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Abstract

High-performance efficient software and advanced software development techniques are keys to
embedded systems in the era of intelligence. This paper describes three current trends in embed-
ded software development: 1) Edge Computing is progressing quickly as a method to process and
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analyze data locally. Edge Artificial Intelligence is changing the cloud-central method of intelligent
computing; 2) Virtualization is the new solution for high-performance multi-core processor sys-
tems. The container technology is streamlining the management of complex embedded systems by
simplifying software development, deployment, and maintenance; 3) The concept and practice
DevOps is breaking ground in embedded software development. It speeds up delivery, elevates
quality, and promotes stability throughout the development process.
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1. PR

2024 4 2 J1 1DC RATHIER 57, 2023 4+t FLYIIE R (107T) e B 66 12/, ok 5 4 51 4K
Yy 16.4%[1]. B HIIEI 4% B (0 IR 5 5 RS 90 R R e e R K ML I 0
GO RAEEME TR . R RS T TR A I MU S, JEIR e 4. TR MR
fEohhe, DASCRE S MBI, IR AT, T EAhIL. Bl

B R RS R b S IEAE M DA, B0 SR P R L P BRI, A1
B A B B3 HT BCE )7 A R X 025 A S IO SR BN He e, RO
DR ERRI R AR RA DGR & L EE SRR A, DR BEB TR R
GEHIPE AR AR RORIER T, DA A S B IO K

B A T B (AT RN 2 5T (ML) ZE &SR 0 LRI R N, A0 AL SR 1, ISt
ROOHAT B B A A T BEBOR . BOR A ) (A 7 O SR 6 L SIS AT AL SV AIRTE
B, DISRGLE R A S SR O TR RUR S BI7E SRV AL AR T 4 U

2. iIfHAT AR

KT AN XA I KA TP 18— BAERR T, VDC Research [ 2 053 M TS | — 14
KT 2024 SR | RN AN VA AT 5 5 35 MER T S e B A AR A 1T 7 (1 DG B RN
HRT AR R HAR R R T — RFIT[2]. 2 R Al IETE M 2 i B v O Feo b B 21 W 45 11 2%,
BFERA NG RANRIAZ Al T35 RR AT ML SR8 A 75 R H 2K, X Fpita A sh i 2k
Al AR5 B S P o AR B T 2 R A (Cloud Native) T2 il vk 7 & AR A A3 23 K, 35 e 155 475 30
) 2 S AR BRI A e 77 SRS T BRI AT, RN U AR AL X IR I8 IE B IX —FF R, R sk
eIt A I & 7 e

H44 RN R 5 A% 1T, Beningo Embedded Group 61144 A Jacob Beningo, 7E 2024 4F 1
RN A A AR S PR, RN U A EFE PSR ] DevOps. B NI HE T H 3k
Fgde . MR S R ) 77 9:[3] - Integrated Computer Solutions (ICS)f#) CEO Peter Winston 7E 2024 £ 3
A—REECEm PR KRN TG NIRRT, EATR M 2Rk, B& 3
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AR B 280 EHROR . AUML SRR, ANTHI ) IR 55 B 2R o X S5 3845 8 S 7R N
HE IR RGOSR, FEAE AR A M [4] -

LA UL BRI, A SR IRATRE 511 AUML 2R SI0 4R BE, BRI 2SR & 588, DLk
CI/CD Al DevOps 1X = KR N KA TT Rt

3. #Br—: AIIML ER5D588E
3.1. it ESh% Al

DG SR E s G R — M AU RESE,  FOVF 10T e bR b 2 W) 263 22 O $
PEIERHR AT BI[5]. e th T — NG EORG]: @R G P 2 eANUER] Al RGBT BEE S,
I BAURE 1240 52 Bt i B B o0t AT BN AL BE . ANLAS 2 AW % dan i S A0 2 S B, T A
FOEMRIT BL, BEREER 24 /N AR 25 W 2 R A74H, TITRETRCZ =) (0 W4 4 47 5 AT S AR B B A
oAl &

% AL LR B RETH S BL = O R rR A ok, JF (SR eI . HEshIX —$ A2 1 3)
WU P2 B, o VI (] QB B R F (B i« 1 32 R Ge) REAT S TR S, DA R i At Ak 2 08 ok
IN5EFEFATE -

