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Abstract

The dynamic range limitation is intrinsic to conventional RGB cameras, which reduces global contrast and
causes the loss of high-frequency details such as textures and edges in complex, dynamic traffic environ-
ments (e.g., nighttime driving or tunnel scenes). This deficiency hinders the extraction of discriminative
features and degrades the performance of frame-based traffic object detection. To address this problem,
we introduce a bio-inspired event camera integrated with an RGB camera to complement high dynamic
range information, and propose a motion cue fusion network (MCFNet), an innovative fusion network
that optimally achieves spatiotemporal alignment and develops an adaptive strategy for cross-modal fea-
ture fusion, to overcome performance degradation under challenging lighting conditions. Specifically, we
design an event correction module (ECM) that temporally aligns asynchronous event streams with their
corresponding image frames through optical-flow-based warping. The ECM is jointly optimized with the
downstream object detection network to learn task-ware event representations. Subsequently, the event
dynamic upsampling module (EDUM) enhances the spatial resolution of event frames to align its dis-
tribution with the structures of image pixels, achieving precise spatiotemporal alignment. Finally, the
cross-modal mamba fusion module (CMM) employs adaptive feature fusion through a novel cross-modal
interlaced scanning mechanism, effectively integrating complementary information for robust detection
performance. Experiments conducted on the DSEC-Det and PKU-DAVIS-SOD datasets demonstrate that
MCEFNet significantly outperforms existing methods in various poor lighting and fast moving traffic sce-

narios. Notably, on the DSEC-Det dataset, MCFNet achieves a remarkable improvement, surpassing the
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best existing methods by 7.4 % in mAP50 and 1.7 % in mAP metrics, respectively. The code is available

at https://github.com/Charm11492/MCFNet.
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AT SERE R I O R DA R SR . BhS, JRR e A A R DI AT v
MR fcha, FRATTN 0 2 B AMBEHHEA T R 5

FESE T, FATIAE T A TRBAAE A E I SR E A%, B DSEC-Det (2) Fl
PKU-DAVIS-SOD (2) .

DSEC-Det. Z&dla4E (5 ] RGB HHL (1440x1080) I HE B EAHIL (640x480)
FABRIY TE R B . BEAAE 53 TS, Hob 39 MR, 14 AT, ST 6.39x
10% i (?)

DSEC-Det Hil 4 A Z M UAARE. Hrt, Hi DAGr (?) Hil FPN-fusion (?) i Fift) H ZhFR1E
FE BRI N, T SFNet (2) $RAE T A TAMER N TARERSE . L, AR
SENet (?) BRI, HF IR HER 4 SR AR RR 24 T LA

PKU-DAVIS-SOD. ] DAVIS346 Fi{AHHLIK £ 1 PKU-DAVIS-SOD %4 H 4k T 2% i) %) 5%
(¥ RGB MiRI {3 (346x260) b, YIS 6.713x 10° b3%:, MHRAEM S 2.141x 10° 47
o B ATEIE SR A=A (IEF . SalBHADE) ) .

SCHLARTT . FAEE Adam HREALZRIZE MCENet, 2:3]5%600 5x e~ | fitEAR/NR 2. W44
#2R ] YOLOX (?) (1) CSPDarkNet {4 RGB £ TFIFF 31, YIZhizifEh RGB i ASEHL T AR
HER) YOLO sy i, WFEPHERRARA.

H TP B S RS B AR — 80, IR TR L& . 4T PKU-DAVIS-
SOD $ifs S 5L, ¢ T RGB IS4 Bidhs F A A R 2 9%, FA] i) Dy VA A S8 B IS 1 7
EDUM #idt. 7EHESLE T, T EvimHandNet (?) Sl @k IR s st iy, Fef14un
H A B CEM B gk AT 11 CMM DUHEA T AL, TR AR B2 T HA A 2 . P by
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W, BT AT EUA U R SRns AR PR LR

P FERR. FATR COCO F1h7 (?) Sk PPAL B Al i s o4, f13E T0U BI{EH 50 % i1y
mAP50 FI7E 50 % 5 95 % Z [A] /) IOU {E-F-¥1) mAP., h TIPAERIAR0R, FATERE S
FLOPs iz {7 ]

