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Abstract

Embedded systems have evolved from isolated “dedicated computers” with single functions in the
past into complex autonomous computing systems featuring intelligence, networking, and integra-
tion. As the cornerstone of all cutting-edge technologies such as the Internet of Things (I10T), Indus-
try 4.0, artificial intelligence (Al), and autonomous driving, embedded systems serve as the inter-
face between the physical world and the digital world, and their importance will grow with each
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passing day. This article systematically sorts out the current status and development trends of sev-
eral core segments in the embedded systems industry, both in China and abroad, including embed-
ded processors, embedded operating systems, programming languages, and the industrial ecosys-
tem. It conducts an in-depth analysis of various characteristics of the embedded systems industry
in China and abroad, and finally introduces the latest industrial policies related to the embedded
field, including those concerning embodied intelligence. The objective of this paper is to provide the
industry with insights into the development direction and R&D methods of embedded systems.
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1. 5|

B HLMCU) R HEE% B 70 SFARTERRSEFFURIRAT, 80 FEARMIE N E . 80 AR Tl R
T IR 7 TP80L, Filg AL 555 SR Al T & T MCS-48/MCS-51 [ HLIT K R48, —35 “H
B A R K, X TR BE 5 51 K T 4 I 8 e 7R S AR 215k . 1986 4 10 A 7E HigE
BRFEZAT T MR BRI AR RS, EheE T R E R L G, 2000 45 10 H i fEi AR
ARG 2 (Ja N CCF IRANXN R AR L)EIL BT, A b E s i MU &R 2R AN R G0R
B LA ARM 3R A% O R AN AR BRES E 46 T 2 N, =9 4y % ARM + Linux (803 ARM
+pc/OSHR AR R G REE, LAALMiHE M R, RERAXR RGBT B RRAT, BASRBAR M E K
AR AR Z —[1].

VI (Internet of Things, 10T)iX — & i B thifgsh 2 e, ZEHE, 2009 48 H, I AE FE 55 B o
HR R R AN PR B L W TR AR PO “EREMR RS, BRIk,
B SO, RREST AP ET fb, 7 2009 FEME AR “ R EYIRINTE” , 2 JEH
FE B Pk b T SRR B B, N SRS AT A v R SR8 A A — AR B Rt [2] o

TR (HoT) & FRIERIIE Y . IR FEAE TO I b, HAH TR AL R3S . HLAS AR Gum )
W%, EREEREE. WMAEIFAITAE S E A, BARE TR BACRA IR s 2. Tk
PRI £ 52 0, H AL T R AT . MRAEAT AR & A& K4, 4210 NoT fb R4 R 10%~15%, HifK
T3 & T B B AR MR . TUPELES . = G o b S SEmT Pl Re /o, SEmt A e 4 g AR
GUTEIX NI KA A (3]

Tl 4.0, EHFRE IR TV Ear, AR T GuTHE A TR i B R B, FURHIE &
BT . N T2 fig(Artificial Intelligence, AN E S5 RIKE R & . BAE T &M Tk 4.0
AR BARZE], BAESTE & E LR H B34 3HEE . Tk 4.0 385 S RS (CPS) LM% £
PR SM IR, MIAR RS CPS MIKEH ARSI, SCRHFEREEMRAGEMR, e Tl 4.0
B A BEFD S RETH SR T R, AL G R G AE Tk 4.0 BHRIESE R R EEZAEM .

BE#E N T e (Artificial Intelligence, Al), JtH & KiE & #i% (Large Language Model, LLM)JS; A f 45
RN, TEDIBN R T2 e T, AR RS0 A A AL AR . AR RN &%
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ESEHUEARA) Al FEAREARHERE, DURARGEER e, N BEM ARG RIS, B B 3 B R
L R AENL & NNV ERER T SR R RERLHT o 72 RERIIG WU, Al N 5L GpLas v 4 & v BN TAE T
BARR oMb ) 355 PR A, 49 e A 0 5 B R385 . AL B ZE AR 4 v (R b AR 15246 R R L, e N
PURTE N CRESE 3757 o

IRARRGHE 2, G AfF Bk THL RS REMAERETT T, Zo b ads
IR ES O 5 A IRIE R G S PR fEih & DU AESSEE U7 BN RATH S8k
BUIR [ A AR EEATE 35 i B2 = AN B2y T i

2. ESMRAR R G IR

AR, BANRAEFEERTE AL SoC S HIALFR 2 A1 MCU N E3i[4], HiAthab PR 38287, Hin FPGA/DSP
R, GPUIXPU AL I ZRFIHERE AL BE 2SN SCHERI AR Ji o 7EALFRERTREEN b M 2 A2 b R 3R i 3= 5 )
B, Arm IR I N AL B AR A A A% D HAT, RISC-V 78056 R Atk & i 4244 (DSA) T 4 —
SEHTIR. MWL Counterpoint Research Fiill: 2030 4E RISC-V it F i 5% Fok 581 160 12 RISC-
V 7E loT T3 H IR ok 6 & 108 1251, AFRIKAE RISC-V iU Tt H 62 s 980 25 AZ5i[5].

