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Abstract: As a core component of urban transportation, the improvement of safety and efficiency of the subway system is
of great significance in ensuring the safety of passengers’ lives and property. Pedestrian gate-breaking behavior can not
only cause equipment damage and traffic delays but also pose a threat to the safety of other passengers. Therefore,
accurately detecting and recognizing the behavior of pedestrians breaking through subway gates has become an important
task in intelligent transportation management. This study proposes a pedestrian gate-breaking threat detection algorithm.
Firstly, the algorithm uses the mobile network convolution module in the feature extractor of the RAFT optical flow
method and adds the ECA channel attention mechanism. At the same time, the 3D structure is used in the related volume

building block and the field radius is reduced, to reduce the number of model parameters and improve the detection speed.
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Experimental results show that the average endpoint error of the proposed algorithm for pedestrian detection is 0.79. The
detection speed can reach 55.98 f/s, and the number of model parameters is reduced by 35.3%. To obtain the threat value
of passengers breaking through subway gates, this paper uses the improved optical flow method to calculate the motion
information of adjacent picture frames and combines the gate-breaking threat calculation formula proposed in this study to
obtain the threat value of passengers in the current picture frame. This method meets the requirements of real-time
performance, accuracy, and lightweight design, and can be effectively deployed to better meet the engineering practice
requirements of pedestrian threat detection and emergency management for large passenger flows within the station.

Key words: RAFT optical flow method; pedestrian motion detection; attention mechanism; MobileNet convolution;

model deployment
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F7R.
F 1 SRS YR E,

e S ¥
BiER S . Windows 11
FERIEE | CUDA 11.7
B NVIDIA GeForce RTX 3060 Laptop 6 GB
T 32 GB
CPU 12th Gen Intel(R) Core(TM) i9-12900H
B P20 E H X3k

(10)

3.2 LIRS

AR INGREER A T & 115 XHE 3 B AR 6 AL
P54 Human Flow! ! %503 S8 1 A A i) = 4R AL A
& B P A B SE DG T, b AL 107 804
WIZRIWURT 27 176 AN 6 L SEAR A, AH EE T HoAth s int
WEHER T — M ER, BRETE R RN
256%256, 1E 48 /2% b BERS A2 b b BEAT U1 k. 1% 3000
LR Tz, BE &P ERFERNETRAR, &
P BN T7 IR RIS 5. R e AR R R S AT
2R Re A R IR B okt R & HE AT TR A T R ARCR L SR E
5 1) PR 15 T T 45 SR 7 5 SR 00 0 1 L
S I 51 43 T 75 51 SR 4 v FEE 1 58 A 40 5 0L
SELE Tl ki P 01320 5 5 45 10 22 5 7 JRE A EE AR TRD,
HIELE R AR 50 s MO, A5 3fe % BIAH AL IR K ST BE 25
N5 m, LA () 10 55 s R R 7 1) 5 57 1D 7 ) K
FRIGFAF 508 10 A 5 s (AL A SCHZ 50 ms 1R[]
V1] B R AR ATEAT 43 I Ak 2.
3.3 ZWNGESBEITNIEFR

SEUSIEVR FE 22 27 & PyTorch kAT, EZH LR
WIGRHEME N 2 S RN 107 {f FH BENLRS R BE 5L
EHEAT AL A58 57 =) 3 8 R T B Zrad R i
o) BRI AN 0.004. 1 T LT Hh i 5 2k
3 55 VA 1) 1RG0 G592 0 R T R Sz e e, AN S i 1
BBV RE PR R bR A P38 RUR ZE (average
end point error, AEE). W% (frames per second, FPS).
Xof TR AN N 3% S it UG 1) SR A B AR Ak, 38 g
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i H AR SN A

PEM b5 EPE (end point error) #E{7 5. EPE 7806
WG TR R AR ZAE, PRI R ZE . i RUR 2 (R T 5
AR (11) s, H& SO — MR R ST s
TR £, FESIOERA R g, ), Z A FIRK R ES. EMDR-
RAFT JG L RE 88 153 2 EHE h a8 R G il
B, o BT AR 2R A K IR B8 SR 1 39459 311 35 o £ iR
# (AEE), irE AR (12) s, N a5 R S K
AN B AEE B bR RES J) B 7k UG A I T
R, FLARBRAES, Pl 25 SR Bk it

