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Abstract: To address the high misjudgment rate and low detection accuracy of existing train driver
distraction detection methods, which overly depend on head posture angle features or single eye-
movement data features, a facial-feature-based train driver distraction detection model was proposed.
First, an improved MobileNetV4 was adopted as the backbone feature extraction network. The
configuration of the general inverted bottleneck search block was adjusted, and the coordinate
attention (CA) module was used to replace the Mobile MQA module, enhancing the model’s focus on
key facial regions and effectively suppressing interference from irrelevant background information.
Second, the bidirectional feature pyramid network (BiFPN) was introduced to optimize multi-scale
facial feature fusion. Third, multi-head attention combined with weighted fusion is utilized to integrate
facial keypoint, eye-region, and mouth-region features. Finally, the resulting high-dimensional fused
feature vector was fed into a gated recurrent unit (GRU) network to achieve sequence modeling and
detection of distraction states. Experiments on a self-built dataset demonstrate that the proposed
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model achieves a detection precision of 94.5% at 60 FPS, verifying that the proposed method

maintains high accuracy with favorable real-time performance.

Keywords: Railway Transportation; Distraction; Facial Key Points; MobileNetV4; Bidirectional

Feature Pyramid Network (BiFPN)
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PE, SRS U A R BEERAE [R]— RS T[]
— AR NS SR TR L S2 0, VR T
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Tab.1 Comparison of attention modules
RSB P/%  Ri%  Params/M FLOPsIG  FPS
Mobile MQA 85.6 80.9 5.0 0.70 163
SE 86.7 83.4 5.6 0.80 115
ECA 86.4 78.9 5.1 0.70 150
CBAM 87.9 85.5 6.2 0.90 98
BAM 88.5 86.3 6.5 0.95 84
CA 89.4 87.8 5.8 0.80 110
CA+Mobile MQA 89.2 87.9 5.4 0.75 142

FH 22 1 AT Mobile MQA 7 3 JLHAE R RS s
Ay, HSBUE (Params) i35 (FLOPs) Y 5 A1,
LI T 3 e B, RT I HE 4t Sk LAt 7 T S L A
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He, WE/P). FERR) . Params. FLOPs Y4
i, Mo CA R BRSO TR B
R, A EERR) A FE bR A B A A A R A
Frig i, AHWiFR(FPS) T FE T 30% Aita, I 1T
e | A ZZRRAE @A 52 A 1 ST, RS TE R
P CA {E R EHL B O N - T 21 Mobile MQA
R LANIE , 7R TR A 25 0 1) I B AR ARG 5
2.5.3 HFERLEMLZEXTEE

S UE BIFPN 22 X REAIE fl G 0 268 X AR 55 45
R RO, PR AR (A RRAE H BURN 22 R AR AIE il
GBS, H Detect WEHL I iy VR AIWbR e, 32
THEHIERLS M4 FPN, PANet, NAS-FPN 5 BiFPN
VAT T ] — Bl A2k, XF Ee o, RRAE
il P4 % A2 2 T o

F2 HHERRE MLETLL

Tab.2  Comparison of feature fusion networks

FHIE LA 25 Pl% RI% Params/M PFS
FPN 84.3 78.5 4.2 108
PANet 87.5 85.3 5.8 84
NAS-FPN 89.7 86.8 7.1 69
BiFPN 89.5 87.1 45 98

22 A[ 1, NAS-FPN (RS0 R i, Hoamad
P SRR R P T B RO, (S50 51
AL s BiFPN RS B AIL T NAS-FPN, {HH 9]
(R T NAS-FPN 2T 1 0.3%, A i = 41
729, H BiFPN A58 < B 5 5 T FPN #1 PANet,
R A 5T 156 FH T BiFPN 4R00E fl 5 I 258 1 Sk 22 )R
FROERLA 1Y A
2.5.4 1RBIXTEE

K A AR A 5 A T2 0 TR R 43 FOR I A 7R
TEARRISEEIAEE T A TXT He, X RS anse 3 iR o

FH 2 3 T, ARG IR %3k 51 94.5% ,
A I2IE %] 89.8% , ML T SCHRI6I—131AIFIAL . K
Wt 3235 3] 60FPS, AR T SCHR[9189 2 YOLOvS
TR, BEAEHG R SCHT RN TG oK o 2R X A TdE bR
ARSI TG G AEAR S A b S T 4k
PRAS I SERF RS IAT 55
255 HRELSCIE

