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Research on the Application of Embodied Intelligent Welding Robots in
Construction Steel Structure Scenarios

LI'Yong
(Shanxi Construction Engineering Group Co., Ltd., Taiyuan 030022,China)

Abstract:Through a closed-loop architecture of "perception-decision-execution", embodied intelligent welding robots
deeply integrate visual perception, process large models and robot motion control, realizing a paradigm shift from "fixed
program execution" to "autonomous intelligent welding". This paper systematically sorts out the technical connotation
and core architecture of embodied intelligent welding robots, and analyzes the applicable characteristics of three
types of robots in construction steel structure scenarios, including seven-axis ground-track inverted installation robots,
intelligent collaborative welding robots and mobile (tracked) robots. Combined with practical application cases from
enterprises such as Jiangsu Beiren, CSCEC Science and Industry Group, China Railway Baoji Bridge Group and Zhongke
Optoelectronics, this paper demonstrates the technical advantages of embodied intelligence in addressing core pain
points such as complex weld seam identification, adaptive adjustment of process parameters and compatibility with
multi-variety workpieces. The research results indicate that embodied intelligent welding robots can cut the welding
process development cycle by 60%, reduce comprehensive production costs by more than 40%, achieve a first-pass
welding qualification rate exceeding 99%, and multiply the operation efficiency of single-person multi-machine
deployment.

Key words:Embodied Intelligence; Welding Robot; Construction Steel Structure; Visual Perception; Al Large Model;
Human-Machine Collaboration
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The Application of Digital Twin Technology Integrated with Al in Intelligent Qilfield
Production

HOU Lei
(Sinopec Sales Co., Ltd., Shandong, Linyi 273400,China)

Abstract:Based on actual engineering practices in oilfields, this paper systematically presents the architecture and
operational mechanisms of integrating digital twin and Al technologies. Focusing on three core application scenarios—
optimization of oil production schemes, predictive maintenance of oilfield equipment, and intelligent energy scheduling
across the entire field—the paper deeply analyzes technical implementation pathways, methods, practical outcomes,
and application advantages through real-world projects at Changging, Shengli, and Daging oilfields. Practical
experience demonstrates that the integration of digital twin and Al technologies effectively addresses longstanding
challenges in traditional oilfield operations, significantly enhancing precision management, reducing operational costs,
minimizing equipment failure downtime, and optimizing energy consumption structures. This technology provides solid
technical support for the digital transformation and intelligent upgrading of oilfields, improving quality and efficiency
while enabling green and low-carbon production. It exhibits strong engineering practicality, implementability, and broad
industry promaotion value, offering reliable reference for intelligent retrofitting projects in similar oil and gas fields.

Key words:Digital twin; Al technology; smart oilfield; production optimization; equipment operation and maintenance;
energy dispatching
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oM BB BRIR ) SR TRIR TH SR BE ST AR 5L

BN
(RS BEHREERERTELT, d£=101108)

BEAIBENSAEABIARESHNERZERSE, EETRE. TWEANESEHFUEAEE FNER. Am, KU
BN AN ROIBERAZRTBHEEE, EMENTEMNTNELBLHNXBMAT, GDRIKAFFNEER RS
BHEGFHOZORT, BEEEERERAEREN., AXRARE T BREARENRESTENDENE, BEFXR
. EIREAIR. UMESIIRFERFIZIERER T2 MFERIR, AUEN £, WRHIRBIMK., BNARRI. RS TEH
RELWEBNNMEE, METHEREFNEAMR, EROT T AELKERET (DPWM) EEHFEM FREHXIRFED
B, FWT BEGEEBENEE (SEA) . HEGEEBENR (PEA) | BERMBENR (CEA) RAEBIK (QDD) AL S
BEAABSEENRENTENAB SRR, FRETETHNFFENEENENEERM, HREKE, SRENDEMALTE
IXFNBREIRTTT10%-15%, RALAIER20%L L., AN S ERIPBBARRKDRAIRITRE T BLKESRASE,
KEESNE R, EIRIRR, MR, NELKEFG, B, EERW, EEK

Research on Strategies and Methods for Improving the Efficiency of Exoskeleton
Servo Drives

ZHANG Nan
(Beijing Yigibang Technology Information Co., Ltd., Beijing 101108, China)

