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Abstract

To address the problems of complex heterogeneous device integration, decentralized management
of software objects, and the difficulty of uniformly constraining deployment areas, security bound-
aries, and exception recovery strategies in highway electromechanical systems, a collaborative de-
ployment method for highway electromechanical software artifacts is proposed. The method uni-
formly abstracts applications, Al applications, atomic services, business rules, and device plugins as
versioned artifacts, constructs an artifact meta-model and a deployment strategy model, incorpo-
rates device types, access protocols, deployment scopes, authorization conditions, and rollback re-
lationships into a unified description, and designs a closed-loop process consisting of artifact stand-
ardized generation, deployment task construction, cloud-edge-device collaborative execution, and
operation feedback handling. In this way, unified review, distribution, deployment, and exception
recovery of software objects are realized. The method is verified in the replacement and integration
scenario of wind speed and direction sensors in Meiling Tunnel and Laoyingpan Tunnel. In addition,
a device plugin example is used to illustrate the rapid rollback handling process based on artifact
metadata, deployment strategies, and operation feedback. The results show that, after adopting the
proposed method, the device integration cycle is shortened from 9 days to 1 day, the application
deployment time from 9 s to 5 s, and the fault response time from 100 s to 10 s, with reductions of
approximately 89%, 44%, and 90%, respectively. The results indicate that the proposed method
can improve the efficiency of heterogeneous device integration and the controllability of the de-
ployment process, providing a reference for unified governance of software objects in highway elec-
tromechanical systems.
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Figure 1. Closed-Loop operation and maintenance process of Jihong AppStore
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Figure 2. Cloud-Edge-Device collaborative distribution and deployment process of Jihong AppStore
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Figure 4. Workbench interface of Jihong AppStore
4. B AppStore TIEER T

it UL R 5 S S BSOR, H AppStore LAE & SN 4 Fm. 1% 5t H B S 1
AR B A IS R R, XL BRI B AR SS. IBAT IR H SEEI AN E RO S OCE R
SHATERA TR, BRI AG  HEAESIRAS L il T R R B A 5 S, Xl i 32K
PREHERE  ISAT R AMESS A S TS B, AT L, 39 AppStore BERL Kl A BE L AREPAT AN
IBAT M N[F] 5 Fh, A g —Ia 2 AR RR BT 0 Ab B AR i S .

DOI: 10.12677/sea.2026.154048 528 OISR


https://doi.org/10.12677/sea.2026.154048

k%

4.3. BRILAR SR

AIOTFEEIE T AR E . PAFRRA i #8E VG 2 H R % = - 34 - S P [R HEAi )
HIEA BB S B, f£2E. ZiEHE. 2 RSN T, Wt MR
b 55 R 75 EEH L B s R I, St i) AR TR AN SRS A B RENE A R AR

TR ABEED . PAF IR BRI SFATA R B TL G S 55, Ik
(I R2 Pzt PTBEAR RS AT BR o U4, ARSI VE MM S et . Yo MR AR AN B 38 S (M VAL RC L, 3
R At IR A e BE BB A I WU R AR AN, AT m] RERE I 3 2 O

5. RPEESSERS
5.1. BEARSEREE

NS IE P SR ) i Bl R B8 D R A AT AT, AR S BRIV 8 R 2 A P DX IR i (3O P N
WFAERRAEN R o 2 S KFATIRE . AN SRRSO e B 4, REMS S SRR BN L i
4B 3 1 3 R 2 P ) ot 0 2 3 R e ) i 2R

AL EAL G )T AL AppStore J7 sHATR L. ARG 77 EERBIIH A R R Fa b IF Kk
NATERR M SGERS . B 23R R W 3205 AppStore 77 sUUNKE 1 s 4 o 853 B BAH e B 4 4%
NIRAAA G, FEET G el % 880 7k MENRALE .

ARSI LN = A AR AT AN

(1) BRI A [ A B O B NS, BV LN RE S A% R BEHUXGE L X[ %5
3 e 75 N 18]

(2) ML B R]: APAAT N A8 B4R 4, S 0 S FH 58 B A 2 O I 38 AT P R IS ]

(3) BRI R MISAT AR A AL E, P R R A RS D) s R A T UMK IE R i
(8

BAF B R UE T LRSS P S EAEIC A iR AL Bl BT RRE R S T R R
BOX— R, ASOR ARV HEIT 20 B PR 7 3R B4R FR 224 -

5.2. WIEERES4ER

TE AU R AN 228 A R T8 b 58 O RS e 05, 43 R Rl A% e 75 SR 3208 AppStore /7 A EAT 1
BN R R R R

FEBARSE LR T, DA R T XU X ) A A o], G o B8 T SEB e S il ARIR TR
PR KA NITEE, WRAR VR v12, K¢ R D 9 KaihongOS 847 M 8%, IERCHAEE E 2 ARM 24441k
AT, BURZIH P O DR S, HARK R T RS485 B2 N HIRGE KA 3 %, HE VG S uifgis
BRIESR TR, MR R RIGA E—FE A vil. B, Fadt— @B I Sa=<G, W, A,
C,B>, Hr G WHILBERIEIAE NG, W ONRIAMRIER B, A NIUZia4EsEdH, C NIR&1EL . MEIR
BIEH HMAHAEER R ZR, B ANREEHN TS E—FRE R,

TEBLRL AR TR, smilnEl v1.2 s E B SUd T =8, ks T 5%,
S HERPAT RS EHE RIA G S 2. “FEHBBURBE, 008 FA 2 52 SRR o 1 RS 32 12
W, BERIEMSIZARA I JG 40 RAT S, FRKHR FIVR DG R ROKE MU W G (dd - D)3 22 v e AR, A
TSI 32 AT R ik I PGE RR A B .

P4 P AR R TP AL BE A S R T SRR . IR R Bl %, TR
T N WA 7 SRR SR (R 22 5. G5 IR NEE 4 B

DOI: 10.12677/sea.2026.154048 529 OISR


https://doi.org/10.12677/sea.2026.154048

Table 4. Comparison of key indicators under different deployment methods
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