R T B UE JUT HRABE TR v (g A A R X D] % A TR
TEA 25 A HLTE 38 7 S0 ORI R A R, DA T A
AR L A e S T S A A TR 1) P B i R O, KR
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Tab.3 Comparative experiment

SCHik R Pl% R/% Params/M  FPS
[6] MAViT 88.1 75.1 125 25
[7] HPE_Resnet 90.9 80.3 25.6 15
[8] MobileViT 85.4 88.3 6.2 30
[9] et YOLOVS 82.3 80.4 4.7 80

[10] OLCMNet 84.8 82.3 7.1 25

[11] CaTNet 86.1 85.7 9.3 22

[12]  PFLD-CNN-LSTM  89.9 85.9 8.5 18

[13] VFOD-Net 88.4 86.1 28.9 10

ABFGE Mk MobileNetV4 945 89.8 5.8 60

TEFLLL YA (R el B VEA T T JH S, BEPELL
MobileNetV4REHVE A FLLRARAY | 5 S s midEk, 47
S-S . (DMobileNetV4; @MobileNetV4+# 25 {4 UIB;
(3 MobileNetV4+# 28 {& UIB+CA; @ MobileNetV4+
BT8R UIB+CA+BiFPN; (5MobileNetV4-+3 2544 UIB+
CA+BiFPN+Multi-attention ., 74l S5 4136 4 R .

R4 HEhLIE
Tab.4  Ablation experiment

HEA ﬁﬁf CA BiFPN ai‘gg{;n PI% Ri% Params/M FPS
854 853 62 30

N 864 809 59 35

MobileNetV4 v v 898 87.5 61 44
v odd 919 884 60 50
NN v 945 898 58 60

TR N7 FRMIEVR LS

MFATTLIAEH, PRAiAS AR UTB B
MobileNetV4 (X125 FRERfREE = T 1 FH 4344, Params
FEAR T 0.3 E 40, RBREE S 75, &Rk
UG BIHT AR R ExtraDW B ZE-S T 1B 55 ConvNext
BOPEE, DA B A B i 0 265 R 5 Fn ISz B, RE
figg 18 R R TR Ko T S S B X IR SE . P CATE
B SIHLHI Y MobileNetV4 45 (RORS B R & = 1 3.4 4>
HA A, BREREE T 6.6 1 4, AR
= T 9. AT LA MRS 22 R ML BRI BE A% i
TR REARIE NN CA FERE JIHLH], 35 50 AN S X dak
KA o K BiIFPN ABTEHUI AATHY b | K56 342 5
T 214 EST A, HEREEE T 091N EH 43, Params
FEAR T 0.1, AUt s 1 6, KRIHCRH BiFPN A
Hesigl 7 o a i ROBE#42, ARVPRRIEAE AN R 2 0]
Z WG o BRT AR IR UIB A | CA FHHI BiFPN
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FLHL L M Multi—attention 53— 5| A MobileNetV4
PRI, HORS RIS T 2.6 T E 4, AR
T 1LANES A, ParamsBEALT 0.2, KR4 &
T 10, RIS R, SR AYIE MobileNetV4
R E FEAT 5 42w AILTE: 3 0 RS D0 ) T A ) 4 T ik
YR TR, BORTERCRE EA FEIL, BRI
W BARR) T BT

3 #it

AWFFTER X 2SR5 42 W HLE R 43 ORI T vk
BRI L ORI RAR A ], B — LT
HRARFAIE B 22 BIRILT 8 A3 ORI 7R, ST
TR Sk A R AE AN AR SRR B9 8 A WL R )
S FCHRAS KT

(1) TEFFAEFlGER 53 F1) FH e i2E MobileNetV4 [
4%, HEH ExtraD W ABTEHUE I 45 R B FURSZ B,
#53 Mobile MQA 5 He 462y CA 38 A8, M4am
NI K e DX IR ) S A5

(2) EH BiFPN Z JUEZERMERLG 2%, Gk
JE R 5y BERARE AN 2R R R E S A5 2R
HRRFAE [ i . SR A [ R0 AR SRR R AR )

(3) fEHZLEE VSIS EAE, s
A5 30 0y 37 ot EGARRAE ) 5 42 BECSE R )F 271 g A 59
GRU M5, LUZmtid ) 4 SIILT 22 7 43 BOR A 14 sk ]
st o a4 % 12 )2 F softmax JZ2 AT, K
A AR P BT S HCR SR 25 2

(4) L5CEiE, K RiA 5 94.5%, K
T2 60FPS,  FL BRI BE 32 3 14 81 2 B AL 38 0 40
HICHR AN S 3 AT — 2 34
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