Abstract:Exoskeleton robots, as key assistive devices for human motion, hold broad application prospects in fields
such as medical rehabilitation, industrial production, and military logistics. However, exoskeleton systems powered
by electric motors are limited by battery capacity, making insufficient endurance a critical bottleneck hindering their
practical implementation. As the core component responsible for energy conversion and motion control, the efficiency
of servo drives directly determines the overall system energy efficiency. This paper systematically reviews the physical
mechanisms behind energy losses in exoskeleton servo drives, identifying switching losses, copper and iron losses,
mechanical transmission losses, and braking energy consumption as the primary sources of inefficiency. Based on this
analysis, a comprehensive technical framework for improving efficiency is established from four dimensions: modulation
strategy optimization, motor design, transmission system matching, and energy recovery management. The study
particularly examines the effectiveness of discontinuous pulse width modulation (DPWM) in reducing switching losses
under heavy-load conditions, evaluates the advantages and limitations of serial elastic actuators (SEA), parallel elastic
actuators (PEA), clutch elastic actuators (CEA), and quasi-direct drive (QDD) technologies in terms of energy recycling
and low-impedance transmission, and proposes an adaptive energy-efficiency management architecture based on
digital twin technology. Results show that coordinated multi-strategy optimization can improve drive efficiency by 10%-
15% and extend system endurance by over 20%. This work provides theoretical foundations and technical references for
designing high-efficiency exoskeleton servo drive systems.

Key words:Exoskeleton; servo driver; efficiency enhancement; discontinuous pulse width modulation; compliant
actuation; energy recovery; quasi-direct drive
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PMSM (#5)50HEES) 8-20 85%-92% SIEEEERT &

BV R BB A, 15-30 90%-95% ﬁi@ﬁﬁgﬁﬁ%
JEAREBAL (Vernier) 25-45 92%-96% E}ﬁggﬁ%j(%ﬁ%

R e 30-50 88%-93% | MEEEBEZK

REXRE, RAXERESEZ BN (PMSM) BE&ERRED)
EHENE BV ERIEE, HWETIATE90%-95%1A
£, ERFRE, HBOEBNERBISHEAIMERERE
BMENRNH—FRARERE, BN ENEERYT,
4.2 fEIRSERIOFEE IR

BHIZIT P —EZOF BB RS TR, BX
AL FORERRE., BORIR, B5BAEZEER, of
BESEATIHIBRE CFF. SIRIEN. RE KRR S g
REBRHS ., RARBERE, BRENMBIZCIE. BN
HRANHINHRAE

NTINSENE, STRERANRE (BEHEE—T
&rom) , BEHAR (JLTEHEHZ) , SRE AN/
FHEIR, B, ®iF Lo E N R0 RERR-—IERAXERE
A, BB E, XBEBEREEME., RN, XA
SERE A (0.2-0.3 mm) FMEIRFERL M $L o] B ZUD 62
R [15]

A BRI RIA AL ERE . HRIMERAET, &
IMEBIRFE: [16]

minPloss=Pcu(ls,Rs)+Pfe(f,B)+Pmechmin

(6)
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4.3 IR BAIRININ RS

MO BOEXE BN (AFPM) RERFELNSERES
B, BEXPEXRFAEEBRANSE, SEOEESBIEL,
AFPMMIIS KEF R, HBREAFEEE, IR EK
®, BRAEHEEMN., Am, HEBTZEZR, SREER
M, BRRANRS.

WEFRBAL (Vernier machine) B #%7 8H) RIS
WERAEER Y, HEERED MEFHPMSMIES30%-
50%, BofTER(RiE TEERRGONE, BEMERSENT,
N R ETIREE, (SRR BN NI ERSR(E. BEHK
BK, BRI ERMES, XERAREEFHE—FR
i, [17]

5 ETFESEEBEMA
51 SBECEMEEFNES (SEA) BIGEEEINS

BRI EENRE (Series Elastic Actuator, SEA) @S 7
BNSRE BREEETH GR%E) , MRERENREX
BRI MNIE., SEARVIZN TRENIEHNEENZINE
iz, BHEEEFMREESEXE,

MEZEH D, XFBEBLONEMAT (BIIMRTET
) , WHTPHIEENIEERK. ENRPBEXT
BEIEh, EERENMEDRS D, XEBH AN RNFE
B, TIESEATh, MIN(EsRE R4EMEEE, FHEBENENM
ERBGEER A N BNIKE), LI TSN EF-FN"
&R, [18]

XA ORI SAIER D NER: —Hm, ¥
EMEEE O REBBIEEINERT R, FHNEL TIEESN
X8, B—HmE, REELMUED T HIsNBENAES, TK
T M EIRF B IIENE, LaschowskiZgIEs) 120
HE, SITPAMEEASESEHNI5%-25%, &8
CIWEDEDEEE, RFasE0 ZERRK.

