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Nighttime Multi-scale Pedestrian Detection Network Based on
Cascaded Multiplicative Fusion
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Abstract; To address the challenges of multi-scale feature capture and severe background noise interference in nighttime
low-light pedestrian detection, this paper proposes a dual-flow multiplicative fusion network (DMFNet). This network in-
tegrates a cascaded multiplicative fusion (CMF) module and a dual-flow channel attention (DCA) module to effectively solve
the issues of pedestrian scale variation and nighttime noise. Specifically, the CMF module adopts a top-down multiplicative
mechanism, which integrates cross-scale information through element-wise multiplication, thereby suppressing background
noise. Meanwhile, the DCA module constructs a dual-path attention mechanism by using one-dimensional convolution and
fully connected layers. By employing a learnable mixing factor to adaptively adjust feature channel weights, the DCA module
accurately enhances the feature in pedestrian regions. Experimental results on the NightOwls dataset demonstrate that the
DMFNet outperforms existing mainstream methods, achieving a missed detection rate of 6. 85% on the Reasonable subset.
The proposed method exhibits superior detection accuracy and robustness, proving its effectiveness in detecting pedestrians
within complex nighttime scenes.
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DCA #¥ilt J5, Reasonable T45 K %0 8.27%; M4 [H
BF5I A CMF il DCA W A B8 if, I A R ik — L [ &
6.85% . FuilF T P BEH S A Rk . A, X
AN B IO e Re . FRATAE CMF JEaili 400 51 A
CBAM HI CA #ith, SLHm45REW], CMF+DCA B &
BEN A 6.85%.

MR =

SRR, A LTI AL A IR 22 ROBE AT R I Y 2% . 273
Tl RGO AR B B 38 AL s 58
Wt B MR*
HRNet | CMF | DCA | CBAM | CA Reasonable
N 11.82
N/ NG 7.92
N/ NG 8.27
J N J 8.45
N N/ N/ 7.73
N N N 6.85

Ry B iE 3 1 il G R Ll A e Rl Oy S L B, AR SRt
Tk RS . PR RE S AR MRS 3 R ARAE Bl A R
W o A S 30 1A R AR5 A ] 10 190 45 5+ AN 2l . ek
A8 CMF e il & 82 E Jr K. £ 2 JBoR T A &
MG PEREXS L . SEIRAS R R W] . A SO 0 S Mk Rl
K W& 7E Reasonable il All FEMWIRK X2 EE T
6. 85201 15. 61% . HUfF T etk g,

2 A [A) Rl A SR Y T RS 5

il A S Reasonable All
ik At A 7.76 16. 89
Prem & 7.42 16. 36
e 1 b A 6.85 15.61

1 DCA Bk, w[2E22] 2 0 Bk TRk 5
4 JRy 6 AR AE R A Rl A B 00 06 A EE 4 . AR 5 A X
(4), FhAAE Ml Sigmoid A 60 2L . N TR 0 M9
W3R (B A AR A S M B A PERE B S A, AR SCHE Night-
Owls B4l 4 1) Reasonable Fil All 74 F#t47 T B
BT LT, FRATTRE T ORF M 0 91 i {E 17 X L
5 0 (ERERUHI) . —0.8, —0.5. —1.0 IKIE
fH 0.5, LA 3 fim, f£0K—0.8 w1, HIA
A5 A I T e .

3 DCA BiHIR A N T 1Y 8k 53

O et Reasonable All
0 7.22 16. 35
—0.5 6.94 15.82
—0.8 6.85 15.61
—1.0 7.08 16.18
0.5 7.35 16.75

2.4 ENXLEAIE

N Az TEVEAl i 42 59 DMEFNet 78 42 [8) 47 A4S I 4
% EWA %, AR SCTE NightOwls #1 CityPersons B~
BARFEEIEE LS BT IEHET T X s
Bo PR JPEYR A EOF A R (MR ) AR T
Wrigbr . BEBAR R R TERE BT

2% 4 BJ5 T DMFNet 7£ NightOwls 3 #& 4 F ) 1k
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o34 %

REXT L . AEH AT LIE . DMFNet 76 i 5 0 748 I

YISEI T Wk RESE Ft. 7 Reasonable F4E I, DMF-

Net B/ 1 6. 85 % AWK 3 5 A6 /N RBE AT AR J 1

TA R E 14.72% . LB R W], AR5 3k 78 4b 71

TLIEAT NG ) 22 RO S S S Bk 0 1l LA i 5 4
%4 REEEE NightOwls $R4E T 94 sExT H

MR *

ik Reaso-nable Small Occ All
ALFNet?* 21.01 33.09 | 61.06 | 32.18

TFAN" 16. 50 — — —
EGCL™" 15.93 26.25 | 50.36 | 28.73
FATNet""" 14.02 22.43 | 43.32 23.28
FBCNet-'" 13. 64 22.70 | 46.91 | 25.61
Ours 6.85 14.72 | 42.21 | 15.61

