Think-Act Loop): iR TEe AL RFFEHEAT, SR Gun 2 A TR ) S I v 5
M) )8

2B B R G EEARIGAT I TS . B (Sense) — HEFE 5 k3 (Think) —~ 47 3(Act)” , Fl—
AN B IE N RE TR BEAT NI . HIEARIIREAE RGNS 1 Fas, e T MO N 3195 1) L 1 o2 2
Ab PR

III;

femiss DT eSO e i

KRGS =S AR

Figure 1. Functional block diagram of the 10T Al agent system
1. 10T Al BEEKRRGHITHREAEE]

G AL BERHLE], 10T RGN H EESBBNACHE LR Z T, NERERE. TkAzME.
BRI T U R TRy R I N R AR DT 5

3. ARG SRR

BB SRR = DU Tis o8 BE, B E 2@ -LERALE AR A #iik . (HS
TR, BAEBR—M. S ARIPIERN GRS ARIE R 1) B 37 st Al S5 AT 55 I S A, Bk
WZER JEH 2 XA A E 2]

IS 2(a) AT Wi A, RBIASCH 10T Al BReIE R, W 2(b) s, & A FEE RS AT
B, 0% %0, =6 AMBEEIESHEA LLM. =i LLM #1 AloT 47 R 2% P .
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Figure 2. 10T Al agent system architecture
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B — R I S PAT LN B R B RN N G T B (1 1 2 ¢ it 2 TR SCRE W-FiL I OF (BT
RS485. PAKMZEZ R ff 261015, @I FEEHH Modbus HHHEE L. H o ERE=ERFEZ
V)38 55 4 FH EL B ) MQTT Hivist . 28 = 2RISR DU JZE AloT F - AIAT Mk S 25 7 i 22 1] 38 4 U ] 3@ WEB
& P uiiE REST AP SRSEHl. Atz &g LLM nf LU H DeepSeek /MEEAIEL QWQ 55 %2 7 A M ik 5525
DA RGUR SEE . % 1 IR T R G & AN AR BIE AR

Table 1. Components and functions of the 10T Al agent system

= 1. 10T Al BREARGHIEEFER

At feFd =l
BB R PSR R R . BRI R
A BT ) SV 3 i P BLOS2ESTHUR . JROER . TRIEZEST. O
AL () e 6 W B AL T PHL. Linux 4. 5 o1
BUTEGH) R YT 3 TR, AR R
Bk e s ey T W Ziobees Mep s i HTTE
SR (i) T s I s SR KM Z T
F P 5 (RT i) b A LS Al Agent &5 H. i FHL App. B HTRASE
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4. REERET
4.1. fERASRFIPITIRIR

S RAR RS A PAT BB CC AR R AK 10T HLER) 2 2252 on PR S8t R & (5 S FUACBE . $AT 433K 30
WG E[3]. WA 3 Prom. AP IR A S AR CE LA 2R) 51 St 5 AT BlE 2 ., R
J1 Modbus PR SEELFREML S AL, IR RGEIACEIE ST b

Figure 3. Sensors and actuator modules of the 10T Al agent system

3. 10T Al BEEF RGN T AR AP TIRIR

411 BHEBLEE
l0T BEHLR FH P RISC-V 224 W01 it i VE N E5 870, HE AR 35
o KbFRVEAE. 32 {7 CPU WAZHATC 20KB ROM + 288KB SRAM + 2MB Flash [ =& fE k48, S drsemt
Bl RAECRAE S > 1 kHz) S 8 B 5L 0 PID S5 #5 fil A HALAT
o EOVE: £ UART X3, SPIx2, 12Cx2. ADC x5 252 8MA w12 10, B RS0 10 AME B HR

TSI FATHEN
o JEEAEST: WUBLTCL SCHF(WI-Fi 802.11b/g/n + BT/BLE 4.2), A k34,4 10/100M LUK PHY #1
RS485 i & %% .

o BERCEEL: ZHAHISHPTEARLIAFIIIIFE <10 pA, TAEEIIFE <120 mW@48 MHz.

4.12. ERFRESRITIMED

PR b bR v 32 11 P S0 S T A R I 245 ) R Vi i
o MHME S RME: 16 (i EkERE ADC HIECRAER 1 MSPS)CRHRE . 1B, JEIRSEBILE A
o BFHYIR: 12C BB KL, COME SR 7L A
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4.1.3. BIEHE
BEHR F 73 28015 284 «
o WIBLE: TLERARHEN Wi-Fi (SAHZ 72 Mbps)SEI s e s /4%, BLE 4.2 F TRIIFE &4l
W, A L[S R RS485 (oK1 mi%l 256 4, fE4EEES 1.2 km).
o WHMJZE: T Modbus-TCP/RTU Wil SEIL B HE MR AL B3¢, & SO &R T (16 bit) A& R ERE X
(32 bit 1 s HAH) . #1454 [X (8 bit i 2L =K A F A%
o ZAHUH: AES-128 BTN 5 R EHE B e 4, SRR S AIE .

4.1.4. 10T EBREE

W801 ] SDK 1 &4 FreeRTOS SZi #:4E 245 . FreeRTOS /& — MU AR SE B-1E 245, H A
B/NTGfE R, PR ME SRR AL AR E O BRI 5 A F s ) RTOS (Real Time Operating System)
[3]. FreeRTOS SCRFZAT % FF KISAT, "EIBE AL Ia g L . IF ] b 50 % 1 LSRN L 6 20 241 25 R i Ok CPU
M= ORI o FreeRTOS i 424l T — RAIM I BERIARSS, HlWnE5- 3, B, RS, E55&.
BRI, HET XSO AR S5 RN SR RRAS T T M AT RN SN T K

A SCHAT I 10T FEBE A ARSI 4 Fis. BAEREIE, REEIE#T N DMEEES: (£451
FTUE I ML, (F55 2 st il TCP&EHIRES, 1155 3 0 TCP Bl 3, PARATESS N %5,

[ RN MES ]
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Figure 4. Task flow of the 1oT module software
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2EAE AL BRI (0 AlexNet. CNN 55), HI T THIP G SRS ReHERE, 1T RGAEWT N BRI )
SCRMIEIENEE ST BhAb, ARSIl S 2 N HE L S MCP 5 Al B BEARPATHESE, SCRFEGN - #E
- PATHI PR . HIE N B OPC UA & Fui/lRd5 45« MQTT & iS5yt ol Mk, HT5 loT
P& Az ~F- & (ThingsBoard) 2 7] 835 28 H. 5 725 .

TR A AGH A RGuE e, 5%\ “HaEhakds” A “AMBE ARG R, A&H
PRI R SCERAR . 2RSS B ERGRRE ), BUNEIER SRR “RANTONETT R .

W ERBBGT ST K 7R+ 2 5N CPU # Android AT Linux 334435 . A £ 4 thm tEA b
FA R Y A & 0 A RK3399 AT EC200A ) Android AT Linux ¥4 j% .

4.2.1. DGR ImELt

5 R T W R RHEN SO AR SCIFIR 10T Al B BERZEM I & L omtdiiF RGAER], o0 LAm P Rg
IR A UALFE 2% (10 RK3399. EC200A B At SoC) AL, [HISeAbBEB A A | TR fEffHon. M4
HilfE. Ao O, HESY R, BIEER. DU RS SRR
o fZDALFEES(CPU)

> K Rockchip RK3399 sk fth £ i A F g%, 4L GPUINPU, RpAH Al HEHE

> K ARGIET. BUEAIE. PUUENT Al BRSSO S
o (7MiM (Storage)

> DDR: HT RGIEAT AT HIIGE P AE

> iNand: R AAEG RVEAEM, AFUERIE RS AL N R .