AT, SEABGERERR: BENSIAKRETRS®
%= (NRBAMREEZRA10-30Hz) , NFEREIA
WBHHSMES (W, BEK) AAND,; BE, #BELRS
ENESMAR, FEERMERT, HHRELAEIh ok
1%

52 FHEEMEGNE (PEA) SZENESZE

FrEAEMERIES (Parallel Elastic Actuator, PEA) 453
ESHENHEAE, BEAZTXDNE OB NE, BNRE
RENSHENNEENHIMESS S, EMERE. BXT
B, AMRENELESEEFPEZTL, PEATEN " HE
"B EBEE, EENEET ARG IR, AREER
.

WRER, THRE PRSI FFE L ST,
OPE BN EEEREITA50%, BEREME25%, EXENEE
NBEEBA FIPEATI BRI BESIRFE, 1T LM B PRI
PR BT BA BRI/ XS B T AE O B SR FF o= R I I BE

ZNIEPEAE—5I AT RIE AN, B HURNGE
WENRF N EEMENHBEYINE, ERREEENA
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BB (FHfTE. B, T, ALuhik) HNES
K, [19,20]
53 BEEEMEEDNzE (CEA) BBEEEEINE

EAaEMEEIEE (Clutchable Elastic Actuator, CEA)
BIESEASPEARBIE ST BB RS, BHIEMET
HOTTE, IRHIGEENEEMBREN. CEARRERT
F AR ERESBAEEAFSERL, TEHNER
RAEEEBN DIKED, HEAFE BTN RSB EERTT,
BRI EE AATSNIR D

SR, CEARBNERB AR FS P, FEE
HOEHATERREEERA80%, BN LIS & KR
2966%, WO BEFHEGEMRITE (BIC-PEA) EISIZFHE
AENBMA B EMEMEE, JEUROTBAEE, &
CEAN BT RENEBENHRBETE, KeFdTBaHE
. B FFANEEI R LE S =R B, [21]

BRESXEINZE, — B EENBRX TSR
BEANETBESEMPRNES: YIAMAIN (F5
ME) , RIUBEERBUTEETHED, BETEDNE
BMZeEE, LRNERKRE, ZEENEAREESSHED
BEEEZ RE160-— X F0IWH A BT B E16WHLA AL
., X—ERDERT BE 8RS TR En
BEXET.

54 BREKHEITSEERLGZR

G BH%EXABRIRES (1>100) , BHLEH
BEIRTREURIRESH HIS BRI, AT, BRRLDE
RE MDA LR ARSI BN (BDRIREZE) |, XN
MANZENZINE-——S B8P E R EDEARE, S/
FIPEMEHEN——-FEK T —S£EENEEEERE: TR
ME, HBVEEEAEROIK (BABRE) , Mo
B BEE L N BB REOIR = B, SLMAEE B4,

JHEEDIX (Quasi-Direct Drive, QDD) HENERILTF
RETHIN: XESREBENSY, BEERIENRRL
(@Ei=5-15) , RRIEEBHHHER, NREBRIFORX
Xk, B, BNRFIRERME, REBERMERED/N,
MR REREE SR OB BN, FTAEBAEBAE,

EEIRKSRNALENEESKEZEBN. 1EED
ERRES . RS HIRE, A, BHRIRITHEEK
IXEheEs KB N 7 B EAE SIS 8E R T 2R R ES;
BUEMRAR NG FHEBN, K&t NekiT 2RSS
W2 BN AL R ENHO R, BRI SHERE
1XZI35.4 Nm/kg, TIERZERXRE1416 W/kg, BIE T HLE
BIhRZEE (500W/kg) . [21]

ODDMIMIEF BN ASFEZRIHEER, BELT
ERBHRIRE, A FRARSREA M EF, FiEY
AR ER T AR E M SRR, BEAME, ODDIEAE
EO0W, AMRXBEZIRERNRSERRSANSEENBEER
HINBBERSNEB LRSS,

5.5 BEASVIENE KK



8150 T % Journal of Digital Intelligence for Industry

SMBERREEREIE S, KT RFRE/N, LEEBHN
IR, BrrEfEN=HRE. BOIWEABES
BROEZENERBISXTIIRA, EXTERENENIER
T HRZEDN, REERE.

