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Abstract: With accelerating global urbanization, traditional rail transportation faces challenges in capacity bottlenecks and the
need for efficiency improvements. The development of the low-altitude economy, particularly Unmanned Aerial Vehicles (UAVs)
and electric Vertical Take-Off and Landing aircraft (¢VTOLs), provides new solutions for rail transportation systems. This paper
explores the integration of the low-altitude economy with rail transportation, analyzing its potential in improving urban traffic
efficiency and promoting the development of smart cities. The paper discusses the key technologies and practical applications
of the integration f perspectives: integration motivation, technological foundations, and application scenarios. By introducing
visual perception, communication, control, multi-sensor fusion, and safety technologies, the low-altitude economy can enhance
inspection efficiency, construction monitoring, and emergency response capabilities within rail transportation systems. This
paper aims to provide a practical discussion on the integration of the low-altitude economy and rail transportation, further advancing
the development of smart city transportation systems.

Keywords: low-altitude economys; rail transportation; integrated applications

Wis HEA: 2025-01-06  f&EIHHR: 2025-03-18
—1EH: HEE, B, L, ESATITREM, MNFEREZTBIIFETESERLEHZR, cnchunhai.gao@bj-tct.com
BIEEE: K0, B, L, #F, NEREXBIEZTEHFHEREZHR, lizhu@bjtu.edu.cn
E€WMAE: tERTEARZES(L241011); tERHEMBEREBRA S(2024-JT-06)
SIRE: SEE, £, #iE, § BRELFE5ETHERBRESNRARE SN AaK(J]. MAHRAZE, 2025, 38(2): 14-21.
GAO Chunhai, ZHU Li, MIAO Jia, et al. Technological pathways and application prospects of low-altitude economy
and rail transit integration[J]. Urban rapid rail transit, 2025, 38(2): 14-21.

14 URBAN RAPID RAIL TRANSIT



RELEFGH T BB S HIRA B E ST =

Bt 4 BRI T AR (N3, 3k T A i e
VR (R PRl o A A Ay BILA I T A (1 T 2
JRHRGy s SEREIE R ARBRAT AR SR i, )Y
M RN b ah A benia . JUHAE M PLIEAL
ARG AR E, HUEASE RENS AT ity
(AN ) L, 3R myla s, IR SR E .
SR, B SRTTN C (FE AASE 755K 1 SURIES, B
T A A PRV I B RIS TR 8B ORI TT LA
SLhb vt AEY OMERE, IBHT I LR R, Ay
T B BB R A RIL L i) 7

R 25 225 PR PR W A DAy 3 — i AL A3 T A P
YT H AR THARIEAEMRE AN B H ) 1000 m
LAR, HARAIRYE TR YA 3 000 m) T E 28 5F i
CIRNES WNCT EIES PN T S REPIE AU TR
A BRI RNV N, HfESh A A 3R 55
BT SE RS P e TPES 4 5 7 d A G e B
) M GRS R D01 Bkl 28
SRIMSCRE,  DUSAR SRR A 22 D R e 4 Bl i &
N, RN AT, RSB E h)
PTRRNG - #< B €77 NS R i } 9/ (B NS 7 4 %/
SEJTI, EBD ARG RIS AR S T, kA
B

REARES LR 2 NIRRTz, EE
TR ST B A (RFK “PIEAE” ) R G
KIBETEIARR B o BT SO 2 B b TR 2 DHED)
Wi AT AU Y, T ANLRCIE .
F T F R AT 35 (eVTOLs) 3 i 25 A 70914 X
SERF ST AR B T BRI R R B RO FEA N, (HEkZ
R HIEASEAN G B RS SE. A TR
M s HRGERSE RS AN, SRTHIEASE KR
e AL BTURMCE A Py W YA T s ) 255 TP
PR AR

HHT, PUEAE 0T 2P R e, B
PIIBARIE . B, B AR
A B R G vt SR, AR S HuE AcE
ARG HABT I TR0 B, JCHRAE i
22 NI THPUE A 132 8 0K« BRAR A
S BRI GRS, ORI ZR G VERT T L P35
RGN R4S .