> TFCard: CRRAMEAFMERY TR, (8 T804E H B 266 50 E# .
o loT M35 HEBEMIEE (0T Gateway & Internet)

> RS485/RS232: &MLt Tk 4, SCFF Modbus Z5Hpi3 .

>  Wi-Fi & BT: U E&ERSEF R&HEE.

> Ethernet: F T 4k mid I 4518z

> USB: SCHRRAMBIEAN (WAL, RIS, AR5,

> 3G/AG/INB-l0T: &AL/ I FEE = RE /)

> RFID/INFC: SCHEAHh S 3R 5] (1250 B ER SN
o JH P AZH % M (User Interfaces)

> LCD+ filfsiht: selnl#iik B S 5 AN H .

> Audio + Audio Amplifier + Microphone + Earphone: #4)& Si N4 R4, SCRRE SR S5 3% )

» Camera: FH TR, ARSI

> HDMI: AIAMERBE R RR.

> Keys: SCRAEEAERIN
o HUFEH 5Y EHE:I1(PMIC, Power, Extension)

>  PMIC(HIJEEHL IC): H T, 7 &S iRy .

> Power & Battery: ZFFAMTE AL B S b b piR 7, e R s sl g R .

> Extension: {REAYJEEL, T IR msie flIr K.

BN B L IR . SRR, A AR5 ANIZEAE ), AT N TR RERE
Tk Az, BT AloT Fst. EaRSeBl G - HEFE - PAT” B REAK PHTER (1 D B AR R LAl
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Figure 5. AloT edge device hardware system
5. AloT iAW untE R4

2% 2 B FT RK3399CPU 134 % £ im i 3m Ak 5 .

Table 2. Hardware specifications of the edge device based on RK3399 CPU
3 2. ETF RK3399CPU HUIAL AL im B I+ I8

Items Product Cynoware C2139 Edge Device
CPU RK3399 Dual-core Cortex-A72 + Quad-core Cortex-A53
RAM 4 GB RAM
. Storage 16 GB
Main .
LCD 10.1" (1920 x 1200) option
Touch 10.1" multi-touch TP option
Camera 1080p option
. Speaker 2 W x 2 option
Audio . .
Mic x1 option
. WIFI IEEE802.11 b/g/n (2.4G) and BT 4.2
Connectivity .
Ethernet 1 x RJ45 with 10/100/1000 M
o usB Type AUSB 3.0 x 1, USB 2.0 x 1, Micro USB 2.0 x 1
DCIn Input: AC 100~240 V; Output: DC 24 V/3.75 A
0os (OF] Android 10

4.2.2. IDGLRIRK G RGERH
LG A A B HAT R 10T BRI R 6, HERIF R GRS AlHERL, PR, 1
FRE S M P L HAE RIS BRI iR IE RS, EETE. BReASITER. A0S
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Figure 6. Android operating system of the AloT edge device
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> OPCUA 5523 &% i SR TOARMESS B @ S & MR, RERBPUTHENS—HOE
M5 N TESRE S, AIIERD Zigbee. RS485. Modbus 25 2 M1

Al B R

> AR AL B (U AlexNet. MobileNet B¢ & R RENERME ML), HTHs0&m. 178
WU RT3 AT 55

> ARYIHENERES) S B EAESIRIGE S, SRS B ot 5 F AR IREAT RSk .

> AR AL BRI TR, R FEERE LLM (1 DeepSeek £5)5¢ i8R 24 HE HE B AT 55 40
PRI H B REAR AT 5510 4% 5 0 Rk T e

P28 B 5

> RMETFEERHNSESSRMNERESZEAND, A NED kiR A 5% S s A IRE .

> ERUEF GUI SRR, BRIASEEGE (WA e UIRESE), IR LT R
LI

H 265 TAER 51 #(n8n)

> WHREER BOTIR B ZE-F & n8n, T F RSN S5 AE, SCBUE S AW T H 4
WS EEF 5 E 3T

> CEFEE XA Webhook #:11, Tl Al R BEARIEH B A filh & 5 4% B Sh AL R .
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FIIEPEL T & ThingsBoard #4 & = uiti il 55 8%, 454 Dash - & SCI i S E0H 0 AT A 22 4 B s % o
o JEfEHLHI
> B MQTT Phil 5SS miE s, R &EUE b5 M4 TR, IR RGREE,
2El. eI,
o IZOINAE(FET ThingsBoard)
> WHREHSHE: CFMERSEMN. oA, aRESHE SR INEE.
SERPHGE R CRERIRFE. JBEE. DGR NRBNSE loT HdE, CRFEIZR. BERE R,
Bl A5 Do sid st ] 3w SRR B R S 7R X, SCRF SQL/NoSQL s & 4L A«
PNEES 5 B ah izl WERZUCIENLE], TR B &8 iR 55 3 a2 .
RS A AT P TR Web s siEE shum R IFC. TS HITR L BiUG w4 .
WR 5248, NEMOSSH. Token YAE. Vi HELTE, WhE5IR LS %& 24,
PERe T SRy etk SRR, M TE L. FReRE. BEMN S5 N E.
o Dash @ #L &
> #EIdEE R Dash (Plotly)af ThingsBoard P & @t il AL ALIE 1, s Al HEEREE R WARS. ik
ARG TMEEE, SR A E XEREE S 3 BIR A
o mFEVIMIEHFALH
> M Pl ThingsBoard Web {CGERL B 2 b A, SHTEARRZEE ., SHE M. HEmNE
WA H, 1Tt RGN AT B E S T4 M

44. XS5 EHE LLM HhEHEERER

TEM M AGI ) AloT R, Kl S HAN(LLM)TE R O RIA R S HERE 51 4, Al B R iR 5 X
Pff. AT AR HAES RS HEBIAFRS SR, HMMGNERER, KRS
W SRR LLM 5 2 LLM B ERRE LS, B MCP S A .

o RHiLLM (& LLM @1 QwQ)
> HENLE: TSGR BRI RS A
> BRIRAL. @ ON/NSEERT (U TingGPT. MiniLM. DistilBERT £5), SCRFIERlH 2. 54
1 5 18 5 0 1
> R
v WANEEEDR, R IE AR (A H);
Vo HAEAHIALEE, {RFEREAL
v AJTE AT F BN R E I RSB AT
v G R WREE RRIE M. PRBERSARAT EE S ESR S AT 5
o i LLM (41 DeepSeek %)
> A W API LR RV M AP & IR R TIZR0E S A
> R
v OBARRRER, A HIRME SRR, A 2T A

YV V.V V V V
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Vo ORRRRRS R R AT RIS IR
> HH
& WEEAKHEIER, (PR — BRI,
& HURTAEM R 20, T REATAE R AL XU 5
& TR ERSEM. BRSO KIMESERE. AW ERIES A HS.
o MCP i 50%
> Al FEANIK MCP (2 4L RIES), ATAREEAT S5 R IR BN A BB 5] 28, SRmE 45
B FSERE, WSS AN LLM &3, 8 24T SR 50 LLM;
W SERPPRETESR . X AEIR U AT 25 B0 Sl SR FH AN b A 2
B WEORA B ESS B AR LT B 2 Bl VA A A S Y
W BRI SRR RIR(N AR CPU (5 FHEE) FIW A AR AR = B ] i 47
AR EDGIEE o EARS, ST - RIER - S8 R AloT INFI RS, 4 Al Agent
15 AGI I AR 72 Ak 35 2 25 5 S A