Hanyang RZHMHRENF LT —MRF UL BEE =R
A, ZREBRXTL, ARNERBNS, BXTHEIAE
FEHFURES, BMREE T ZBMNRERE, BMRIET s R
MZzeM, WXBSIKHRIESEMEED ., EERWEAE
A, oI EERERUE. 18]

6 ZRSHERSFSEAHR
6.1 ZEARMEIXGIRS
St B —IRF R I H R SRITH HAE. 8%
ZNFPHEENSELEERNAE, HREFRE T SE5HE
IR BZHIME R,
BIFBEEMIKEIEE (SPEA) B IE4TRIME TS BEIH
FE, EREEHETRNIMRN A= ERIENBSNE,
TIRRREAAEER, B/NBNRT, Be8E, NATFR
B2 BRI A FEMBEGEE, HEGEETH
E, BERERIMAIEMEERIA TRET, ZMEEK
FHTIRERMER/), SRSt EEARERXT,
FE=EHERIBIEA LNz, ESEAR HiE
INFFBEREBES ST T AE53% A L, SREWMIRBEST
BN S, BEEMENEENTSRELE, BhElR
EME T, RAREMBREHE RS, [22]
6.2 SHEHMWELEI
ETFRIRDYT, SEMEE RIS N2
FR:
£ EEHHES RN

BEXE BERILES FEBR SRR
R =R LN BENEXR RIRMEZE, AT BHSNEEE
MR TOERML, A
ZEAZIR
SEA (BECEME) | hEmE. BE | $E2R. AL | WEHRES
IERR, fEee | RIBREE. B2
e 00
PEA (FFECRIE) | EDRREEALET. K | MERERE, E& | BHMEELHE
f& PR EB AL IAE BEIR W&
CEA (BAWIE) | TTEMEERN. | BAWEER, | PEBBRIEZE
BEFERRIROIIAB0%| =HINFERS | (S, £17)
QDD (EEIK) | mIXMEF. 28 | BHARIK. R | 8BS, HME
BLE BHE %S BEERWRES
=
ZERSRHE | ZESNE. | HHER. B | SHEFRES
T HEOIA53% L E A X

7 BT RGRH EMA
71 5B R AR IX D YIRS IR IE

HNE B3 AR UK B 2R B I 1R IR SRS B

S5TWERR

HAE, ShEROERIKDRLAD N ZFEEMPEOARE
BES, AZAaREZMIBERSNEERTEG., BT
FHEEERSSRBE, TURRIVESIEHTEEN™E
L2k, FIKH=R00HENSHNEE, SEENEE
2R, XERFERSEEMAZBFESRHINE R,

72 BEMNERSEEEE

ERNIE IR N ESIRE TR B EMNEEIIE
B EETREER, wRFELHENE SSIEERMN
BEIET —— R FASVPWMLURIE BT e, SH
2 Z DPWM LR R T X RS,

T2 RER, UMBSSEMRS (MEdIMUZ
RIEEDERSBAN LI TEERRENE ) REEE
REREE: XEEXBeNEL, BEEREBRRESR
BREEEH8RE, DREIEREN, TRIVIERESEWL
B, HrE AR SRS TS B BE B A B IMUGE RS (A 1T/ NBE 75
O, |BICREBESEENES SN,

73 BEEERMHPITHML

BRIXE RS AR S BRI, MESIL EEIR T 88
YWEHEE, EERMNTAYNIZOEBELE: TR BED
RESAR (NSSEI. XPTAELE. BAPEAR) 05
T, MHWEXTHAE. ARENL, FBHTEEaMK
B, BIRREEE.