DL, IR B A PR Rl 15— % HLk Ay
RN I B, IR 2 AR R 2 r
PUBASE AT R, B2 0 P I RO A T Al

=&

g=4

G

AR AT . AESRTTT A REACIE Rl derh, R 55
AW A B E . Wit , MR G
ATIE (RS, IR REAS B R R B . Bl LA
SR R PR TF B TR 4R A AR AR S e A

AR OB IR ANV 25 48 55 5 LT A0 38 2R 4 11
Bro AT AR TS0 1T A2 T R R HE B R A
R . RS U@ AT b e, LI
TEWYRIS T HEAb AR RN, e W A A,
(10 B 7 B SR B A e AU A A . A, W)
RIEIERMEAAR TP B Re AT, itk
TACIIRSE, ST IER SR, (AT 5
LS9 48
1 Hudzgarh s ALy nshF

B 3T A AR R R, 3T N I (R O A AL
7 SR PR A 1 K AT 753 20 108 A T 2R 0 A4 ey DA ) B s
U8 (A3 s O T S EER ], UAVs F11 eVTOLs
SR N ARSI, HEERS RS IR
JESRAE T ORI DT E

FENE RIS B RO R e AT T, RS Y B A
S N VI L2 NI B gy & X B e d e g N
NN i A5 S A G R R e, nl Pk
)T K, S SRR E B EOHE I B S ] e
Baifo 7ERSIE. MRRSEEIIAE, BN 24
R SE AT S, LT TSR, PR LA, 52
850020 =1 R T Rl 4 L O

TETE RIS BT T, o AHLRE SE I B 428 it 1
W, YO GUERAT R (AR 4l . REFAL
BENIZE ) S A AR BR (0 i 4B e AV L),
TRt TS s AN mIEE .. W, AP
T ERALETL A, MeisIRE ), BT e AR
IEEHE,

FEI PR TE AT MR 4% 12 S 7 T, A N i 6 i
e A HLY IS ), R R T R R
FRUS TG AT AE 2Rl R AT 4 M 34 T i i LA 2%
fige xof b T A2 38 [F) R ), AEAR SR A0 T R G A7 A2 4
“Boa— AR RS AN LS PG ASHE R
Grth G E, PUHORE B A BIUE RS i SRR BRI
A RORF I HASIE R T, PRI, I
Y25 .

FESRTH I i R RS 8 T, T AR LR
T RGO TTE . e G N 2, Sk

URBAN RAPID RAIL TRANSIT = 15



EHIRBIZE - F38% F 28 2025F 4 A

KRN, DUV NR . BB b
SR il SN T B e AT R (R, TR
ARSI, RS I K R R D,
Tl Sy gt BT B SR, Wb, i 5
BB ARG, T WU 3 K2 o I e
SEHE, WOBR, BT RGHUAR e

Gk LTI, A7 RN T BB ASBAEE )
(NS SN R T S e
BUG TR, R Al R eI 70
MR Ts %, HA TS SRR
2 (R SHE AR A R BEEAR

M6 AT R, AR R TR
TN AT S T O St VST N
BTHHLIBASEAR . AR, SRR, A2
PRIE, W 1 i

x1 KERARNESHALDLE
Table 1 Summary of key technologies, functions,
and applications

BAREM 22 BASE 1A% %
- AL AR A B .. e

it R Tjﬂﬂ’aﬁaamgﬁgﬁig iiﬂﬁ\ﬁﬁ
. AAHESFA

T HEEm, L2 HFE. KER | RAMELLR
e 21T 253 BHeAT

SERE AN, MiE ALZLAMHTH BEASADER

WA EAEL FREAAME S Z8 2 AT %

EHNE RAMECSTEI] RANCATEF E RANILIE B0

. £FATHRRE BATOKDEH R T
21 EEEREEA

BRI AL LN THEACE R G K
PR R OCHBAER, B 0 R R e it e
2 R 1 S N PRI B SRR v bR U T RS 1)
M PUNBIA, o AWLAT DL B2 T A8l R SE )
WA, FRBOIRAS AT AT A

To NMLAC £ il o] WEARHUFIZLAMENL, R fig sk
I B R e e s by, EdE T ORI TR
fie H AR 5 BHE AL 35 (U1 YOLO. Mask R-CNN),
PTG 26 % A% . I T A5 Tt 2 A 7RG v B ARG,
mELE. . SR ERO7 SR g T
MR T 50% LA Bk, JUILAE A R AR X 4k
(N B&E P SRR 420 A A% 78 i N Tt LA file K% (1358
R, R B B A 1 ) 22 A VP A