5. MCP., Al &&E{4F n8n

FEIfIA AGH GEA A LR R ACH AloT R&gir, SEILR G908 G AU T B 150 4% 1 ) 4 2
RE), TETRE PR TR 2 YRR B TR, ST TR MENLH . ik, Al R MCP
(Multi-Component Planner){E g AloT % BEAR 2L F IR M2 M 1, 3 il “ BB Zamsic B 5 “ R4t
R MRSV RSt Al Agent RETHEIEAIS H P22 H, R&EYPEIAMRE S5 AR SR TR
1M MCP MIWE R REHHX, $ 00 208 AT S5 AT a5 M A0 o0 i AEE 0k 3 5 B A pA T TR S

51. X

1) Al Agent [5] (N T2 B8 & ReAK)

AlOT RGTH Al Agent & i & 7510 2k 1 46 5 2 Ui IR R BRI PR A, BLASPRBRR AN 15 SCHf . ik
FEIEPATRES), & 10T KRG “FEREAT AL " o Bl kR SRR A s AR 5 3%, 7
TTECK B P BRSNS S, RS A B SRS BN R 2 R e R AR % . Al Agent BRI —
EFEERIRNERE, BRSSP A H, BRIEN, FOREE LN SO,

2) MCP [6] [7] (Multi-Component Planner, 2 ZH {44555 %11 2%)

MCP & 135 £ 1 25 28 ity BR3P IR 45 2B AT 55 1 5 5 B e R RIAZ O, £ 47 5345 Al Agent it
P I B ST S NPT AT I 2 DR AR, RS A TR BB EURSS ok 58 L AR B 1 «
MCP 8L 1 “JRAT - BRI - 43 - AT B RRAIENLE 0 “HERR - BRI Hl, READSRFEME R
P X .

3) n8n [8]

n8n (Node-Node)&— M. (RIS TAER AZ &, iR BB AL S AN F 1R
M55 API #: 11 584 EAE B BGE K, M E ST &R . n8n SCHREEEIT 300 Fh2E = 746 R, Ha&mE
YRS BRER T, TTRNHTEEERED . Baiistl. BEsss. KRS

AloT 1) MCP & Fid i ¥ AE 55 2 A R s T BRI A ZEA, Al 1 Re AR IS S AT RE T, DA
(R BHR MG S, SEILT “BEaELh + HEEH0” MRS, MCP IRF 5% iz
[ R ], A SR AloT B REMR R G ILRE. T/E AloT R4, n8n $ MBS HUT S T A4
fFZ, E& Al Agent 5 MCP 45, Semift et BB . #2484 Nk BARLRH 5 45 RIS D Re,
BONERER RS “HAT” iz LHE .
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5.2. AloT MCP

Z JTLARR A AloT MCP S22 A 4 3¢ MCP HI-F AloT &%t . A3 AloT MCP 2R iR “ AR
%% - % ui(Server-Client)” £5#4), FZRY T SLI A AP A BULRRS . mId Rtk am Dl R e s &
Z A G —lfE 5.

MCP R GRS + A N YME IR R, H 308 7 10 2 24 oy 55 ) 3 00 A b il 25 25 1)
MCP JIR %5 #5610 7 2 AT 55 Wil 5 B R 0 G, & B S S 4 0m ) MCP 25 P i S LR AN B4, AR 518K
S8R, AT AloT MCP 2RI & 7 B .

MCPlR53E8

ESE S
BloTiggxH
i/ =IHLLMIEE
TERAESHTES

(BREENSRIREAIIRSR)

REST/MQTT API

MCPERIH1 | === MCPZERif n
(BPBENELIR) (BPBENGLIR)

Figure 7. AloT MCP architecture
& 7. AloT MCP 244

1) AloT MCP flz%5 #+(MCP Server)
o IZOINAE
> RSS2 Al Agent B H ZHEZE 1 HARTE F BRES AT 5518 K
> RS @ BT SRR GO HTN/PDDL/LLM A st R4 55 47 iy
WIRFH
> BAERESEAH: RIEESEIREE. SRS KBRS HZhE R AN LLM 8l LLM ##47
e
> T HIAESES Bk g —E8pra T A&, @i OPC UA. MQTT. REST 25
PATAESS .
> HESRKRERB: WREZPATEREESE R, RRE 2% P s g2 2 mF &
ThingsBoard).
o FIRZEH
>  EIET: FastAPI/Flask
> FFESENE. FETHN + LLM 358180 Plan-GPT)
> BIAIXGTEE: ACHL Llama.cpp/ =i DeepSeek/OpenAl API
> T HF%: JSON-RPC/OPC UA SDK/MQTT broker
> HIERZEA7: Redis + SQLite
2) AloT MCP % F'3ii(MCP Client)
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o HREMIE
> B ING AR AW R U0 > |, 5 Al Agent 847 7E [F]— 5 o

o IZOINAE

> BOEE AL WA R SR (IR . PR AT LA ZE MCP 55 8%

> ARSERAE: 2 Al Agent OB P B BB F S, G551 R I RIEL MCP i%s 4%
> WSS AT B MCP 3R [B] AT TR BUR & B E dr 4, FF I F A T H Bz ) API $14T
> PUTRBEE: CEPATIRAS B R EE LS MCP RS 3, 8@l MQTT b 2 & Ff.
NS AR

3) W EIAL] 5 50 S

MCP fil 5% 25 FH 2% 7 i IR B A AL H1) R0 2 SR 4 3 BTz

Table 3. Coordination mechanism and deployment strategy of the MCP server and client
% 3. MCP BR %5 83 N % Fim AUt BHLHIFN 2R B SR K

WA MCP %28 MCP % ¥
HEFF IR BN B UG NR S # BUA L 4575 1 A Al Agent 751 2% 283k
AT RS X R £/~ MCP %& ' iifi/ Agent X5 B — MCP IR 55 %%
SiEERTIEN REST API, MQTT, WebSocket REST API/MQTT
Z AL Token AIE + IP (445 W E Agent F1HriH
AN 3 ## Docker Compose &% 1B ID AR SRR A B

5.3. AloT Al 8¢

1) AloT Al B Ak sE L
ZFTUARR A AloT Al R BeRZE RN A S Al B R EE T AloT RGNS A& 1t H 6 2 R A1
P, A&LIM RO RE
o FPREEIERAN. MAREESSCERIRIEEL . JEI . NRLEESE Z RIS EURE
o B SCHE: UM P E S BOCAR I R
o AMuHER. FTRERA(G TingML. MiniLM. DistilBERT)32E47 A ith ) I
o HPZH: Mdifa . EIEA sl sE 55 P AHE;
o ATEMfMA: MRIEFARLE Rk H MCP TSN, AT B3 ) a5 B = ik
Al Agent 52 R4 TES AN D ST S, BEERRISZHAT B 4TS5, AR E TS5 ZRHE
25 MCP R4,
2) Al B RefADIReL 1L
Al B REIR (Al Agent) I RELE MU EE 4 BT o
Table 4. Functional structure of the Al agent
Fz 4. Al BBEIRINRELEH
Al Btk (%)
o BB (IR AR RAE)
o T SCIRFIE Y
o ARHIAEEEAR Y (R AR AY)
o Ul 22 BASH (il 515 & 57 T)
o MCP % /7 i H (W R A El %)
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3) Al Agent 5 MCP [ [E 2% &
Al Agent FEAN BRI A5 R S Z AL, TS5 MCP R&EHHE TAE, TR NE 5 B
ZN D

Table 5. The collaborative relationship between Al Agent and MCP
= 5. Al Agent 5 MCP ithE X &

TR E Al etk MCP % 3 MCP % %
BASHA  OTAIREUE. BUCHSER  EPREAWRIE L BlGER. BHES. ARt

SEAN WSS SE LA A R RS54
ik JiLFE A MCP %3 7 MCP E%g’f RRAES e | o e T B U
MY BNRMIENANER AR RGO A LM S
BT 5 R Pl ST RS AT 5 R B

Al Agent ZIAZMEIERE “PATL SR . MCP 2 RGHIEAE “WEEHAX” o JERDRAE S AR S e
J1 E#Z MCP, Agent ¥it43 AR AL . ma B SE SN JE DR RN S HAT T UTE Agent, RETEARE

HAA T RA e . SR STy R 1. IR0 T ME, ERE 7GR AGH LRI 2 i3 AloT
REfARGE. K8 Fniig Al & EefA S MCP ByH FIFLH .