A% ALY TR AL SROER AL, JF0EEE 7R IZ 00 AL R . EAERRT R IR
WANBARGIR R G HEN AR I 7, e mBIXATI A Ia B, JREARK, AKX A REER 8%
FAAEARRIBIRN . ARG S 1 prR[e].
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Figure 1.Three types of edges and common edge devices
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W% Al RAETD G & LS ALY, WIE AR 2 R A5 0 RS2l Al HEFERIR R . 1
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Bl % Al [ 8 AR DGR S 38 SCFRFAT 2> AL HERRBLRY, G55 510 A M U AR 34 50 AL Y
WG, #iag Al MR IPC(LHHHEHNL)AT PLC(RT 4 FEi8 4H 4% 1 83) 7 N 4% 1 2k HEAT
Al LR, BRI R IR B & R B ILRE 7). UL S Al SCREIG AL B BIE AR , IRmERER
GURIRTYT R, R R R R B R

TN %, MBHL#%5 S (Tiny Machine Learning, TinyML)& ®EE AR, XANFARIELE MCU 253%
VEZ RN AT S THERTREFERR H1) /N8 i RIS AT HLAS 2 S BB AN B A AT B o DX T IAE AT 1 KA
B, TinyML BRI /N T — B RIHL B 24 SRR, R KRR ) B 2 b 22 Lzt o« BAEAR 22 O R 14 4% L6
S4BT TingMLIX T A, 1 408 6 53 (IE 5L 35 A8 RS ATt 2 40) A R I 00 (0 3R A B AR o 22) S5 [ 7]

E Embedded World 2024 JE£4£3 | TinyML J 4 £ J& X JEon i — A R, TinyML #4221 H 9 5
AT A, 1860 B EHATREIIAEE, LT o BB 2 FoR) . X R 72 B 1 5 BeoRL 1t FD 5 2
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Figure 2.An electric drill and the TinyML development tool in an ESP32-based edge sensing 10T kit
2.5F ESP32. BTSRRI & B RIEB LA TinyML AL T A

3.3. iB% Al =/

ARiB% Al I = KRR Eig AL, #aZ A% NPUGHZLLFE #) ik, Lo
KAl s TinyAl TREE. 55— s Al BERIZRIE7E I 2 5685 250 Th O Bk %5 28 S R U S A &
MEAR FFEIXZATREN, FONAGMMES LR T mrEfe CPU M GPU, RI{EIAZ SRR IITIE,
£ ALY Z R Al HEFRDhRE. A TR BRI St o] DAYE M A0 o0 b AT, IXFEMCE U K4k ks xd
SEEA AR, PR, SRR, DAR SR N L RE N AR P 7EIL S 15 % b (1 5. jE

TEIN S A& RS F NPU FIRRIE 58 AL HEFERE /7. NPU RTLARRARIHAE, SCEREFEEIE, JEBME
RN AT AL B, XA Al BERSTE THFERUE AN LE IR (1) JCBE R I F (W mT 27 S0 5L 4% R A% B 1 ) Hh 28
Arm [EEEERH, FHT Al HEEER ARM Cortex A55 it & il Arm Cortex A55 + Arm Ethos U65 NPU L%,
JEE ¥ T0%[1) Al HEHEM CPU #4825 NPU, HEFRPERERES T 11 fi5.

WA GANE DL Al SEIL T B FREIA AL o R SCHE AL RS Fr 20 B 48 1 B 0 3 I ) 5 % v )
IR IELEDGE, IXhR & RN 1 2% IETE M) RS AT A ML HOSR AT Re . B BB R G X —#
PR E 20 R BT AN L AT R AR O, R B, S S B R AR L ek 2R DL K
I NN RS

NI A E I N LR RERIFF R AR S EAL. 2023 4 Embedded.com A SHF R BRI &R 5 R,
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Figure 3.Using advanced technologies in embedded system development
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4. BBz Z: R, BRFESHE
4.1. EEHfE

MEMAC B R RAE RGN — D EESAR, FIRAX ARG RIED RIS . T KZ AP
W WA R, X PR 2 A BT LUSAT A [F — M B AR B 2 b BRSO T
ZHRAE RGRISATIAEL, U0 m] DA [F] — A 8% RIS AT R S P44 R S (U FreeRTOS) AMLE I 4
ERG (0 Linux). REAMEBARRAS REFE N Z A BS TR RGERI &N R %, e @ik
S ATEEER T T AR e IR SUR UL I SR R AR BRI E LT R G0, BndE— MR R G P R
I IZ AT 1o S PR3 A R AN LA R 29 -

e Tl 5T IR & B RGN W] LA B 2 A% AL BE 88 R Gt UL SR AL BOR B8, — D™ 1) i
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Figure 4.Intewell configurable hybrid heterogeneous system architecture
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4.2. B

RWE—FRES ., "B, BRENREREE, BT REEAR, RN QT LR SRR 5 B AR 5
DT ELE—#S, BRI AEAFEF G B —85tkiEtr, AR SHEEERAR. 288
AP GRS S A B IhRE, ARG EREE, T AL 0] 2 R S04 B A