AR, DG AN N AL ALBRZEE R R AR G FC A= i E R I, T BRI 2 NVIDIA
Jetson 1 Qualcomm Snapdragon %41, CVH KEMNHMBAE. fEimll MCU 8k, PAEE¥ Tk STM32NS,
% RA8 Al NXP MCXN947 AR Al MCU EAT T3 500 71, {EA WAT 044 b R &7 i

RN IRME RGN R RGNIEEAT, & TR & 7ETT3 4 A 2 1, Eclipse 24 2% 2024
SRR I R AR, SRR BRI BRI R N IR N R E R G i e HFE T = A7) 7l 2« Linux 49%.
FreeRTOS 29%#7 Zephyr 21%, F:H Zephyr M 2023 £E[¥] 13%18 K3 1 21%, #E4EE[6], WK 1.

‘z Linux (67%, up from 58%), Windows

(26%, down from 29%), and Android

(22%, down from 25%) lead as the top
0S choices for loT gateways and
edge nodes, with No 0S/Bare-metal
solutions rising to 10% (up from 7%).
Azure Sphere dropped to 4%, falling
out of the top four.
~

- v v v

Linux Windows  Android Bare Metal Azure
(no 0S) Sphere

Figure 1. 2024 loT & embedded developer survey report (source: Eclipse Foundation)

B 1. 2024 FYHEMSHRARTF L EBEERE(RE: Eclipse £ER)

B N T2 GE(Artificial General Intelligence, AGI)Xite, SR NN R G H el Pk & i EFE, &
REIR ARG S F S THEEAN S . M s N R 4t R 2 8 Ae b S st vEp ik . M3k
i, MARCHREET 2 RASHEZZEE SR, W2 AR HE LR/ M N RS, A
RS HRNSE AN EERAN . RERBRATNETE, WKERXHEMMEEA . BRLE AT IS
BN RGUSATIE R — /M EARBEES b, 9 mT DAZE [ — /N b ER 38 8 B RIS AT m S i PR R
(4N FreeRTOS)FIiE H I /E R G (W1 Linux)o MEAMLHARR S R LG KA B Ir %, e P
T IE RS AT SR 5 T R R (SR EE AR AZ AN OS 4B 5 IBR E5) « FRATTH WL IRtk N 3R FUL 4k 1) S 78 8
AAERBRRE R T RETIRE],  HWdE— BB AR RS0 RIS AT = sl i 3 E R AMLAE B
YEZ S (bt Android), Sk NS K BB AR R QNX EIRML A ER E T CQ U2 4ET, A
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Ak R ST A ML [ 7]

NP R T HIEMLSEH IDE 8% = R AR Al B8R S 4 5 17 & &, 40, CMake 1 Ninja (41
HIBWTIARAE S Make T Bz 5 A F R MR 7 BAE N SUIZ I K, HEBNRARRS S PR AAR . RS
FER BB IELEPRGHE R FH DevOps SEB, LASEIL EZh e MRAIEE . JF R TR T2 FF CIICD iifE,
PRI R R = R . i LSSl T84 = ClUCD ik AP & T &, i Wind River Studio,
KE—AFAETERESE, HTHR. WE. SEMRS KBS ERAAGN TR, 76 Al FFR TR,
BT RANE S AN(LLM) R 2 e 4n AL B T 40 Copilot. Cursor. Codex 7E 444 T K& (BB AR 2 M .

3. PEBARNRG IR

W MCU %ifs, LL Arm Cortex-M AARERI MCU 85 & 1747 B A 284, [ 7 MCU fEMEA
o BT A R S E T A . P MCU OB Arm 240, T BRI = J7 5
AR, R E . B MCU fEEE T H BRI 5, B AT SES IR B TEHR
AR BT, BN —E M2 REE, B eS80 1 A 3 3 8 AE iR AN AU — € 1T
W& Arm Fil x86 4R 3 T WAL EE B i APk AR 2, v SE Rk 76 4 i o [ 85 1 Ak R A RISC-
V B Arm Bk EMETFURIFG R A RS PR A AN AR RS i RS, RISC-V [ 7E [ 2
KA