FBF®A

AlERER
(D5ER)

ERES
v

2p
Re
P
He

&

\
MCPZE i

API/JBE
A

MCPRRSS 28

AT

\% v
TERREM TREUHETE

A\

e REBTER <<’

Figure 8. Collaboration mechanism between the Al agent and MCP

8. Al EEEiAS5 MCP pIthEIHLEI
5.4.n8n KIEZEIhEE
1) n8n & —F IR AMRARD B 3t TAER 512, HEEIREME 6 Fix.
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Table 6. Main functions of n8n
5% 6.n8n = EThEE

ThRERH TheeHiiR
AT S IR AR BT I EE S A R, M A SRR, TR
EQUPCIIRE 35 JEA S HF HTTP. MQTT. WebSocket. ¥idi . i RGN0
Webhook ¥ Wt 55 i & AR NANE R GAT S N AL FRWCRE Al Agent B MCP (135 3k
gl [oEEE St SCHF iffswitch/merge %557 3088, 58 UT S5 AN AL
SE I 5 F IR AT FIARE S ) FF R EARIRES B B PUT AR SR
itk 59 AL SHFEH E X Function 35 £1(JS BIA), ¥ EZ AR
2) n8n 1
TEA AloT RS, n8n (A% OAE AT REHE 9 AR LR
> AESIATHR: MY MCP Server TR ITHRIMES, BEPAT &R TR HREBIHRI GRS
S A5t
> THEMMEZ: BRAR&E APL BHERIRS . IMTRURSSE8#IE, MESIITE
Al Agent/MCP fif#;
> SFAFIREN B ST HE S PR EANTE RS YU AT RS, W: BRBITE AT, AE
WG] s
> ARG RUEE: TS HUTE R A2 =7 G (W ThingsBoard) 5l [1145 Al Agent, 58k “473) -

AN - R AR

3) 5 Al Agent Il MCP [ 5% £
n8n 5 Al Agent fl MCP # T AloT R0 & - 2 - $AT = Eh RIS, HEAEKKRINE 7

Fizso

Table 7. The collaborative relationship between n8n, Al Agent, and MCP
%% 7.n8n 5 Al Agent #1 MCP H#E % %

B4 B 1EA
JBENIAE 2 Al Agent B PRGBS EIE ) SREGA SR AR . IR—REES SR
HEFR A MCP Server ST B bR, VA A R AT S AR 5 R, AR kAT TR
PAT /5 n8n MR R & A& P T RS APL SEBBERIT SRS RS

6. Al BaelEc5 MCP IR M EEEFEITH : BHEEENHXH
6.1. F{—FH.-.M:.E_

EREBWHE ST, ARBEANENEFRE, SRS EE PR G RmP M. RAFHR
PR PRI &5 SERf IR EE . S AL B K EANSARIEAT S A RN, SEELan R ) AT E A
IXSAEIE SLHEA AR BE M B .

6.2. T HI

o HJEML A BTJH(CN-Hangzhou)
o CYETHFIE]: HEE, =AMNRE 34°C, A 78%
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e J35: Room 102
o ' AMERESHEN, (WIFTIR. BrZifsE

6.3. AFIEK
P @ RSk BEAEE B 5N TE 4
“UEIE R AT IR — . 7

6.4. RGHEIRE MK
T )5 S ) SR G A B 8 Fio o

Table 8. System module composition of the hotel use case

% 8. BIESKHIM R GIRRA RN

B ThRE A
Al B REA WA P R4, REGEE, WA MCP & P i
MCP 7 J i EAES, 5% MCP RS2
MCP JiR % %% FEE R, HRIMBAURE S, ERRIT R

nén TAERSIEE, Gt T AU AR ST E ik
loT AT % L BRIBAL. &AL S06, 8id MQTT/OPC UA il

6.5. n8n SLIRIZ (L5 E)
T E S n8n FEAZINEE 9 AT o

RFEA

Webhook: REI S HERTER
v
HTTP: &ifiBEREER{ER™

v
HTTP Node: SREUR T MBI SIRENE

v

Function Node: I EREERTER

v

HTTP / MQTT Nodes: {ZHI==iR. FRiE. XT5%6. B

v

Return Node / MQTT: JR[E]AI AgentRIZEHE

Figure 9. n8n workflow of the hotel use case
9. JEEXHIR n8n RIE
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6.6. SEPMESKIBFREH
K H Al Agent 115 3K (Webhook %1 \):
{
"task™: "adjust_room_comfort",
"room_id": "102",
"location": "CN-Guangzhou",
"user_pref": {
"temperature": 25,
"humidity": "dry",
"light": "soft"
}
}
6.7. SMPSRERETT R
GET https://api.weatherapi.com/v1/current.json?key=API_KEY &q=CN-Hangzhou
AEENCIR
{
"location": { "name": "Hangzhou" },
"current": {
"temp_c": 34.2,
"humidity": 78,
"is_day™: 0
¥
}
6.8. “ERRIITIHRI(Function ¥ iZ48)

const weather = items[0].json.current;
const plan = [];
if (weather.temp_c > 28) {
plan.push({ device: "ac", action: "set_temperature", value: 25 });
}
if (weather.humidity > 65) {
plan.push({ device: "dehumidifier"”, action: "on" });
}
if (lweather.is_day) {
plan.push({ device: "curtains", action: "close" });
plan.push({ device: "light", action: "dim", value: 30 });

}
return plan.map(p => ({ json: p }));
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6.9. #FHHELTR(HTTP/MQTT)

ZNGE
POST http://iot-gateway.local/device/control
{

"device": "ac",

"command": "set_temperature",

"value": 25,
"room_id": "102"
}
6.10. Agent EMERIFHNAET =
{
"message”: "5 A DA 25°C, BRIBIE CITE, [Tl . sl Emht
}

6.11. EeEHRnss
975 S R RE P U 9 T .

Table 9. Intelligent features of the hotel use case
9. BIELHINE T

HRRRR SEFALH
ALY M P REF + 2005 A28
3 5 BN () K5, API 111y is_day
PEE B LR RAEHERE + ZHERIR
Z LR RS ndn AR BT + SkfTE
=1 IE A Agent 22 H. + vt MCP &1iR 1 H

ZB R TR B E AR, Al Agent 5 MCP {1k FIAC & T id i n8n SEILIH ] AGH XS 1)
UESSEAE - IR - BT IR . RGBT B ARE IR K, IS RES) A NI
AR MR B4, R T AloT B BEIA RGN B EY R 52 LEE T

7. REGRE
7.1, mgE

ASCEISEHF AGH GEH AN TEGE)RACH 10T BEEk RS, RHIFLI 7 M. Al . fbk
11t AlOT RGE5EH). 1ZZEKIBL Al Agent 5 MCP (2 41T 5 IR 28) W EIW L AR L, BB il St
At vt H ARSI #E08n) 5 10T 6 (W MQTT. OPC UA)ECHEH AR, A&LITFEE
g
o BN - HHEFR - BATHER: SCEUM R RN BB SR S A e B e A AR
o (RS RAL SHIHEE: Al Agent 1572 B 5fih %, MCP 3T 45 MR 5 T B, —FHIH5imh.

s
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DRGSR G SEASHEE: RGP R, A B 5, ShSREAM S, R RS
B REM N RE 7T 5