MRS AE R PSR PR B FEEHE A, 15 Kubernetes X BEFIZMHERS 5 1 1 ShHT 2 2840 B FH AR5 1
. ¥RAME B . Docker & Linux 35 T WA &, &S HEM KRR ZMNE, —8
M IEE R R E R AR AR BN, JHER 0 E Rk E . GO0 T e v R I REFER)
TFFESZ BN IGVE, 5 540 56k 2t 7R T 288 e ) 2 8 vy 0 51 P 236 140 (D B PRI AR A2 28 [12] o

4.3. EREFRHMA

SCIN S A A B TSI R AE RGU(RTOS) SEIL I AR 25U, Whic Docker P 2JB%, 56 TFHUA S 3G
(OCI—Open Container Initiative), SZEIFEIL. 22 ER{EFER RS E

EHAT, [ PET Semt 2 280 A A TF R i, LB IRER M I B R T SylixOS JF R 1S 25
#% ECS(Edge Container Stack)[12]. ECS s SLhf AR, /] ECS SR 2245 (1) SylixOS W AZ KSR
A& e SylixOS A4 TERE . ECS SEI & dR S LeG i N A2 MR B IS T I EL . e BT 25 2%
AT IR ARAE T 2545 N 1 R S 32 PR BRI & B R 2, S 3R RS AT NI AF & T, 3R T2 28 I L
P22 A

AR, SZIRTIFR I A DL AR AR A2 345 3CRE, ECS SEI 25 8% i A el e LARIO # gt KA 25
WKL) E AT SER RS A SO £ 5, K2 TSR Linux #8175 Docker f2H & S sk
B 7545 . NXP 1% 5K [14] FE st 70 T BEIR A A Z BRI MCUIMPU U 5 38 il 7 58, $RHH T i %
Android 7 85 AR (1 — Rk )7 2——MICROEJ VEE, iZ 7 TigshF#. BEEviRil. BaghR
ATMVATEINLEE e, HARAF R an 1] 5 .
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Figure 5.A small real-time container solution: MICROEJ VEE
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44. RAXERENE

22 V8 A K B 2 45 (Mixed Criticality Systems, &R MCS)? J2[E 29 7 K241 & K H T R IIE X
TRA KB R GRS WA BUCE 2 A R OB VE U AL AF 0 RGE[15], 9] dn2e 4 D% L AT 25 Bl AN F S gt
HAF . XS R GOl AFAE TVRE RIS U I E R A R G, EAIEER MCS KR, LLif 2
LA, ), EE A RS AR DR 75 SRAH G 0 AR AR .

RE KBRS AM TR B/l % . el ESEHATR, LHE RGEAHE, I
SIS MR R R, G R PSR R R . BRTERR ST, SR S B T, T
F6 T R 2= — T 7 R AR S T — bk T 34 2 4% R G TR G G AT 55 T B ARV [16] « Tl SR 2 ¢
TER SRR B N RS REMEAE, RIES TR AR, FHCRHAFBS S, B4R R %
AN N T RPIX — 0] f, HE R BT openEuler (KR & OB ME RGE MR Y 5 Z[17], HZEM UK 6 Fis.

150 151 152 13
e scfjila
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Figure 6.A mixed criticality system architecture

E 6 R&XBIMERGRN

TR R RG] RS Ml & R e, R R A% O R B AR MU IR . R 7 R p et
ff R 5% isula, RN ZUEHMEHEEE FH ZVM #1 Jailhouse. ZVM(Zephyr-based Virtual Machine) &
5T Zephyr SERHEAE RGULBLE ML DR IR H , %550 H 2 B R K 2= N 30 2T S R 2 B
MR E S, Bl nl LASEHLE S 3 — 4 Linux 52> Zephyr RTOS, MM fE R — 47 & L selie
A WZAE18]. WA R H AT FZN AR RehliE . ML BRIE. ZE LR R S5 5 S ] A iy
BRI
5. ##Z=: CI/CD H DevOps
5.1. #5id

DevOps & —F - R Sk, PRI R -S4 2 IR P E, AT 5B 5 AT 52 Hh <8 A 8 - DevOps
E PR P, KT R R T — R S RF SR B [19] . DevOps 7E IT Pk 7z
A, HEARMER CUCD(RFSEAR BURFEEAEAT), I — il ik 72 B FH A B B 5| N H Bk i AR Pk
AR P ASAT R 7% . &5 CICD SRR SR8 7 4 4ifR y CIICD & iE (Pipeline), H1 & Filis 4k [4]
A LA I 7 3 ] 56 A
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BEE . B RS SEHANEDLE, sRANMSOE TR ERESZ. AR R
DevOps SE# A% AL 4y, 818 A = SR AR T B AR, W] LLSEEl E sh ik R FE P 2 . AR
L, IR AT AE AT I EE, 32 v SR 7 T S A AR 8 1 . DevOps — b 2 & NN 2 Ji A= Apse sURi &
Fp= i, TR R FE R S AR 2 R AR E R R, BAEETHEH, RBEE, 3
L MREE, CI/CD W/KZZDhRE, ibIFk. WK, HESRES R4 RS 6% E, BRHER
ANRIFREH LTI, b CI/CD #1 DevOps z 5 A AR A RIT K& A i 7% 1