B MmN Al AR A, E PO RK3568/RK3588. 24 5t 310 #1910 /£ E N JRE —E T
W, 4B Z R T113/T157 % Arm, RISC-V Fl DSP = AMZ Rl & 76— Bt i B, FoAR B
AReth, ZRTFRE E . E=umft] Al AER S SR 78 PR A A AR S EA R . 7R3 MCU 41,
[l A SR B RHEL ESP32-S3 FE T R L XA s R 7 A A AR m R A0 44 B2, AR BofHELE 72T RISC-V 424
I RURZ A% ) 45 85 ESP32-P4, 1Zth |y 2 SR Bk ANVl B Dhfe, SCHF AL Ta 29 RINIAZ AL S . 1E
A MCU &5, [ A Ak AE sl AL 75 TH AR AR KR, A TR B, PAAIE R IR A7 5
— RIS RIS 2 R, RSB, A AT R Al RS 45 1T 3 T R o

RN IRVE RS 44KL, E A LA openEuler 1 OpenHarmony AACEIITIEIRIE RS ESRE, 2N
HT S EBRAXRG T, RGRITERA LN #E RS, Han RT-Thread 7EAIK M 45t it 2 AR 2500
¥ . openEuler Embedded & 7E4EHE [ 191 2 4% 1) SoC WA KB R G, Wit im N UE ML E AR LI £ 0S
Z ARG B SR, fE B Jailhouse FI ZVM EFUNLAT SCREEE 2 MEME RS, Z 7 RRAEFRE T
I, R AR RAIE8] [9], LR 2.

Baremetal

AR Z#SoC

IREXRERAN

Figure 2. Mixed critical system architecture based on openEuler Embedded
2. #F openEuler Embedded ;& & <4 R G 4244
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FERA R R G HARTE 5 /710, 2023 FA XTI ARSI M A BoR, CIC+ L 70%, WARZ L%
PEA[10], WTHE 3, ERHBRESSRERTIHIEAR . Rust IEEZRN ZHE, MR THGRA
AP REF (Fbln C/IC++)Rust A HALH, BFENAFR A IR IR thee. MR mEtE, AM— kb
AT RS, Rust BRI A A B 2 EEZEE N, Rl 2R SR eI E o EH R
JEft B8 B Rust JT % rCore OS FlEZ LKL Rust-Shyper, Rust 7£ Linux PIA%A1 2 S8 IT & i R0 IEAE %
oA, RS THIG — LBk bR, (H I N AE 22 AR R AR R AR A A8 AR RN K R G dm AR U B A T il 1
TS, FHLAF I VIVO FERMHERER T Rust (A% ——BlueOS (HF R 5N, I ILIFIHSIT
RAEIX[11].

Software development requires more cycle time

“C” dominates other languages for embedded software programming

C 52%
C++ 18%
Python 5%
Softv(\)/are ADA 5%
Hardware 61%
0

39% Java 3%
Assembly language 3%

LabVIEW 3%

Forth 3%
MATLAB | 2%
Forth % Only those with 2% or more total
Go 2% mentions shown
C# 2% Other=4%
Rust 2%
o Lua 2%

Total Respondents

Figure 3. Market survey on the state of embedded development in 2023
[ 3. 2023 FHMARF L RTEHIAPEE

AR E RN R G E R R R A8 T RS HEl . AR BRI “B =87 7 k4
M, EATHEAR GE P b 1 T R M A Y RO RS, X LR AN SO B B BN, S SRR T
WAEENE AR 5 K&

4. PSMRANRRG LS FIEE S

BNRERE RS AP KPS, L Linux 1 FreeRTOS AR IFIEIEE, L QNX A
Wind River AR AR E . A — b BEA R AR A A DA, Hoan QT 1 RT-Thread,
ANIR B B A b E RS s 173 A 0% . BL SafeRTOS AR ITHIAIE 2 4 F R 4R i,
P 8L E(ReWorks). OneOS (HHFSYIIELIN) Al RT-Thread FUAREREE . N RERAE R GIKIRALTE B AT
BB, JCiETEE PC FIF-HL Windows Fl Android % H — MK Mk Je . 2 F il Bk B ED BRI &
Gimt R ANHET TR ENE Y, B infddk Azure RTOS. Arm mbedOS. il B (AliOS Things) A% if\(TencentOS
tiny), WEVFE R ILRIMA[12].

E MR AN IR E R G Z 5T 30 ZERE, DA P e AL A, Hln QNX 7£
IR T. INTEGRITY RTOS #£% T. 24, VXWORKS 7EI8{E FIfi iR, B~ NREEME RS AL
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BB EAERR R I, RIK(FE U2 THERT) . BN A B SE A 7 (107~ S YD LR E R S TR B
FEk, SRR SR IELE R AT A, L anl X B ) R G 0 F S A R Ge, IR SEAEBUR I PAE N R 8
HSLIERE .