RS G RO G —, SETIFREARME, ETRME TR R,

SR R R R SR R A S, SR SRR R LS R K SE M S T

W FREF RS S, A SCIGUE T REETI ) AGI BB AloT RGTE M HTH AR FAF T 47 %45,

NEI AR AR S ERMESS H EPUTREIRIIRAN AN TR BE R G BUE T 20t
72. BHE

ARG O 5 Re LA12D Sl AGH B REIR IR ORI, (B e AR — D0 E 5L

J3 T

A LLM SRS (R i S il TR0 Z %% LLM (40 TinyGPT. Phi-2) 135 475 T I 5 Y5200,
JEEETRR A B OSBRI AR THE R M e S5 A Hh [ 32 R

1R MBI REATH H o AR SS RIZE T I 558 LLM JRE 730, AR AT 5N 5 5 (4 E R &
B (U Plan-GPT. AutoGPT), 58 R GufE £ F0 4T 55 MRS AR AT 55 R Iz AL RE

% Agent TF 5 A S BEAA T IE . 2424 Al Agent HB7E Al — S BLAR S, A0f SEBL 434 5% MCP
RIS I RAR YO B EE I T 7 1

RIS . 7E2 Agent 5= F GRS, FTdk—Dnsi g tiAiE BNz 5 id 2k
R, R ARGUS TS S &R

TN B ST EHE . 582K TR LL Docker +n8n + LLM JyRLflidsh s R45 10k 0 A8 1, KATITUEHE
RS EERX. FFERY . BReHlE% AloT & H AU,
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Abstract

Endoscopes generally refer to medical devices that enter the body through natural cavities or arti-
ficial channels to directly observe internal organs or structures and diagnose diseases. They are
usually composed of optical lenses, cold light sources, optical fibers, image sensors, and mechanical
devices. This article introduces a miniature 3D endoscope solution based on two image sensors and
FPGA. It can achieve three-dimensional imaging, thus providing better spatial display effects, and is
widely applicable to minimally invasive surgical procedures.
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1 58

T B AR 2 BN SZ BRI T, T2 B T BT MR, RN 2 i4E
. AE LN FRBE MR FRES &, FAER EHE RIS ARG E GL, T UL A
BB BRI AL, RO AR, MR BHHET I =465 5.

AT RIET P R BB AL AR A0 FPGA LSO AL T7 58, 1S s bleomdl i R ke R:, AA
AN R RS GRS, DR LTS5 A

2. RGBT R
21. RENAE

FPGA J& Field Programmable Gate Array 1465, AFREIIA AT w2 1RE5, & —FhE ] B e
BRHLEE, FovE AR R I I AR R TR S AT AR, DA E TR . FPGA B AT AN RE S
W A EARIER R, TN TE S AR, BGAEE. Tkl S,

J2E4 LR OV6946 5 Fr, IEits A /& OmniVision 24 &) [ 7] B2 97 1 41 /N g e iE 1], Kb
XA 0.9 x 0.9 mm, i EUE 5> #EZ 0] LLIAE] 400 x 400@30fps, F:H A &K ISP #Jc, W LASZIL BLC.
AEC/AGC Fl MWB %5 G Ab 3 . BIAE N 4B ak LED REBH, 7EEF2% 5 v DUREI K/ 1.2 mm 2245 s
4, ZAFEHARE SN B E T N . 51T OV6946 A B i i UG RS S, — MR 72
fic A OV426 O i E2[2], ARkt DVP B 5 5.

AR5 REERH F OV6946 (O Fr, oA H MBS 5@ OV426 ¥4, JRilid DVP B iEHESE
FPGA, FPGA 5t EZUSB FX3 i3], LMLz BIML.

22. BR¥R

1) BN, &SRR 35

2) WUH AR = e SAGASETT 5, AT ASRAE BE 47 AR ST AR BE R

3) FIH FPGA (132 5 fil &5 AN UG AL K2R ()25, T ASEELPIAS Pixel LA IOWIEIZE o IX7E A4 R
B L — 2.

4) LFEIMW A BEE, TR ki, ] 3D k%5 /2 A pk 2 BT B om 2 4k B4

5) WAMEECERIIEAS, BESCHREBSE PC, i PC AMELZK B RIIEG TR, W E Mm% 3D
LB AT .

3. BMHLMHER
3.1. Nl

i b, AT KP4 OV6946 + OVA26 it ), W F OV6946 il LED F W 2H B i i (14 #5443
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Ji5 i HL B ARCEE i FPGA PR OVA426 58 Fr, 1if Al ) FPC BHFZiE sz, nl DAORIE Sk i) R & 1 . PCB
FAEH FPGA K& 545 BAYER #XMEME, IFEANMERNR ISP LB IT, AH M PIE R & &
FEABEARME, @ik HDMI # £ 5o 3%, Bod 3D k%%, nlLLseHl 3D dg i %. JFH, PCB B4
T EZUSB FX3 sk, it Aritkr) UVC KX EUE, w1 LUEFES] PC I, 8 H WA VLC S22
7~ 3D Ef% .

BB AT R X OV6946 [, PIAMBLH JFHERE R [E e, 768 FEI4E K LED FRIfot. PiiMedl
{55 0 LED MR HJR[FIR 250 FPC HHFL S B 25 TH AR . FPC KB T LUE S, RESCRER
WK EE, R ESFAREH.

3.2. EREEH

T R PR 2 Sk 3 FPC 3R HE LR T 12 31 e T ) LB AR . LB AR SRR T FPGA, PRIk Z 4h, B

T A DDR3 X16 ik, 4ok 32 iz DRAM. — i HDMI it Fr 25 rT & 1) HDMI S, 7] DAAME R s,

—Wl EZUSB FX3 i3 fr, A BLiERE: USB 3.0 3] PC.
AR IR EE R EanE 1 s

0V6946 0V6946

PCB

EZUSB FX3

Figure 1. Overall hardware architecture

1. B EEAE

3.3. FPGA B 5 /v

FPGA X Fil AMD /A & )7 i XC7Z020CLG400-2, X /& ZYNQ-7000 Z 4 HI A gafE A | R 45 (SoC),
BT FPGA X% ARM Cortex-A9 A BEZY, &M T AN THE (E5 408, Tk A3k & m kg s
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o HFBHR A
1) FPGA + ARM 4bH%%: F F4ERL T FPGA 2451 ARM Cortex-A9, 38 F T N 2 BRI AE 14 in ik
2) mtEReE DSP iHE.: NE 220 4> DSP i Ht, EHTE SR, EGAEA Al .
3) RiGMI 1O Biit: SCHFFZ R 0(USB. PCle. UART. SPI. I12C. CAN. SDIO).
4) FEAA#ELTT: NOR/NAND Flash. SD/eMMC £fif .
5) RIhFERIE: @& TN b At B R St

3.4. 3D SLZE R RIER

3D Sk # T R — R AR A B R AR K R ITR 0 =4 BRI BLARS . HoA O 5B
IR ZE =g, BRI, 3D Sk#sil Sl A SR b (— A i IR IS 1R ot BR) 2l ) #
—RIRBE, I B EOR (k) iR R IR E BN K B . XA NSRRI ZE AL
e AR HRIE S BRGSO A, S R fr B AL TR LR o

RIS, 222 A IRE B W EGEHEA AR GETREPSLEEIR), K RX e G as ek, mE=
HEFIR LA, TR B HL BT AL SE A6 -

FEERMY b, 3D RSk 5 R 7R B AR W AT LUEE HDMI A PC B BRI B & BI AT . PC 2o i ]
RSEm B A ks, RN IE T DO T ) B 5 ) 2 AME I B as, PN ES .

¥ 3D Sk BATIT A 3D MG, AMRAEIT K%, RUAr g s =4ER1ME.