— AT AR IR B MAEER N EIRRE, DA
REZE . INZARNOREMS, ZASNEFHEE (W
AL, BETUNES) KEBSMNT., EUETHESE
B3, SESGHDREREREIRL, 85Iy ol g o)
ME D LI RG AR,

74 ZERBEHREIUMIES

B-WEMURENMRER, BEAEGEE"WEREK
"WMEIER (WIDPWMPREFFXHFEBTHDIE R, SEAERE(E
IREISE) . Fit, FEMESRIENEREAHEBARES:

E—E: BHREEENTHR, REAZHENEG
LB E R RN ER - B HEESVPWM, EH XA
DPWM, thEIfaEREREEH,

FIE BNBERRNOE. XINBNASEVEE,
RIEE BIEMAPEI S B EHEES, ERRRE/N.

BoE: BETTERNE/BEER, RIBENES (17
E.BE. B/ T BTVPEANRIESE, sinsEase
EHESABNELEMNES/RT, FEHMETEEERE I
MR,

FIE: REERIKCEREE., EXTHMANNEEEAR,
BT TETFERES, BEEBERIREMRIZET,
B EAYERINEEEMET TR E PSR,

FRE SN, FEBPREIRIFESSIE
AN, SLEAEESPIE, FRDRGERTEETEED

X8,
FEZEBYLHBERZER, WA REMNLHKL
RERGERR,

8 MEREFMROLRINESZE DT
81 HASLWIIEASER

BRTXFAMB AR BB F LR IWIFFER
FAUTA®:
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AR KIS BASNINVL ST B sh =818 1%,
BN S BN ERSE, WEARNREGI RN BREMHT
WEANR, BHDE, HEREXR, SFEXBAREE
¥IEDPWMBI BRI, S RFPESZHEMG TDPWMAELL
SVPWMBI B FHRTHIKE 2830 K

BN E: RAMATLAB/Simscape. Adams&E£
KN ZEREYE, BUSNEHR-AKBENNZEEER,
RARHNEENEREESR., HESFTOIRIEISEXT B
BRI e85z n)3E B E X B8 1R,

FEHLN: THEZFEINESRAEBEN ERMAEDN
1B, BT EB RN RFIC KL IREERE, Flan,
HRXTHIERLRT, THEZFEREEBS LB,
BEEIMUERSEE/NR S ORSIES, WilsREER
M ST LML EE S, RRBEOERET7 Nm (8
FORMH28 Nm) , AREESSHET RS2 WIXT
1:160,

8.2 BEREEMEX L SHEIER

AEFHRESELOT, SHEMAKRIEHERIE
XFE AN 3 F7

£3 BMENWRBEHARYR

Y0 B@AE | BBECEET | WAA ERBS
/B EE R
WHIAL DPWM BHENTE 1% FHIR
EiRT
FEEEHEIE PEA (BB RE s BEEENE
50%, BEFERE T
25%
BamM CEA REFERRE P TEBEWIZH
80%, I&EHA
FEF£66%
HEREIK QDD B RIKIME+EE el WMERID TR
=54
ZIE SPEA/Z1E7S | T9REDIIA53% = SIEEEK
PLE
Be+a®E | EEHES | BA0IW & $iT/ %
FTE16W
(1:160)

ERBZBEFEMERNL, FlI, DPWMBIFXIRFERED]
S5SEARMEBERERE. QDDRIBEE MWL TSINE, FERR
RYERTNTRE—RBIRNEREM, TRIEP, N
REEFIIBRNAR R, WANRMNFLEH, ®FE
BHRIEAES, [23]
83 MERITERFEMRELIE

MEMUAF"RENTE", FERGEMIEREERT
ITRER T

K vs. HIRIAL: FEARFF X IRZE S A DPWMB] />
FXIRFE, BRERIHEE TR, RAEENMERERT,

BE vs. BEIBE: SEARBSDHERINE, BAERF
BENTRRR;

ME vs. [RE: QDDHEZEZARTHIBAN, BT XT
8, UREXIAPEER,

MK vs. RE: HIBRENTZFRRE, BFHHEAY
BRRER, DAEGIEFUBRAFFENZS,

BE vs. A EFILIRSER, SRSEMSREmH
BRARWA AT S TERRTZE,
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toh, ShEBERIESRR ORI IR S5 B O] =1t
Mz, EEMENLREEEAS R LR OISR A
. B, MEMANEREIBERONETK (22
M. BIAOMR. FEEFEMN) R THT, AERHEEX
MEREMBEE DXL,