MG IE DMFNet )7z L e 71, 4 ¢ 7E CityPersons
L HEFT TR LSRR, A5 RANER S R . AT IEEARH
R 174 T WA T B&AEZ R, 7E Reasonable £
-, DMFNet BUA3 T 9. 6% (i &z %, SLH 45 R R0,
DMENet 76 i 5 5 ft i A8 45 366 1+ I E T FF 427

R PP AT
5 AFBABEALE CityPersons g4 b PEREXS
. MR *
Tk Reaso-nable Partial Bare Heavy
DAFCH"* 11.8 — — 44.8
DA™ 11.5 — — 51.1
EGCL™" 10.9 11.6 7.4 46. 4
csp 10. 4 9.3 6.8 48.1
0SS-OCL*! 10. 2 — —45.9
SMPD 9.9 9.0 6.5 45.6
VA-CSP™ 9.6 9.1 6.6 48.1
Ours 9.6 6.94 7.8 44.3

2.5 HRLSH

ik — 5 56 4IF DMFNet 7647 A 4% AE 26 35 75 T # 2
PR, AR B B 5 DMFNet £ & M 5 F 1)
AR SR AT T AT AR T LG A BT .

i 4 BroR . 27 B R B 2 T iR b B AT N I i B
B, 4 E 4 DMFNet () 545 5. Al DI 8, Ft 2k
TR XEAT N N LSS . BRI AR B A, I HoR R
FREREK AT N A EERNG T, X7 A8
RS ANAE R AN R E . DN R T R4

Baseline Ours

P 4 DMFNet 45 2 20 A5 8 19 457 il 54 P X LE

TELE LR F . O HOULRE 78 DMFNet 76 K3 45 2R )2
TAT AL 3 s AR SCaE— 28 X R B AE NightOwls #il CityPer-
sons Bl 5 EAEAT T AT B4R AT . P S BN TIRE Ik
5 DMFNet £E A A B 8] 5 568 BRI ROR XS H . MUIEL S
T ROREE R, BT IR AR S 2% BB IR 3 5 A A DA i
). RO MT (B S5 (). AT AB R
5 B A, AR T R X Ak N RO AT A H B
WS TR A o AN S i B P A I T A R AT N H
bro AEREINREST AR 2 s 25 5 (5 (b)),
K2 5 10 6 0 A 5 1) /I ROBEAT A AN S W, i AR 3C T
EX R AT NGB T HER AN . BeAh. AE Cityper-
sons BRIE&E ., 7EEI S5 (o) WMERBERGRT,. ML
B R RET . MR SEAEST N B AR RPN AT A,
PR RS, WA SCTT IR 795 S0 40, R B
WA OL . LR G ARERM . ASCTNEER RO R &
Z ROEAT N A5 2 Bl b i 5 5 T 24 BRI RS vl 5 1oy A
PERE. B UE 1 T4 07 0 B RO A R T

Input Baseline DMFNet

(a)

NightOwls

(b)

(c)

CityPersons

PS5 AN [l BdiE 4 P AT AR B A R A 25 S0 1L

3 ZRIE

AR SCAR X B RO BRI BT T 47 AR I 1T e 17 22 R
FEAE A AR R ME R3S S M s TSR A, 2 T — AT
I PR Al G 5 ORI 8 T8 R 7 0B AT O R R 45
DMFNet, i%J5 ¥k Fl HRNet /£ 5 & T W4 2 2 R
JERRAE . BT T G Al M il A B e S B RUJE RRAE 1
BB TR T SO T, 4R TR0 A
IR SR AT N 22 RO RRAE 19 2 B8 1 . 78 NightOwls
F1 CityPersons 5573 JF  fE S0 4l 4 L p 9208 25 SR R W,
DMFNet 7£ Z WA $5 b5 LK 2] T e kK F . 4 fl s
B iE— 25 B0 IE TR [ AZ OB A A . A SO IR TR
AT AR OB RARAE T e %, e B s ah, &
REACHH WE . 1 R) 42 Bl 3 G 46 S b b s v LA T I 1
FHRT S, SR AR SO AR AL — Se 5 Bk — L 5 % 1
HAR M, M[T, AR IEMTH A R A, A
AR B A LASERHERE Tk — itk . A, A
D5 vk B AN 38 g T R RAT AR, ROk TAEH
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