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A review of research progress on runway incursion prevention technology

ZHU Miaomiao, WEN Xiangxi, HUANG Zishuo, OU Yang, WANG Hao,
WEI Chenjie, PENG Jia
(Air Traffic Control and Navigation College, Air Force Engineering University, Xi’an 710051, China)

Abstract: Runway incursion remains one of the most challenging risks in aviation safety. Existing prevention tech-
nologies still exhibit deficiencies in surveillance coverage completeness, conflict detection algorithm accuracy, and
human—machine interaction effectiveness, and extensive research has been conducted to address these deficiencies.
Starting from the causes of runway incursions, this paper categorizes prevention technologies into three dimen-
sions: surveillance technology, conflict detection algorithms, and human—machine interaction system. It systemati-
cally reviews research progress of surveillance means including Automatic Dependent Surveillance-Broadcast
(ADS-B) , Multilateration (MLAT) , Surface Movement Radar (SMR) , and video image recognition. Two
types of conflict detection algorithms—geometry—based and event-driven—are analyzed, with a focus on the two-lev-
el alert mechanism distinguishing runway occupancy from runway conflict. This review argues that multi-sensor fu-
sion and deep learning represent the mainstream approach for enhancing surveillance capabilities. The two-tier alert
mechanism has become the consensus framework for conflict detection, while human—machine interfaces are evolv-
ing from single information displays towards integrated, intelligent decision-support platforms. Future efforts
should focus on addressing key challenges such as non—cooperative target surveillance and algorithm robustness in
complex scenarios to establish a more comprehensive runway incursion prevention system.

Key words: runway incursion prevention; surveillance technology; conflict detection algorithm; automatic depen-
dent surveillance-broadcast (ADS-B) ; Multilateration (MLAT) ; video image recognition

Wi 2026-0623; fEEBH: 2026-09-23
BE&WE: HEH P FREEECXGLO0D)
BEMEE: ETO(1996—), B, ML, Y. E-mail: kgdtthzs@163. com
SRR AW AP, 2 A, A B R AR ORI T R[] s TAR
ZHU Miaomiao, WEN Xiangxi, HUANG Zishuo, et al. A review of research progress on runway incursion prevention technology

[J]. Advances in Aeronautical Science and Engineering. (in Chinese)



2 i A TAES

0 35l

21t 20 UK B B AN 2 ok B S h 2
H 35 it BF 0 320 A7 25 T B 38 ) S KR 4R v TR —
B[] B2 9 ZE AL 38 17 B9 25 4% L A RN B AR
B Z . S T S K Y IE 1T R OR L L
By RLY K, B 25 R A e HLY T AR
kAR RE 2 K . AR R LR
[ AP N B T R A S AT K R R
B T ™ AN B TR R AR G . 1977
A3 27 H VG BE S IR R BE 5 9% /2 B AL
S A R P HL B s U SR I 747 & LR 4 i
583 N M, J& AT FAET- NS 2 0 B iE R A
FHLEY, 20264F 3 A 22 B, 55 H 4 L4 50IG WAL
KM, FEMWAL KT LT, 41 A0
W5 R W, DL iz Sy i BN 209, kAR BLIE R A
B4 AE SR 2 A N () 36 140960 #E & [, 3 2219 20
AR L HE Y L (R AR A 2002 4F 19 987 ik 3
T 2020419 25 036 I, MUIEIR A LiELL £
AR B A O B 52 i i e B A (NTSB) I %%
Ak R B T o MUE R A /AT
LA SR KA XU e iR, B AR BRI R BN
TRBE AT L M EZA & 52 B AL ZS O
FHICEE

HE R AT RA A S, ARk
R A1 HL R A ABE 6, — O T TR AR U KU 119 A TR O
BT bR R AR, Y — 7 T R 1 R BB R .
SR [ N — e AL AT Bk = 0 EE A B T B S
AHE it A7 b & R 1T i 22 TRME

Schonefeld™ & H , BT A 47 % 09 #3812 A 1 By
BRI B G — o0 B iz 2 5% (AT
BB R R O B A R, B R A
B 07 A2 7 B UM B SR A R
T M, B B 0 AL AR AT 4 Sk K ) — 2 T R
T B a4 R S AT 3 B e A R A R
7, TSk B Ok B R R AR TR BE R AR 5
ZOERANK ST 2k A PRI b g &
R ERR S, — BB R S E A
TS A E AR WAL A | wl g A T 5 5 KL
ZH.,

