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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
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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.
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1. 5]

Zephyr j& i Linux J& 425 H ) TR SL #0E RS0(RTOS) [1], Hur S AA THFE 5 4 FH Virtu-
0s0 #AE RS, JEHXIAE (Wind Riven)ItI, 5 444 Rocket RTOS. 2016 “E'E RN T Linux 34215 H ,
W 4N Zephyr.

Zephyr 32 T 2 50 SR ISR, AFERE . Bk B, mhpE. JLRCE 344 (Nordic) . a4
IRFEMNALERSE, HOAWN AR T RZ AT, B THRET. R, 7. ok, RIESHR[2].
Zephyr [¥] Apache 2.0 FFIEMSCRBGLE S LEIE RS FH AT RS Fff o 5 S8 R ] S sk A FH 3]

IAEK Zephyr IIHREEIZHT B, FEIRA IR AR A BEZ P8 N, Eclipse K24 2311 (2024 4
I AR N ZTT R W AR 7 ) R, 7ESIRAZ IR &% LA Zephyr FITT & M 2022 4E11) 8% K 3 T
2024 fE[1) 21%, X CAFMBRYLE R LB Y, AR EHR 2 AL FreeRTOS (29%) [4]-

FHEL FreeRTOS %5/NE RTOS MM &, #WHEB AL SN Zephyr RGBT K, SHHEE R, X4
TR FE NIRRT . A SR Zephyr B G2 A1 2 IR BN A 5 SEILEEAT RGi o by, &
R T R & IR AR A W IPE R o N T R T Zephyr RN A, AX3CHE BBC micro:bit
V2 FREREAE AR Zephyr 125 SXEN AN FR T, FF AR REAIEEE .

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 BN AR EEA IR I 2 A B A AR LR R e B &, RO 1 79 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)

BIrp «r” ARFARTT A, a-node SEARYT AT HIFF5 55, a-sub-node /& a-node [f)F75 54, a-sub-node A
— label (#7:4%) subnode_nodelabel. #R%F 2Pk, FEB& M R RAE HBEHIL—, AR W] Dl i
FRES LI I A BN S E R4S, A Linux SCHEERARAEL, 9140 a-sub-node (4164509
/a-node/a-sub-node.

5 JT7s i3 — BRI S PRt 1 ) 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 AT phandle (4L C i F H IFEER) ZEUT phandle B2 phandle
K
BB s LN R BT
e compatible: FRV SRR, AR AMAESL .. AL BEAENREE RS o=
5, WEhE @ A A M E AR T USRS W T DU R R A, BB I
NPT B Bl diz AT HES, 1N UL G B SRS AR 7 22 Bl k.
o reg: HTHATHE, HAgAy 16 gEhlf<ihl, KE>.
o status: FFRRTT AT E . Zephyr 3FF “okay” Fl “disabled” , 4 AR~ 8 FHFIZER . 5
RLIE L, Zephyr FIBKBILTY A 22 N 275 81 b
bR T hRAE, WA PR SRR E] LLsE S chosen ()1 alias (3] 44) 2k 5 Bl B A QRS B8R 2 - 4K 45 &
[T 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 F 3 A E B R [12]:

o description (fiik): FHIRGEE SCAIE FC IR K 15 B

o compatible (FE7:44): RV A& HIIFEAR 440 RL, —ANGR5E SO IS 4 A SR — AN B A A1 250
=B, MNZ B A SN T & 9052 SCAF IR N 2

o properties (JEME): IR T RFAYEE T AR 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. A EHERNZEMT S (3RIE: Martin Lampacher #£ GitHub _E A9/ 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 SCA (< BB R 42 >/dts/bindings/< e 25 4 >.yaml) , FF7E B 45 W 7 25 SO I I & 90 € e 1T A

224, ERFRHEEERT ARG
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)

DOI: 10.12677/etis.2025.22006 66 MAREAR GRS


https://doi.org/10.12677/etis.2025.22006

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): #A#kftLLESkEIF, 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 IIIEAL T, x FI B T R R RO R A BE LR IIE -

%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 28, 7 Zephyr # o] DUE IS iy 24T A 3T Keonfig eI B [13]. &1 R FH A 3 5 7= A=
() build SCEI2IZ24T A4 “west build --build-dir /build -t menuconfig” BIAT#EA #r 447 A (.14 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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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
A LLA “CONFIG_<Kconfig Fit & %> SHEL & AE -

3. ET Zephyr B AR AF %
Amrh, RAVGLESREGILE Zephyr FSzBi ARSI FIFFR, TEBNFRMAR L — 2 g Enig
3.1. FERENEITE—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” GRS BT AW TR, 2 TREEAT A g A “-p auto” IR f0VF west T
HUOT O Ay AT B TR, IR IE ST R AR AR T L[]
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 A3 Zephyr, JTFRIRH JE(WLIE 12, 4 BBC microzbit v2 F#F ¥ TH 9 1IETH) 5 3 5
1) LED iP5 4x Wor {81t 9 2 0, #RJ5 /& LED WIZRATIES] “ATH” , WG IFIaFFEHR )R “Hello
Zephyr! 7 [7HE.