4, FPGA EMA R
4.1. FPGA B{kSCIHESR

FPGA RZHELEUNKE] 2 Fin. i ie#fit it AX14-Lite Slave £, #:#i3] FPGA 1 AXI B4 |,
DL AT DL ZYNQ-7000 56 F [ ARM A S8 7E 28 1305 PN i 25 A7 oy, TS S B e
FLARK] FPGA T B E i 2 A

AXI4-MM

\

Namg Sink (FrameWrite M

HDMI

Figure 2. FPGA block diagram
2. FPGA &51E
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4.2. OV426 1SR

FPGA P EBSZILM A OV426 ik, it 10 £ DVP 421140 5 5 OVA4A26 s, & szt &
% #He SCCB #ilk, HTHIGGLAEL S CMOS MIECE, thin P, JFE K NESH. R495H
WA A K51 INT o 1) ARM 4R .

TEULARZ, ESRIANLIEIE T7 R — B2 T 5 LA ASIC, N T SEBmi[E, 16 BJE3 kb e
1“7 R, M7 e R TG RIE R BRI FD . WA T 3T FPGA, TEHAS OVA426 Fibh
FIAER 4 AT SYNC_i R8s, MAMNTg— Ak, X o] DIEREAF 2L 2] T s U “m”
[F20 . SEORah R, ARI7EALUAR] 2 4 Pixel LA HIMIE D .

OV426 HEHBCTHHEE & 3 Fros:

0V426Control

SCCBInterface

0V426ControlRegInf

SYNC i
scL

SDA
HSYNC_o
VSYNC_o
DATA_0[0:9]

Yivily

AAAAA

ACLK_i
ARESETn_i
AXiLite_i

AXidLite_o
INT_o

YIVVYY

AA

Clk o

SCLo

AAA

SDA_o

HSYNC_i

CLK i
SCLo
SDA_o

VSYNC_i

AAA

DATA_i[0:9]

HSYNC_o
VSYNC_o
DATA_0[0:9]

DVPInterface

Bayer2RGB

Figure 3. OV426 block diagram
3. OV426 1EHREEHE

4.3. EZUSB FX3 #&4l1&E1h

FAIHLS FPGA [iE(E K H EZUSB FX3 i, H g« A w4t 1 RG] USB #5148, #2415
Gbps I B AE s 22, SIid B2 KT 260 Mbps. 7] EAAE 46 1080p@30Hz FIFEAH - % T~ 1 £H 400 x 400@30fps
MBI, SERRs B8 58 4% 1] .

FPGA P58l EZUSB FX3 #iHe, @it 10 173 155 EZUSB FX3 #iBuER:, fE4sehf Eg . i
SEPURAENL WIS E R R X B SRR

EZUSB FX3 #i i tHHEE Wi 4 fios:

EZUSBControl
EZUSBControlRegInf
P FLAGA_i
P FLAGBi EZUSBBIlock
| SIRD_o0
- SLWR_o
g = DATA_0[0:9]
P ACLK_i
P ARESETn_i FLAGA o P FLAGA |
P AXldLite_i FLAGB_o | FLAGB_i FSM
- AXi4Lite_o SIRD_i P SIRD_o
1 p INT_o SLWR_i [« SLWR_o
DATA_i[0:31] | | DATA_0[0:31]
Figure 4. EZUSB block diagram
[E 4. EZUSB f&R&EH &
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5. FR{4seIl

5.1.

EZUSB FX3 B HI3cIR
EZ-USB FX3 2 Fh TAER, LA AIF PN 75K X i nT Dllid FX3 RC Bt 17 R 3G

DI, T NLAS ] OB EOR AR R . L AR A

&,

5.2.

1) EHUER. FX3 7ERN USB EHLSHME USB ¥ & HETiEME .

2) HhEAEEt. FX3 1B USB AMAIZEREE] 13 USB F L.

3) Hnfeial. SCRF USB 3.0 1, SRB s B A NI, s AR AR AR

4) UVC (USB Video Class)#M iR, FX3 7834 USB ¥ %, it USB £z &S -

5) GPIF (General Programmable Interface)tsX. GEWS54MEHHT Ry 56 AR AEIR A 14 4 -

6) AP, FVFE RS Ho A oM 5 [R5 i dh 47 B0 58 e ol 147 s 1 PO R 4

7) bt B S AN T R AR, & TR BB TR AR R .

TEARH T, @Bk FX3 M, R TR HE T, EZUSB FX3 fit bulk SEif £ %
FRIRHUES R /N 16 KB

ERIAIRBhSEE
N T R R SERS, 1R E RGNS PERE, BB IRE . ACBANE R 2 R D (K 284,

o m i 2R e A LA ConcurrentQueue 280, SRAHAES= - WS BB, Bl R N~
H BERERM BB G S, I TARE R e, IRENIK e Bk, A8 R Gt SEME,
PG AL BEER ARV E i 93, MGZoh AR B Bt,  JFACPEJS dispatch 2 GUI ke, X AE AT BLARIEF] /
G i i .

ERIHUER S FPGA B it B4R H A2 SR D B3, PRAEAEWUECR () 56 B bk -
EREHLEAT I 2R 0 S P

GUI Thread

USB Bulk Transfer

dispatch callback

write done

FrameBuffer

(ConcurrentQueue)

A

Blocking Read
n

dispatch

v

Figure 5. Software architecture

B 5 RSRAE

DOI: 10.12677/etis.2025.22009 120 MAREAR GRS


https://doi.org/10.12677/etis.2025.22009

53. EAIERFE

I, T R A AIEED, {F PC WIFRAET QT M0 GUI L SRR, TSkt EpiAN e
{50 P TR 1 92 PR RS SR AT 2 S5, 4 A PO SR L A7 B, RHE LR < 400 x 400 fg
{525 PR 45 PRI 200 x 400 HIEIR, FH7E /247 B B

Sl 9 A R R ) 6

Figure 6. Realtime image picture

6. SKRTRRIGSEE

6. STRIENR

BESRRT, C5ERra WA, B TR, JFC N T 2R AL szat

< 7 FE7R 3D N BB 1E AR DL FE AR A 2 Al ) ) S G R G B L5 hniE T 3D W BB A
R ER 43 A1 3D k7.

Figure 7. Finished product picture
E 7. RmE
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7. RFKRE
KK EELE LTINS SR 3D WELBL(E FPGA L[ RGifiAL[4]-[6].
7.1. FPGA Rk E R 12
1) SEAADCHES: FPGA Rl HmidE3E T 0 H ok % H AR SE R B TH, 3R 3D MR i szhd ok .
2) BME M S51058. W1E FPGA WA EIRIE B #s, DAIGsRXT LU, ik BTG i & .
7.2. BREYE

1) SC R ESE: 14 FPGA ik JPEG. JPEG2000. H.264/265 % [E48 5%, /b ¥aa 76 75K
2) B ISCRE: 40 MIPL, LVDS %682 111 CMOS, 2 m P #L 5t R 40 I BUE AL a2

7.3. Al 5E&R S
AR S 58] 3T FPGA SEHLARZINE (U1 CNN)IIE, P THiA8kadll, 415150 2% .

S8

[1] OV6946 Product Brief. https://www.ovt.com/products/ov6946/

[2] OWV426 Product Brief. https://www.ovt.com/products/ov426/

[3] Infineon Technologies. AN75779——n{a{# f EZ-USB FX3 7 USB LA (UVC)HELE P S B MG A% I s 4 2],
[41 BE%. DR TN SR RGBS WEFE[D]: [t 22 Ar 1830, REE: REEREE, 2019.