B B ARSI IR 2 A O B A 2 A A P R

16 URBAN RAPID RAIL TRANSIT

gt BB SRR I SRR S . ML
TP B PR B 38 A7 AU K S, E B A i
AirE AR, $RTHAES RO
22 FIEBERA

PUBASEIA BT RO, Wl IBRET I, R4k
N BUE LS 2 32 B, Bahfs SE d A RUE. Mk
PV IV QN EIRS R 7 Ge o B W 3 VA LT T o 6= i
T AL

AAERLAEHLRIZE & T 5G 3E . TS Mesh
AL AR AT TR A7 1) EUHT 99 45% 55 2 Bl A 152
ARy BRZ )RR A HEAS IREEA R . 5G IlH T
AR R R AR IR R P, RG] T3l &
(RSN Bt A s 1L AR AR DU ) 4l s A iz 3t X
HAEEAEN, ORI ANAEIE 88 37 0 A7 /538
B DI T BERSE XE#; Mesh HH AL A &
RS VER S, BENSAE R R IAEE FRIEA M, I
SCRE N S -

B TR SRR BRI, SIS RE
Ja 2%, B ANAEPUEASE R Ge vl A AR FEOE, 3
AR, SRTF SN PRI OE R, i RE RN
M, DRBEMEATEE N A EATIES .
23 ZERFBASEMKA

FEPVIEASTE R 2RI, DA S HUEM HIARZ IR,
TEE R TN URE LT R . 2 ARG AL
AL AHOC TS WRALERS . AR AEE S
WLARZEAE, T LA RERTHE ABUAE R 28R BT 1R 5E AL
LR RIE 2 A N

WO T IER Ao B = e B 8l , AR B AL
PURBERT) . SOBTHIEL, JCHAEAILE 2 IR BB A R
IFOL I s W AR AR Ah 7R AN (5 R, ST
s HLARTERI B S AR G S A RS e o 1 i
Rl IR AL AR B, W R T ANLAE R 2B 1
TR P V7 ), PR B RS 5¢ 1 A SR AE 55

BEAh, JTEABUAERAT RIS, b/ LR S
FILER AL (U BR AL BR 2R 55 PO o IR Al 1 e A SR A AT
XA ZR 2 AT R D)%, M IRIEANIAE RS R
FRAAR 2R T I 2 AL AR AR R — 2, E S PR AR R
Ge e M P BN EAL IR 22
24 THIBEAERA

TN TAESN RS AT, A 55 5]
Doz A R, BROR AT 2 R] I 4
AREREE, HEEAE S Fi AT 05—



i

REZEF S TE R BHE AR B E G HF =

B, AEFVZEBE AV DX I R AE T AL CAT 30,
FuREFERI T2,

2% 1t A [ R S R SR M s R E AL AT B AR
SR EIBITE#AR . TANUKSN G0 8  TE S AL IX
S AE RN K RN TP IR 7 S 5t S b U 20 B i
fH 5 H RS I SE N A AT e, #2246
DN B 4200 5 2 50 5 T OB BN L - T AW LAE T,
FIZEATENAENX s HUZEIEATI, TEANUEEN RS
WX, ARERE 42 4

A, ERFRIE DL, B ANUE S 5 IS 1T 1)
R T B S EL E SRR LRI A Al
X, EANLEBIEShE Y, CEXEX., T
INLEG B B30 R G0 T R e — SR v, st i
PR, AREEAE A k. 25 b Al B R
TREEF 24y, SCRETE NG IR 55
3 RZS LU 5L A i R A AR T

A

B4 UAVs. eVTOLs FIAME S HARM R, (K
FEAREPIEZE R N SR 2, FHED
TERM#ES . UF A aHEss 5 80EA8 @4 LA
AN 5, XL SRR T EUE A RS
EHESOR ., RS R A A,

31 EKEEFMANERBEEMNL: EARE

5%8&

PR PIRE T T (IS 1), M “A+TC AL &
gr, Wi ZHLEEE, Zia N TR RS KRS
A, S RS . SR BRI S hRE, R
RN PUEASE A B R, e Ay RO I A5
AT N TAEME R e AL A6 7, FROI “AR A5 +31
ERNIRE ST TS

= ! 2
1 PhA R I 1 EEE

Figure 1 Direction 1 of collaborative development: management
empowerment in low-altitude and rail transit integration
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Figure 3  Rail transit protection zone inspection
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