LB EIR T IRONE Z R iE A, M E BR £ (samples/boards/bbc/microbit/display/src/main.c) ] LA
F FREE L — A% microzbit # B ) R A 2 (drivers/display/mb_display.c) 72 FH ) @7 3R 5h (kST i
zephyr/drivers/display.h) T4 78, SCBL 7 RZEThRe, HluwIdaie. FTENEFairBE, DL %R 0/1 H
B 5555 LED %5,

3.2. INKTHEGIFNS & 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. INKTHGIEYSRIESE IR
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% 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 3 e A S 1Y) edge_connector (I £ 4548 ) 19 s R A AR K 51BN [17]7] LA 31, 141 16 1 gpio0
FEN BG4 XERL P2 51 BIGF AR TR 2 B4 TF48), 1SATH W A EH4ME LED, NIRRT RE %

BT
A VA0 7 26 ST, R IR B IR GPIO 2 N s RIS IS, AT LA ledO 5l 4 (1T
R SCFFINFT 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=
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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 BE 5 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 FEL(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=

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

o HAINNA (A accel) Bl 1R FE .

o EHUATAREVEME, 005 R ORI R

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 B4 — A4, (£ Zephyr ARG HH8% st_lis2dh (FE7
BB 7 B AN R RIZ), AT LR F] drivers/sensor/st/lis2dh/lis2dh.c SO & 5 LIRS )18 A] “#define
DT_DRV_COMPAT st_lis2dh” . 4] 18 Fis B2 18R 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 & & IRENHT 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 & & IERNFIELARAD(RIR: Zephyr GitHub {LFSE)

A% 38 T DT_INST_FOREACH_STATUS_OKAY %%, Xt — M IRAEN okay MIEHFE X &I B
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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 ([ 3014352 ),
SRJEZ S N — 5 T i2c-controller.yaml, 7EIX—SCAFHATER] T “bus:i2e” M5 E. B2,
TR B 28 58 BT LAAS A% TS A& T AT i2¢ Sk sl 45

tH T lis2dh IXBNRERS 4 IERAHBIC B, R BT “st,lsm303agr-accel ” (14K 5] . fEIZ1THS, accel
RS R 1) sensor_sample_fetch £ sensor_channel_get p& %41 st_lis2dh BX 5 i) B8 41

£ Zephyr FIFEZ TS, I 325 44 AT DL B Ve MR E 1228 DU, A5 A5 v 1) SR 5 SOA A it
N “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 B 2 —HE s —4T 5 AL LED [ZhAE. ERT— IR R, IK3h 7R EEUTAD 3% 5%
FIBE &8 b ABIREATEIE T H & A “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 SCAFE 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 o, VERZE] GPIO B A s, SIS FZ 4R i -1
W5 AR A SO “led_matrix” T3 55(GEA 4 “nordic,nrf-led-matrix ” )& —#HI[21]. FEEIH
FAVEH GPIO fEAMVE FHBNA RIB TSI T AT 55 KAT, PR Z AR B .

W ERRER N2, TR phandle &~ B 75 (specifier) B I (91 40 GPIO [k T 82 N iS22 4k
HER A B LR, fEghe R — MR AR RN “#x-cells” [IJEPE. AT HT GPIO 2% phandle +
AEIL, HERMERa 4L “-gpios” 45, WAKH ) led-row-gpios 1 led-col-gpios, HiA 7 ERALIX
—JEPE. KT “H#r-cells” JEMERIANT VL E 77 SRS

M 21 FId a] UE B8 5E WA IR A B 25 (115 £ (status A “okay” ), I i BERS 18 FH 1% @ 1R R S e
AEET baseyaml. b— AR, bRid &t g0 T IKEN IR A AT, BlinE 19 R I
DT_INST_FOREACH_STATUS_OKAY %.

H 5 SCREN Sk 3o UL custom-module/include/app/drivers/ledmatrix.h, 7] LA #9X5) API 1 5 4
bR £ 2H Bl (. ledmatrix_driver_api 25440 %€ ), 433 51 57 £ LED H0FEf il G AT B2 B (35 4 A AP AISE
M LED E7~(5E 5 4~ API). {EIKS) )52 (custom-module/drivers/ledmatrix/ledmatrix.c) 1, X 5 4N pRA%is
WS driver_api £5#4)) [22]. BLAE 34 NAZAEWS FE A ledmatrix IXSHIFEAR LS . e, B 22 B
S IR IR R % -

#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 £42H[23], FTE R & IRBNAC B L5 (UL 23) FAEE AT 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 &%

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

7f Kconfig #, CONFIG_LOG FBEEH FHEARBEHHEHE, )@ % I CONFIG_<
P> LOG_LEVEL_X (X A2 )L B 558 AN A H I 900 « 4451 A B2 FH 1 IC B S A4 app/prj.conf @it CON-
FIG_LOG=y fE4 /a7 HEIRE, #RJ5iE1E CONFIG_ACCELLIB_LOG_LEVEL_INF=y 374 accel
B H B0 2 SN INF(ES B) 259 . ledmatrix BRENANSFH ARG & B A H SRR E .

I HERGAH AL printk SHEATECE, Fa0 2 A R A 7 2R H &0 DL B H & 50503
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
24. NHFSEHGIRLANGS
FEGI N GRS AT, B R &1 b, UER LED fEFEA 2 S5, WS ks, —m
HE EL A LT, A I E ) — K —FEEl— %1 5 A~ LED 2 si5%. BN, HIFRREE T & kR IF i
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FEEE R, LED REFEf T —1Ta mse(M K 25).

Figure 25. lllumination of the bottom row LEDs when the board is upright
[E 25. FERIREEEKAT, & T—HHR LED 55

4.2. Zephyr R FIB9ER

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
4> ) BATHAT () GREEPHAT (C)FIHTENE 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 MBS HME. BRE TSR Rh U A B R sk, (HE AT E LSRG LR
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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