[6] ETih HET ZYNQ K s N BB ICR S 5164 R 4Bt [D]: [ 2 A0ig 0], KiE: KIEH TR, 2023,

[6] GkEANA, k7K, Ffllg, FHeE, A, ETEELNE NEERIERAEN 3D kR E 5RIEN]. JE%E,
2023, 45(3): 30-36.
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ETSCDAYUS0AH % B OpenHarmony
BHESERHR
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Abstract

This paper provides a detailed introduction to the porting and adaptation process of the OpenHarmony
operating system for the RunKaiHong Hongrui development board SCDAYU800A. The SCDAYU800
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development board, based on the Pingtouge high-performance RISC-V architecture Yieying TH1520
chip, features powerful Al computing capabilities and a rich set of functional interfaces. By adapting
to OpenHarmony, the entire process from product definition to toolchain adaptation, kernel trans-
plantation, and driver adaptation has been successfully implemented. The paper focuses on the ad-
aptation of the transplantation of the Linux kernel under the RISC-V architecture, and the develop-
ment of the touchscreen driver, providing practical references for embedded system development
based on the RISC-V architecture.
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1. 531§

BEE RISC-V fRAEAEMMIME K RE, BT RN RGAE Tl ih] . 5 Ae & 5 U85 3
TTZ N H[L]-[3]. EF S E & iR SCDAYUSBO00A 1E A—akmtERE RISC-V R &, B&EKH
Al HMEEKThieR D, EHT 2R N5 . OpenHarmony /& —AN B4 A A & Tk A TR T3 4
£3(OpenAtom Foundation)JHFEIH . ER—NMema iR EERG, BENSME LSRG 1
BRAEARDS o ASSOK EE AR AT # OpenHarmony 4.1 Release Jif A< #4248 2131 -8 1 45 T & #i SCDAYUS00A
F, ISR EIET .

2. AT MM EEFF & R SCDAYUSO0A TE{H414

TETT IS 88 I KA SCDAYUBO0A H4F- Sk B =i PEfRE RISC-V 2244 B2 TH1520 &5, SERK 4 stk
At RISC-V AbH 2% 2Bk CO10 ZEAy . 84 H & #k SCDAYUSO00A HIZMI U 1 B w

Figure 1. Runkaihong Hongrui development board SCDAYUB800A appearance
1. SEFF B I &R SCDAYUSO0A HIFh I
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ZIF RARIL A LR AR

1) Al 5773k 4TOPs, SZHFEF . 540 AUMAIHRA% L2 TRt

2) ZCFEZ ML NS #2140 MIP1. HDMI %%,

3) MLFE Y BN, W GPIO. SPI. 12C %,

4) EH T IR BERR. R NVR. BERMALS. ~%m. FRhEELmyst.
2 SR 7 IS4 T & A SCDAYUS00A Mipi 5 %5 2235 (1) J7 2.

Figure 2. Runkaihong Hongrui development board SCDAYUB800A Mipi screen installation
2. JEAFFIBIBEEIF &R SCDAYUSO0A Mipi RER%E

3. OpenHarmony & %2

BRI T N — NMBIT IR B 5 — NS TEENL - FFRN R XBUR, R E
Bl R T T 83 B ARl EigqT . 3 IR T OpenHarmony ##H | SCDAYUS00 i FE 1% i o
OpenHarmony A% £ 20K T 3.2 Beta2 LA JiA .

‘ OpenHarmony i A< i #% H: OH 3.2 BeTa2 Bi# UL |

!

Vendor/thead
| e {
Device/board/thead
A%
-  LHH {
HESE
Clang
‘ i PEIE L }- Build ~|: RISCV6422H4
Muslfic &
W%
| o
Fofb
- PR SR
BAT IR }-‘ Launcheri& At

= Audio. caremaZ BBk

Figure 3. Flowchart of porting OpenHarmony to SCDAY U800
3. OpenHarmony ##& %] SCDAY U800 KIFFEE
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OpenHarmony # PR AHE ™ fhe L. T REEEERL . musl FEERL. WAZFEHE. init B3 R4
. EoRERE A T[4]. LN 2BEDE.

3.1 FmEX

7E OpenHarmony FIFSHEIIFEF, 7= 5hE & FERID IR . 1% OpenHarmony FrvE RS0, IERCHT I i
[ 7 ¥ 4 1 e B AE vendor . device/board A1 device/soc = AN H 3t T G & 77 5 A K = A H 5
vendor/hihope/${product_name}. device/board/hihope/${product_name}F device/soc/${chip_product}/${chip},
LL SCDAYUSO00A Mfil, £ 4717+ product_name % & A dayu800, chip_product 1% & thead, chip 1%
# v th1520.,
vendor/hihope/dayu800 H 3% = ZA7 ) K BERELA L= dh L B S, BFEHIA = &) config.json. 7=
ain F4 hes o S DL A e B SCPR4E
device/board/hihope/dayu800 H 5% % FH T BOF KAAH G S, AHESMEIKEN . BaZ4. Wi
GRBEAH ST esRAH IS SCAE uboot AHIE ST LA B TH A5G SC A
device/soc/thead/th1520 H 5% £ B H T /7 HURE A SoC ARSI SO A, X 2630k H 2 RE A soc i
BA S, MALE NIT R AT
PR LR = AN 7R 5 ) Be g Bdad 17 iy, 9140 rk3568 77 i, SRJEREHAE UL —4y, JFE Ay
ZONHEE A, REEB LT R RRE B O R AT B e . AR Bk, EOR SR EAE
/Ivendor/hinope H 3% 1% dayu800 F= i H %, FF€I% config.json S0, H-FH#E ™M FrERH K SOC &
BT R4t BLESCHFNAEW 5]
"product_name": "dayu800",
"device_company": "thead",
"device_build_path": "device/board/hihope/dayu800",
"target_cpu": "RISCV64",
"type": "standard",
"version™: "3.0",
"board"; "dayu800",
"api_version": 11,
"enable_ramdisk": true,
"build_selinux": false,
"build_seccomp": false,
"inherit": [
"vendor/hihope/dayu800/rich.json",
"vendor/hihope/dayu800/chipset_common.json™
1
"subsystems™: [
{
"subsystem": "security",
"components™: [

{

"component": "selinux",
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"features": []

}
1
}
I Hoph v RGELE
]
}
ZH 4 MR- vendor (Y15 3, 7E/Idevice/board/hinope H 3 TR — 4 dayu800 fJ7= i, SRJEEIE—
A ohos.build SCF 52 7= ) subsystem A& BUILD.gn & = b A4 1R 3 H
#E/ldevice/soc N AR A & L AR B —A thead 65, 7EHL th1520 soc HH 5% AACRS AN R A, @i
//device/board/hihope/BUILD.gn ¥ IS HLEAT RS 1. 1% R 1 ohos.build SCH-RER 1) 2 % %+ R4,
X AL 2 device_th1520, HHOCARRTE ZLRHE USRI SCAHME SO YT R &I T R4 . [FI 75220k
ohos.build f¥] module_list = (A He J 7R3 K (1) part_name Fl subsystem_name 4= #&HCh de-
vice_th1520.
2k, ATBLER S AR 4, JE3) dayusoo R
./build.sh --product-name dayu800

3.2. TESER

KDY 77 1) OpenHarmony ANSCRE RISCV64 284y, [RIMAE T H B S8 kg e & AR SR U E B ke R B
ACNAE, B build & A SERERD, X E 7 ARMG4 T B KR 2 34T AH R RISCV64 42
PN, TEEXET musl (4 PERC B AR YE RISCV64 BT RN, PO A 4 B o AR 7 Sk R R it
Mgmie T HEE, v 258 R 18 2L 1R [6]

3.3. musl EEiEHED

musl P — M RGL. BIERE C BRI B, £ Linux R, & B AR EERRE NS
P PR PE AR ALHE, JLHOE A VRS 0 9 PR B (I Docker) 7 2B RE AT RS RIME R . i
U SR must A DN R B SN b, REALHRIUR RISCVBA YUHsh v L4 HE 5  4
BRI G E B F) build BRI E . musl €11 RISCV64 BELE , LLJ musl 5 A 284 11
RS, X —Pei5r M glibe FHFREL.