9 FL5EE
91 FE#H1L

AKX RGHR T ISR ARRN BB NER S
%, TEELWT:

1) SEBREREDRANESIRES AL TR
RESSEIRE. BNRRER. EoIVRRELRSIEhEE
BEL0TT, SRPRENSHELRTHEE, B
PERAL,

2) EFRELEKEEE (DPWM) B4 & B @R
DIFRRY, EERFHTUEREETLRIRGE, LG
B ORAME, ERRMUOEEER,

3) SBEGEMEE) (SEA) | FEGEMEE) (PEA) M8
BWMHEG (CEA) Fit s =R BAKSH hORD TR
WITREEBEESEW, TJEEREBIIEEDRNDELE,
RNNEANZENEZII SR, CEAEREEML T
SCH80% LA L BIBEEE AR

4) HEHEIK (QDD) AZREBIY S HIEREBHERAEE
RHED, TMBREMFMEEEL, M T ANZEZIR
MERBERUR T,

5) BANMIEEHITENHR SR, FE
HIWHBEXDIEENERBANES AMETBEHERZ A
F1:160, HET EEMABENATE.,

6) WEMIBSHRAL, BEHBE. RE. RAEE
MR ASIEIRE TRA RN, BIEEAN B SIERERE
HE,

9.2 REHRHM

RERK, IMBHMEARKDENREFNFRIMNAT
FERRA:

BREMH SERREERIE, BREH, BEPHESHE
MRS PHNA, R ES B BIEIRIN,

ZERDREIE T, FEVLBINEITT. BRBESEH
SHESREA—NEAHEITE BRI, BREFAREERR
ESSE =3

BETF2INEiN 554, MRERERUEISH
%, BIRHNRAEEEEZIMENRBDBS. REHFH
825, TSI E SRS,

2BUESBHNERNG—, RRIRFUESEMEEN, &
MENESETE, ERERZARSVEMEESWE, 0"
HE"S " BEERE.

B SHREN, H#EE S MRS B BB ER A AN AR e
1, BARFAFMARAR, NEINSBEEARATNEHE,

BASEERSRERE. CEAM¥EISITEIE
MEHIERES, H— T RRBARVML. SERRF
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BEAXEEMREBELARBEERAERBANEARER, F—BITECER, AREEL S2XEEE, BERERRENAR
—RARANTERIE, BRZRMA, MRESH ﬁﬁﬁmﬁﬁﬁﬁ,wAH%%%@ﬁﬂm@ﬂﬁﬁwﬁﬁ RMAZRES5E
W2, HEAR. EH. NuroFLEBEWTAREFNESEMZR, BR2025F T ABETW RS EIES HiHg
B, BRSBELREARSEERFRANZAN B PHZ ORI, HRSEEBRS TIRERIR, SR ERANL

WHZE, ARHRREAENESSTWART G, AXARTATAREFRMARFML., TREMNA . TURARE

WRRRMBILE S LHESE, Hﬁﬁ%%%ﬁFA& BT PRIEZARNABHRRME D FEKIE.

K TARBE, MR, SEKEME, BUEX, AR, BXREEX, SRR

Research on Environmental Perception Technology

in Unmanned Delivery Vehicles

LI Yanze
(Gu'an Chuanhang Technology Co., Ltd., LANGFANG 065599,China)

Abstract:This paper comprehensively reviews the mainstream environmental perception technology systems for
autonomous delivery vehicles, systematically analyzing the working principles, technical architectures, performance
parameters, application scenarios, and advantages and disadvantages of four primary sensing technologies: LiDAR,
visual cameras, millimeter-wave radar, and ultrasonic sensors. It delves into core algorithms, fusion architectures, and
implementation processes of multi-sensor fused perception. Drawing on real-world deployment cases from leading
companies such as JD.com, Meituan, and Nuro, and supported by autharitative 2025 industry statistics and market
analysis in autonomous delivery, the study systematically summarizes current technological bottlenecks, scenario
adaptation challenges, and engineering implementation gaps in environmental perception for autonomous delivery
vehicles. Targeted optimization strategies are proposed, along with predictions on future technological evolution and
industry development trends. The research provides theoretical foundations and practical references for optimizing
perception systems, facilitating engineering deployment, and advancing industry-standardization efforts in autonomous
delivery vehicles, while also offering reliable support for upgrading intelligent logistics equipment and advancing
applied engineering research.