5.2. CI/CD #1 DevOps TE# AR FF & P EISCER

TREA B R K 2E N SRR G B (INES)E TV B GEM R, R T =EA R ClICD i
HARM B % BB IERE LR LA WA B 5 K35 Azure DevOps CI/ICD 454,
Pipelines(4aHF) 4L &, PROFINET (LML DKM FIMESIRUE, DA NG Bk s oA s . & o 4
R INESL TGN V BB IR UERE) R, B AEAD AL BRI A, INERIT A A,
Pem R [20].

PG TR AR B P R AR R T R #r, PEITFRIR 7L ide tH 42 OEM 1 OEM
(RIVF 2 — R A3 7 IEAE S P PR T IR R 53, B in AR S8 VR ZE 0T e vh 3 B85 LR SR K A B R A
F] CARIAD FNHES 6 P71 57 /R =4 B AR R [ 2 AT AR A I i T BA [21] o VR ZE 3R A FF A AEAE 4RI CI/CD,
R TERRY & ERAS A iy A RR SR B ST . MUY CI/CD RIS 14 7 B

Wi 5] 'x_j 1 * g
g W
Hagk - Cl . ‘ CD JEAT
B O
HIREY - A gﬁ —@ Wi

Figure 7.A typical CI/CD development process
7. 8180f CI/CD FF 4372

5.3. B8 AR CI/CD 1 DevOps TR

FEG RN A K TR —MERIT RIS, M. s, MEMERKERE— U LR
DT R, B NTTITARAR . BRRORE DA R S PR S L, SRR R 5P & A
MR = EMA T E. WAL ST R T H a0 IAR Embedded Workbench

ik F AR, A i G ) A AT A I B A MR RGN, L an SR $RAE R G (RTOS) Al 45 HE
OGRS T 2R . BEEVECP T S, B cr: 20845 Pr s (MQTT) Al i 44 2 4 V8 31 (191 dn 2 T
75 M A B FR)AE MR I S R R 1. [RIIE, GUI JZE. DSP e ML 38 2 1 B0 A HE 28 25 o Ja) fF th 19 i 1
FNE A A

T EERARIT R, Arm &K T CMSIS-Toolbox SZHHAEfF, B —MFEIH, ti
Open-CMSIS-Pack [1]—#&53[22]. Arm T~ 2014 fEHEH T CMSIS-Pack, & /& CMSIS(il i il # 8 fF 42
FIARHE A 4 1) — 7« CMSIS-Toolbox SCHFAE FHAS [F) T HAAE TAEGAE, H B AU TT RN 5
HRRAMEME, & 8 iR,
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it Ee& I 78 E =M CICD BRI, 41 Wind River Studio( 'R 3 1 {&#% 4 Studio).
Studio & — M= FAETHE, HTIFK. #E. BEMRS BES B RA[23]. BT RKIRA K&
A6 R0 B F R P I A A, 048 28 X Bk R A N U K R e, 7T 2 Ui 21 TAE AR PR,
DA e ALK e P I B 24 M . Studio 7536 F = HERBEHE DIR it — B MmN TR, seBl
N REAFTF R 0 B Zh AL, FHEENTF 6 TR 51 R FE 7T R N SRR N 58 SEB E s2 SC) CICD Jife .

Wind River(JA ) & A BRE1 4 RN SR AE Ak, 7= i B 5 5 45 IR SER B E R S0, SRR Linux Al
MR, ARG RGO T %€, MHEZE SR Tl REMES. XRERA
KRG, RN IRAE RGO A1 H R [24].
6. £AiR

FERRERGAL MAXRGEEDOR BRI K. 12 40 5, Sl L BE /R e AR HE SN T Pl
K, BRI A R I e 7o AT, RARBAIT R B RBR . UL S B RO R IR #E
R, —Jr AT A v & a5 o kA, 5 —J5ii, TR SRS R, SRR A
EHLCERCH M R 2. B8 AIIGPU SEAFLG AL PG A 208K . IEAh, RN LR R G iR
L TR N 7 B RSN A S B R STHE[25]

JEEROK, M55 B TR AR I e sy, B 5 2ol oK, MBI LR se e
%, SR XBAFIT R TTE, BT RAGEEARRCT &, Il N T8 e AR SR IBTLIE .
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