A% SC A B P A o B T AR A R R S R
PRI SE S XT B T R A B 98 W B R LB R A T
SR L DL B AWLAE B 347 Ml 4238 T E N 4h

il

Xt B8 4R A BRI T Bk 4, e A T Y BGE R
N B3 9 B AR AT AE B A AR K S e, O e &
fRBIF S 4 A 7 1)

1 HEEANHHE

[ xR AT 25 2 40 (ICAO) X #1382 A B
SCR LS i AR N DR 15 M AR R
B 8 Ja) 152 1) B R PR AP IX . FAAYDRE B 2 A
R4 9 A-D A E G, A SS9 R i
JUE A A LT R A i 5 B AF 9K Al AT RE TR
AR a5 R 0, Shy 3B A il 48, W] R T R O 4 T
5 il R RE WL B 5 C 35 G A R A% I i) 253 (1] s £
Bll 48 1) <R A 5 D SR Z00h A7 LB (= A PR TE B T
B N DB ROBL A R M {5 B R M B A2 AR IX
B A 1 BRI 2 A R R A, o AFI B 2
o G B 5 T 2 57 BP9 A

HIERAFAEEHZENRE NS, H
A AT ARG AR SR BT R 2. E A
S 3 R R B A 450 AT B I 22 (Pilot
Deviations, PD) | # 1E #& 1% /Mt 22 (Operational Er-
rors/Deviations , OE) A K %4 /47 A\ i 22 (Vehicle/
Pedestrian Deviations, VPD)" | Singh"' #F — & %b
7 T i# {5 W 22 (Effective Communication Gap,
ECG)IX —®@mZME ., H,PD 48 AT ATEH M
AT R R (AR DR L 2 SRR R R R
FERE ; OF ¥ M4 i 51 A 4 R 46 4 (1 7o
VFHEA T8 S A #LIE ) s VPD 48 s N 5L R &
VP Al g A 8 X 38 ; ECG M 4% 48 DX 6 26 |, 3 {5 1)
A B AT B R IR AR B AR — R
AR & R F B Rl PD 8% OE IR 7E 29 70% 11
2 5 0 v 5 X AR ORI

RN R A S T ECE SR A IR 2 A
NHEE . HPRRAAS(ICAO) S ALY 7ECBT 1k 3
AR AEERIT SR (GAPPRD Hobs H A 94 4 A
RFRIMES IHE S PR R SRR TSR
HEIE HRBI AR 2, 8 5T NTSB
A E R TE RN 5 - SO N K = [ R @ (|
W A8 5% | 2 B T VA GBS ) R R/ SRR T
BANNHERPWE D ZE, A, EH AT
YR AR B 0 5 | K 3 = A B A% U TR 2 )
Z =y

B 7 NN R AL 0 Y S 1s 47 2 5 [ R



IR T 1 A - BE 1R A B TR W 3

SR R MR B A2 AR 1 R G AR L. Omosebi'
WFoE R W, DL 4 i A7 2R R 0y 15 0 55 3 1= A B
HEIEMHE. 540 WL 0 U FR A B 2
i : Johnson' " 45 A3l 1 G2 1143 A ¥ s , ML T8 5 W A7
TH A A SRR T SO AR R A G
HEPRR WA S B LR AR & . X B
UE T Thompson [0 85, BEHL I 9 B BL | 22 38 i &
iz 8 5 F P2 DL A Z i J7 =X 52 e 26 3 38 4= A XL
W, 5 45 791 Bl O W 7 R Y B T AL AL
R A2 3 i F IS A R 8 AR R K R K
S AR B, IF HR 2 A R B2, IRk O
R R A s T2 5 CAT 0 VB 5L
T I B ) R SRR . 4RI, Ison' R Ding'”
MIAIE 5T R, AT 8y B 3 Ak &R GE Can s R A AT
A-SMGCS) Jf oA 1 35 9 2 - 22 031 14 ™ o 4 Ao
825 CRFMIMAAC, XU B3
RGL A v N R AN AE B
T A7y 55 A A DL Bk B o A 5/ AT B AR

ﬁﬁo
TEEINE G

HTREE
(PD)

ARENER | ABFENES I

= |

EREIRTR |

]

BRERTR |

TIFEidE | TriFdE |

K1 FIE R A B A

Fig.1 Analysis diagram of runway incursion causes
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Fig.2 Diagram of the Structural Framework
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