EPE = “fx,y_gx,}'” (1)
1 N
AEE =5 2l =sol (12)

34 LWERRST

SEIG L AT 4 X LS I A L 2 VH Rl SR, 2B 1
412 EMDR-RAFT 757 [R5 (95 37 00 2 B0
5 2 R ERIREFESD LA BB LR 2 3 412
TE SE B B 3 5 Hp AN [A] 32 T R W 250 58 % L T
% 4 472 RAFT YaimiZz i ANAS [R] eled A 1) 9 ik s
5 5 5 AR ShRE 1 5 A s v E A
bl SIS

B4, NUIE Human Flow AH5 T H AR Y Im £ 4
1E12 3 H Ax 1% 70 4 5 i 32 -, 2 0l 48 MPI
Sintel. Flying Things. KITTI2015. Human Flow %4
££1)I1Z5 EDMR-RAFT il o £, 45 21 (1) A F 0] 411 4
TR BE 1713 55 1) I 13 1T AIEE AT 4k, X bl s
e Rk 2 fs.

K2 AFEDEHREEER L

FastFlowNet!f1 RAFTY, 7 4H [\ () )8 FH 3 5t R 47
Hof Lhsag, BARSEG 4 BNk 3.
F 3 FRICTAG TR HE sz

Bk ZHE (M) AEE FPS (f/s)
LiteFlowNet 5.4 1.38 2478
RAFT 5.3 1.17 35.17
FastFlowNet 14 2.45 14.76
PWC-Net 8.8 1.42 3223
FlowNet2 162.5 1.83 27.56
EMDR-RAFT 3.4 0.79 55.98

e Yl it PR R - AEE
MPI Sintel 1064 564 1 1024x436 0.82
Flying Things 21818 14248 960x540 0.98
KITTI2015 2004 200 1242x375 2.83

Human Flow 108704 27176 256x256 0.79

MRPEZE 2 AT LU H, 8T MPI Sintel. Flying
Things. KITTI2015 ¥(#5 4, Human Flow FHE&EF L
(IR RT I T, S A FCHOE 10 7 HE e A, (HRAE
SIS YN 70 oy 2l b, JLUIZRBCE T (3] & 1)
TTII ART DA 3 A R i AR 2

HIWK, N T YUEA X EMDR-RAFT 5Ly IAUR S
PERE, #H 5 2§07 oAt = IR e AL TSV, W0 Lite-
FlowNet!"™), IRR-PWC'®, PWC-Net!'), FlowNet2!"*],

H17% 3 A %01, FastFlowNet 5 B (%10 2 5 &, {52
T B Rk T R 9L %0 EMDR-RAFT Sk
16 B B b SR RN, FLA BRI T 20 1R 22
SO0 i) B HE BV R, 5538 & 24 10 5 37 30 rh 32
2 B b TR B R A 7 .

P FRIBIE X RAFT Y6315 5 Hofth L (078
2 SRR R TE RE, B0 RAFT J6 37035 8 81191 ] 5
BTG HIRCR. T ¥ eifigh BTk, A x4
FRG A 55 S A FE O G AT AL 0 7 M A MG 2
{138 20 1 BN W B — A R B R b, Bk
{1y oz o 380 5 e A S MR P, T L S S, B
ANHRLRS T B A R I €, I B, S Ed
D% AL, FRATHT LATE — 3k %t B o (R I 2 %
R AR AME 2 5 KIS B3R EE AN 7 T, AT 5B A
BV AR G 5 R 2 E R

Je 3 Touk BB R ORI T AR [ED
Y AR MEATRT LR R, 23 B 3 % 1 T 1L
Pk 4 AT IR, 4 1 AR A S R 1,
PLASRIK; 55 2 49 I [ BRG] 07 AT, R R
AN, B3 RN A TR F AT RE 1], R BN B 4 41K
e IE #1911, B R BOR. 4 MfE A RAFT. Tiny-
RAFT A1 H At S 3 7% A A0 X 847 1 FlowNet2, Fast-
FlowNet 11X 4 4R 751 #EAT i ih, A4 s rem
AL E W E 10 Ars.