3.4. REZEBE

W% HE /& OpenHarmony #% i B2 Ho AR o P15 o T8 450 0T & B SCDAY UBOOA R H -1k i
BEAY Linux A%, &G OpenHarmony H1 . %5070 RS M B ZEXT Linux A A SR A, () S AH 250
SNZREZ AL E R AR . RN TAEM =22

H— BRI E AR R AR A

W % B %% % & device/board/hihope/dayu800/kernel/BUILD.gn ' kernel #& £ B 6F & H 3 F #9
build_kernel.sh JHIAZEAT a1 MIAS A% 0 AR B 2648 DL A RS 2] out/kernel/sre_tmp/linux-5.10
AT, A ANAZIERS 3T - HDF (Hardware Driver Foundation) ()b 1, 4R J& 76 A A% 565 b 1] 2 vendor #%
PRI CRE (3 B BT dts A= A Ik Eh), SR J5 K9 1) config SCAFH% U131 arch/arm64/config
BN, KA dis SO DLF] vendor/arch/arm64/boot/dts/hihope #5645 T, 1K S S5 IR 5h 542 31 N #%
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E

BN BEHE UgR IR E 1% 2] out/dayu800/packages/phone/images .

5 DR SRR dts SEREHBAS AR OR, SRS G 19 A A% AR R L PR i 9 )

=R R B ARG RN arch/arm64 T HARHL /S AT REHL B 46 5™ il linux RGN EE, RS BN LI
PR LR L FR) 126 1) 8

7t device/board/hihope/dayu800/kernel H 5% & HEAT W% 9 1% o B A 1% LA A B AR RS 9 13K FH ) 22
OpenHarmony KA [ £ llvm T H 4.

X B R S AL O G A2

#OE RGBT S AT T A S

/build/prebuilts_download.sh

# AR

/build.sh --product-name dayu800 --gn-args full_mini_debug=false --ccache

# R T

# module_name %44]: "kernel:kernel”, # xZwi% kernel H % T kernel #il, B J5THI kernel /&
module_name

/build.sh --product-name dayu800 --ccache --build-target module

# NIZR L

/build.sh --product-name dayu800 --ccache --build-target kernel

P BRI a0 R S BT ED

[OHOS INFO] c overall build overlap rate: 1.05

[OHOS INFO]

[OHOS INFQ]

[OHOS INFO] dayu800 build success

[OHOS INFO] cost time: 0:45:57

=====build successful=====

2025-01-18 13:06:52

++++++++HH

4645 V8 I 160 A % 4T 6 boot.extd B4R S0

505077 i linux (1) configSTE Y 1) 2 A8 AR Ik

FTARIBIT A, FFRIEIS AT N [ AT B R o
3.5.init BRI FRGBE

FERYERD musl FEATNAZ S, 5 EEE RO )28 — A init MR A AT e B S0 . 32 TR
1) 4wiFiE A startup_init FEbk,
2) BLERNSH, HIRRFREW IET B3,

3.6. BRIEHE

BIRER AR RG R AR, EEAREUT AR

1) 7E shell F1iz47 bootanimation, #i{#)5 Zh5hHE 1IEH EoR.

2) iRk OpenHarmony ) Launcher Bk, 58 RSEE 5.

3) ZMEHLEE K )6k graphic_graphic_2d, fUR%#% 1% foundation/graphic/graphic_2d, iZAdE &l X
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47 TG
4. FRIZRIBRIT &

ik 0K 2 ) T8 o8 86 T R BR SCDAY UBO0A [ L B4 pii 7, LT R I FE 5L T HDF DK 4 HAE
ZEAR Input AT Al 5 ) DR 4 5CE 76 I drivers/hdf_core/framework/model/input/driver/touchscreen H 3%
. RS A B OR 5 32 B T AR 2 1A RGEVE M ChipDevice BEAYS2[7]. fib 85 BE 0K Sh ) 32 5 T AR 45

1) XA HEOREN 1C BT L BC B AR R LA RS .

2) JEM T, T E @S H (12C 5LSPI).

3) WE Input AHCHCE . A A BT 55454 .

P 4 SR T A B R i SCDAYUBSOOA fit #5557 1 F 45 .

CPU fitkefe it B ENIC
LDO_1P8 LSV L) bo 1pg
LDO_3P3 3Vl bo 3p3
RESET RS ) REsET
INT IS Nt
12C_CLK RCH #E5 > 12C CLK
12C_DATA RCHERS 12C_DATA
SPI CLK SPIF £h{5 5 > SPI CLK
sp1 Mmrso |— ST EE oo viso
sp1 Most |—SPEIRES o viosi
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Figure 4. Common pins of the development board SCDAYUB800A touch screen
B 4. FF&#R SCDAYUS00A fiii B A & Al & R

T 8 90 458 - % B SCDAY UB00A i #5557 BX 5 1 o o
4.1, &AL E

7£ OpenHarmony ', Fi & (Configuration)ili 7 $5 X R4 AHAFEN AR T IS5, TR ThRERET 2
HIFNVR R AR, DA R R E WA B R R . 75 HDF IKBIHELL T, 75 2ErERe B Ui gk sh(E B
WARIANLE A Input IRS) B AR = 2005 B G B U AN :
vendor/hihope/dayu800/hdf_config/khdf/device_info/device_info.hcs, HDF HEL2AKHE 1% L B 15 )
PR SRR PRI . BCE AN AW T :

input :: host {

hostName = "input_host";

L AN ZANDER, I BASH A

ESLHLXT Input

priority = 100;

device_input_manager :: device {
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deviceO :: deviceNode {

policy = 2; IRELAY-Ziili &
priority = 100; /| Jm#EkAk SR
preload = 0; Il N5k 5)

permission = 0660;

moduleName = "HDF_INPUT_MANAGER";
serviceName = "hdf_input_host";
deviceMatchAttr = "";

X
I Feth e il B

}
42. RBEERBHFAFRE
MR B % e AL A T B S E %424 vendor/hihope/dayu800/hdf_config/khdf/input/input_config.hcs,

FCE A AT
root {
input_config {
touchConfig {
touchO {
boardConfig {
match_attr = "touch_devicel";
inputAttr {
inputType = 0; 110 AR A4
solutionX = 800;
solutionY = 1280;
devName = "main_touch”; // &%
}
Il FeA e &
}
}
}
}
}

4.3. FMzRHIREN

TERRAF IR, FEESH T & WU 2 b 0 CLEHE SRR MR AT ), i I s 56 5 F R AR
SCDAYUBO00A ffifH T gto11 filfiht, fRALEEEA:
drivers/hdf_core/framework/model/input/driver/touchscreen/touch_gt91l.c, #/MCHSHNF:

static void ParsePointData(ChipDevice *device, FrameData *frame, uint8_t *buf, uint8_t pointNum)
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int32_t resX = device->driver->boardCfg->attr.resolutionX;
int32_t resY = device->driver->boardCfg->attr.resolutionY;
11 E A b 12 45

A AAA T B

HZS A Va8 T3 M 2 & R 5)

/AR Input HDI #2101

}
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Figure 5. Steps to call Input HDI
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5. &hig
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OpenHarmony Fr#E REHIHTHE T, IS T OpenHarmony fEIE T IS £ & it SCDAYUBO0A L)%
TEIBAT o T NIET RISC-V ZERI AR R G e it TSk 22%, BHA— MM HME.
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