Key words:Unmanned delivery vehicle; environmental perception; multi-sensor fusion; LIDAR; visual perception;
millimeter-wave radar; smart logistics
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DR R, s esasaae K BRI, RRXSETEHE, GEAREENR
SHEML, B (QSEPEFENRTUERERS) & oL IRETRERR, S—RNREEZ)RGILR
i, 2025ERERELS RERRI000H, KRy 0 DEIRAEXE. %%;Ef?@ﬁ%f/W@%%
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MR, EW. HENEMAESEEN TRENESTV
BX, B, ARMEEEYRIRE. Bk IE—%
NASEER, TJAPRIERBRAARFREEERERAHS.
IRANSEBNBRHEAZNEIL S LHRE,

1.2 ERIMIRIVK

1.21  EIMERIDK

ENTEABRZERMOBAFRESBRE, UEER. K
WA E, BRELREOSEE. BusE. 2528
R, THURLESHERBEREL, ZENUOAT
ERLIRFABEEEIRT R, REBE "BSENEEL
+2EMEEK R BEHIEEGL" NS EREME R
1, BEEHIMRAEL, ZRA/NBEAESEREL, K
B THR TR B SEERM, TIMEL XS RES
INERRAS R, SR T REREE TS, KON
BERABANLZ 2 SIRERFR, EANMERSERTH
BERESH2BMER, SR HARR. 18173084HE,
HMRIE BB R SRR E, M T Ham
BEREAE IR R R, BRRE, EINEARRERMNET
REPETRRBEMHEES. RAEEM. H2BERME
12, BEAERENAS. TG E2EMRAE., MELE
WEEAKIBER, [1-3]

1.2.2 ERHRIRK

E AT ARE F  IRIE R K RimBeiX thim, SCHLR
HRIERERE, T "HENtitt, HEER. REER.
HELE" AT ARESL, URK. =H. 5K
ZEELERENY, REHTHHEX, AX. SRERATNERG
=, BEIBHEAERR, ER 7T ERERNE RS
R, ARBFNRTAREFBRRRMAEE S S mms
A, LIMRAEENMET B, KRANEEIBRA,; EFAXL
ANEXR " E28" Ot ER T B+2E G+ =K F B IR
ER%E, LIRYIBPNEZENI8%BIITR,

EASRSRFNAREFERATSR, ERREef
REsfAEEL. EXSBNEA. BENHNEBEEZL
A, BYERERMAGEUMA, RAREESHE,
BEAmMS, EBRLTARRERMBEANGEARER: SR
B ERMEEMEANE. ZERENERERSEESR.
ZIBHERANEXRE . SHRISF SOMERE KT
O, #8977 ErsRe LB, [4,5]

2 TNRE NG RA SR BRI
2] WREAMRESZOEN S
TNRSBERZRINAR RIS L EHERRR. M
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Application of Smart Valves in Wastewater Treatment Systems

TAN Tu
(Ocean Source Trading Co., Ltd., Hong Kong, China)

Abstract:This paper systematically outlines the overall structural composition, core classification criteria, and closed-
loop operating principles of smart valves, and specifically investigates their application methods, operational logic,
and practical value in five key process modules: influent control systems for wastewater treatment, biological aeration
systems, sludge recirculation systems, chemical dosing systems, and remote intelligent monitoring systems. From
an engineering application perspective, it deeply analyzes the core technological advantages of smart valves over
traditional valves, and objectively identifies current challenges in equipment promotion, including high cost barriers,
limited adaptability to complex operating conditions, shortage of professional maintenance personnel, insufficient
system compatibility, and weak data security. Finally, considering industry trends such as smart water management,
dual-carbon policies, and intelligent manufacturing, the paper forecasts future development directions for smart valves
including higher precision and durability, full-domain intelligence, industry standardization, and green, energy-efficient
integration.

Key words:smart valve; wastewater treatment; automatic control; process system; smart water management; Internet
of Things
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