X EMDR-RAFT Yl v W 4% 34T v Al sz 46, s
W 7E RAFT Jeiifli vk W2 (o 56l b, 3214 7 3D Af %
T AR TUECR R A . 6K AE 4R B 8 R I ECA
BRI 5 30 00 245 5 A 5 0 A A
Heeb bR AE BB, 2 B E T B A L 7 Sk e
4i—1# H Human Flow Y #E £ 51T 04, KA
AR 255 H A 45 B0 480270, SE AR AL 1% A 56 ¥ i B
A3, RN B SRR FE AL AL B, SRR RN 4.
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FlowNet2

EMDR-RAFT

K10 AEDETREAT MK

%4 EMDR-RAFT JGii kTl b sz g

Wy e B0 SR T H 1 T BB, SIS RE A8 AR A LA 1)
1B TS A AT S R, T RUE I I 3] %)
B i fe R st g i o B A G R B E S A A
1135, H FPS EMNAKHE S a5 2 31.4 /s, fig
8 3 & 4 T 3 55 T S B R WU PR P e oK. A S B B2
s v B DO U 1) 1D g, PR T IR 2 A
A $2 T T S5 S A R B .

K5 B S A R

] 2% 4 ) ZHE AEE FPS (f/s)
RAFTM %% 5257536 1.17  35.17
Itk (4D—3D) 5236800 1.09 « 37.72

HKAK (4D—3D)
SHRAEL T (4 1) 51815»04 0.954 42.66
344 (4D—3D) g "

Y . 4 5213504 0.76  38.54
SUERREEA2 (4 DRECATE R IHLH

FHJeAk (4D—3DYFHRRRE AR (4—1)

FECA B IR g 0 108 079 9598

H13% 4 WT UL Y, A FH B A4 (1 3D AR S AN 4 451
SRR AR A AR BT 12859 T LA R0 e ' T RS
JE, FF H/ANIEEE AR 1 R B BT 5 545 A 4 B 5 o
NI ECA JEIEVE R UMLK, BARSHEA T L
Th, AR AL GRS AL 52 B 2 v A5 2R B0 S v % S TE
KA A S, A /N AT S 00 2 P TR e, DY 74
DNAERRESE e 1 9.5%; £ BLIEA_E AN I % 21 1) 4%
& B HL B R AE B2 A8 T A ARHE G A, 2 KK BRI

AR T SREME R, RIS AR |

fiti I, FPS #4/n7T 45.2%, i5%) T 55.98, A M T 1%
BEAEE g T

7ff# 1 EMDR-RAFT F 2 eiizshfs BG, 444
552 5 eh 1 T B T B A S, 42 B E B T
SOOI T 50 ms 49 WAk 3 I FEYF A 40 o 1 1
AT 13 1 BRI S, o A 1035 3015 B B0
BRMMEL T SE4E B3 5 TR, 1E45 B4 X Se it 1)
PV LU, T LABEAT 4 G0 T A B, WA T 3 B {RAIE
e A Al 7= 22 4 ) H .

o 5 I AR (1 JE 08 B B8 A ke
SE BRI M A 34 B R R A AT
K, FC a3 IR IS A ] 11 Fros. 454 EMDR-RAFT
BV R EIE S5 ., A AT R O Mk 1 1)
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Time (ms) Velocity Angle (°) Acceler&gioﬁ'_ Distance Threat