B A i N R T B 7T AR E Ut Ar, B A RN 20 A D AR R JE o bl 38 37 284 F % 34 5%
RealEvo-Stream, = EL& X B I & #, HIhaefmia BZEI 5 HF & N IERL UL K A S 3448 . RealEvo-
Stream ] 347 2 F i B TR AE S T HBE, AT DLLE R T R 8 v 250 58 OB A e, £ v B FH T R A% [13]

TEACBEZR AR A% b, EAMRABE .. il 2& Arm. Intel LLR MIPS, i& &4 K FF a4
Y RISC-V, T5A LM ORI H H AL EMERM . £ FPGA/DSP LK GPU/XPU Al Il 2k Ak FE 2% J7
M, W2 BA RIS . 76T 3SR A0 SoC B Fr Wit 7T, J4F o [ A b 55 30 LR AR o J 34k
S A ARFERE P AR SA, FE T AT S B8 i et BRI, bt ILE8 A SoC gz —
AL B NS B RDK S100, %45 F %4 CPU + BPU + MCU, f44% 6 #% Arm Cortex-A78AE CPU. 80 TOPS
BPU Nash %244 Al 5 /381 4 #% Arm Cortex-R52 MCU, X ffitiz — Tk, O H 5 hi e B 5 8 GEpL %
AT o B S T BRI RE AR LS FHB852 AT Al 45 FH889X 711 2 Hi 117 d7y A A 24 (5%
i /7 o

[ AR A B E BT, GPU RIFEHLATUHRA TR VL ARS8 K T3 A 2, N SOR B 40
1, STM32 MCU PLH =& [T fE . A2 28 DU e 5 AR A 4 32 AL #k % 2024 4 12 H, STM32
MR O 110 1207, MRS % ki 20 155K [14]. FEfEKIITE PC iR RIS R, x86 7ET.
FEREHlE T A R ARIR . FIEE BTG B g8 Android 47, TEIRANRLE A0 A
ERIFEAT.

B = iR N U AL BE RS AT MCU 85y 78 H [ i 7 2l 2o S I E I 10T A582H b, DL bl 4
PHEENENT S HEF, i, B RK3568 fll ESP32-S3. LIAE AR iE 910 R &I AR M E ==tk
AE AL IEAHERLE F, DO E WL, JiMhiE. AMD S it i XS], EWRZ ) w2 i
Bt b, Gt —Bm ks, S oafE~S R R rgasss, thin, SET-EHL 2024 451 100
276, 5 RIS 455 TTHR B3 o AE N A SSE SRR RO fE, S48 2024 SEH#5 50 12
JG Al IREGEBITH,  (HH B 50%. £5E TR, FHEIRS BEE MBI EALDILSS & H A 40% [15].
DAFHRE L RN s AR = e 55 a0 v A DA A 76 L B SRR B AR AR SR 1)) SoC &5 s
EANITE HL R P L #5258 [ 7 K [ S 28 100 H P IE R K BRI [16] .

A FZ RISC-V X3, BN EGE, EHBERH: MBI Tl 38 6
X%, RISC-V MCU AATE[L7]. EHEHILAE RISC-V NS HRM, 5 &k GE i AL B A8 RFELIH
W, mEAMARAI N ESRS R, SR RISC-V dEIE 2 B2 MNP A — B S 0 R 2k .

5. RESRE

AR RANIRETE P BUR W SCRERBY . IRER, REEBUFHG T —R/RVBOE, BN
GNTERe R RE. 78 U B RemGE A AR Hh, W TRy S IR R il i R oS Bk
Z—, PANE ROSCRREE, RIS RE L A A mindh . ekt BUR AL
B REFIAIE A PR RR SRS, bodn N TTHESI I Pl o B R SR AT B K1(2024~2028 4F))
Gl “ BT A" 173077 2(2023~2025 4F)) £ H W I F) R 8 3 s A G SRt HEShil it &
SR EWFERE. T RERT AL T47 5 L& i) (2024 45 5 A)smi# v A\ TR 6
OHAESEZR, MRFKBKE. ZPiEE. BT R&SE, MR TEGe. (RThFER S & 4B . 2025
b S B BRI G 577 s B 478011 81(2025~2027 4E)) IR, F 2027 4E, FESEE S KN
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LSRR, T EBON mEEMLSGN TRk E, BEEOREH . g . il
ARG Z T, IR SR Ge R G = i 2 R R R AL T ) SCRF .

M E P R R iR, AR RGNS LI, ThEg s —0 “LHIFEN” , AR R, W%
o ERAE R BIBITTE RS MARXRGEOATERM . Tk 4.0, N TR, B SR E AR
FHEA, fEAEH RS H AL, RALRENREE RS A,
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