0.00 0.03 2231 _0.65 1760 0.82
0.05 0.04% 3971 0.03 1615 0.62
0.10 | 006 - 3637 113 1505 047
0415 0.08  59.13 -1.23 1470 036
0.20 0.02 7277 0.42 13.83 025
0.25 0.03 2566 0.18 11.84 073
0.30 0.04 4811 -0.22 1030 0.54
0.35 0.02 2044 0.03 972 076
0.40 0.02 2867 0.05 923 0.70
0.45 0.03  24.02 0.28 845 074
0.50 0.03 2473 0.79 744 082
0.55 0.14 1790 0.65 698 072
0.60 032 2016 0.58 632 077
0.65 033 2597 0.42 566 081
0.70 0.35 17.36 0.37 541 083

EMDR-RAFT+
B AR 24 5
%
%

\

EMDR-RAFT+
JRIR ST A

BT 10T AR I et L S

4 BHIEHE
4.1 HFLZMBH X3 kRFLIR

ARICEBERA R AT TP RBRE PP 2 B H X3
IR, I KMAEH SoC RGegt Fr, O AL B2 4 40 H
WY Cortex CPU & #f, 3 #F FPU. NEON Jli#,
K E R IOFE . = M A8 1 8UZ BPU A &% FI 15
BRI 22 W 25 1 H B, B EIE 5 TOPS, k55 2
THT (P A 2R R P AR AL T R RAE M 2 A% R FERE 7). TEL
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i EN RSN

ATAL T 5 TH 2 #7572 4% Camera Sensor FIR N CFF
H.264 F1 H.265 fLAgmfEMD . &% 4K@G60FPS B4 1)
S AR, SR =) Ubuntu 20.04 R4, 4l DAL P25
K LFF¥ (Open Explorer) Al JF &V &. TAESRAEW
12 f.

Gt T
| |
ALSZ | I
R T JR
|

K 12

B TARUAR

V520 171 8 s DN B3 A FH b P 28 Open Explorer F
RFEH AL SR TR AT B e 4 R g R4k,

AR R B EE e B S 1 T I 2 1
U SRR SO M T R A A VR R
PyTorch ¥ 2 STHERLIZR 3 51, TR & SHIRI R —Fi
E TR EOT & FIE 7 R o, A
¥R FEHE F hb_mapper X — N80 %01 T E R A 5L
B, W 13 o, T BT S . RS AT yaml
T 8 S 1
4.2 MEEEMIR IS IE

AP ) 2 B (AT RITQ AL, 3
BHNEE X3 JRIF R0 R 5 AT 1 R, 3
b 01 B ‘JrW‘ngn%i EMDR-RAFT 63014
f%iI{EMXE.‘ZIK g R 3L 18 SR 1 5 s 19110

S A BRI 1A, 38508 5 A, B 100 5K 4% 50 ms

BB TE T LA H X3 IR AR b, SO RIS T - e Sl E .

- -

v

Bt S A
(PR PRI A )] (PRI T )

yaml Jit & S

ONNX hb_mapper checker
T AR g BoiE T

K13 IRE SR i e

FSEAE N H X3 IR L F 15 ) T S 2% AR I,
2N 13 IR 225 40 20 4yt 1) 1) i, A
REVHSR 27 K1) [T BUMEL, 75 & S AS I ) 22 4= Wk RE 75

.

R, MERGE R 14 FOR, A0 R LT M 400 A 1]
528 SR B4R VR SRR T e 0
DR R U D A PR B R e T e £ AT
A »

K14 EUpME R4 R

FTARAL

bR

e
s giipRdE L .
S FIRAFT G145 £ BB B 1 5421
SRR T 4% BT TR KU B3 EMDR-RAFT, i
7Sk T 4 O AR B 52, €5 %
TR ORI T, WG T B8 A0 5 MR LR,
PTG T E SRR AL F X5 R LB
50 S B 8 TR 06T RO, B T 3%
R TR AR, T ELSE 5 T SEBUR R A7 A
B AW, 0SS AR, 45 A SR B
fadgr e TSR HE, MU BLAIAE, i — S5
TSR B, 01 50 455 7 7 RO

SE 30k
1 Zuo L. Public safety risk prediction of urban rail transit based
on mathematical model and algorithm simulation. Soft
Computing, 2023. [doi: 10.1007/s00500-023-08919-x]

2 Simonyan K, Zisserman A. Two-stream convolutional
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