BT VEFATEE R B, FATRF MCFNet S5t (SOTA) 1y H ARKIN 5 ¥EHEA T HEEL -
B, ST SRR SR SR 1A R, FRATE R USSR S R RIS B MR AR A T
ER N

54k (SOTA) HARM LM . AT B 4R A9 5L SOTA H s
R 7 AT T IR, B P TFRR ik RVT (?) FI SAST (2) 5 =AMHT RGB (75
#: YOLOv11 (2) . YOLOVI2 (?) #l Mamba-YOLO (?) ; A K PUABE TRl 7% : FPN-fusion
(?) . SODFormer (2) . EOLO (2) il SFNet (?) . B4k, H 7 5HAb@ GBS T, FRATH
EvImHandNet (?) 15T CNN [l 5773 CFM Fl CAFR () #5148 1 2 1) Rl By B Bk
e T HATH CMM. JRAE 1 7R, AT MCFNet 794 $0i 42 3900 T 804 1 H ARt il 7
o BMRCRBE, 7EHIRF41Y DSEC-Det $diidE 1, FA1H ) ELE mAP Fl mAP50 4351 1t
S RN 1T Yo B 7.4 Yoo TAEZE KA1 DSEC-Det i 4E ., FATTH I BR 45
e fitt, mAP Hl mAPS0 2B R T 1.7 % F13.3 %o, BLAh, fEHERARFETER, BEAFEA]
(¥) MCFNet 7ERER T B3RP A0 SerERE , (e T3 A T, 5% 227.8 GFLOPs, 5%
R RIS Mamba-YOLO (49.6G) (2) Hil YOLOv11 (35.7 ms) (2) AL, HAHEHEE]Y
47.3 ms, RUEFHIML, MCFNet ZEGRRF RS L[] BF S0 T 24 21 FPS [HERER R, R/nth 714
(i AL BERE Sy . BeAh, HHAMZ RS M (4, SFNet, HAEHE] 2 44.8 ms {HEH)
M BEAR) , FRATH D EAE MR (R 2 350 A .

It4h, 7r PKU-DAVIS-SOD %#54E I, FATHY 77 mAP Fl mAPS0 J5 i 73 %!l SODFormer
) &3 T 119 % Fl 11.4 %, W15R 2 FoR, FATBIRES PR TR T — B0tk
L%y, . OGRS S T4 F1 mAPS0 435l SODFormer (?) &t 10.2 %. 9.6 % #il
11.8 %, X LELERFIA, FA1HT7 bR B 25 W S S BAS 1 F B ALy, F R E A
AT SO Pk ST m g s, SCl T S AR Ay B ARR I PERE -

PKU-DAVIS-SOD | [ #5357 St v Al S T3 — B UE WIS A48 th O vE ny S i, FeAT ik
1178 5ok, BARKRUE, FATRF— (U1 DSEC-Det % ¥ 5 F Il gy Bl R 5] 1
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Table 1 YEA[FEEHESE L, SOTA HEREI A ERTEREXT . (mAPSO/mAP) . Fefd:t:aef A3t RE 4 51
2L AN EE bR . HEE: M ERA TS5

DSEC-Det PKU-DAVIS-SOD

Method Pub. & Year Class-balanced Class-imbalanced FLOPs Runtime mAP50/ FLOPs Runtime Parameter
mAPS0/mAP  mAPS0/mAP mAP

YOLOvVI1 arXiv'24 84.5/59.2 59.1/40.1 1023G 357ms 58.0/30.9 442G 156ms 20.1M

§ Mamba-YOLO AAAI'25 83.4/55.6 53.9/34.7 496G 587ms 5711298 216G 21.0ms 21.8M

YOLOvI2 arXiv’25 86.8/58.8 55.0/34.6 90.1G  465ms 602/324 1222G 134ms 19.6M

£ RVT CVPR'23  51.1/26.6 25.1/12.9 196G 119ms 503256 65G 7Ims 185M

@ SAST CVPR'24  53.8/39.3 24.3/12.1 185G 188ms 487245 62G 167ms 185M

FPN-fusion ICRA22 56.8/30.7 36.9/19.7 896G 308ms 36.6/19.5 497G 240ms 65.6M

SODFormer TPAMI’22 — — — — 50.4/20.7 625G 39.7ms 82.0M

- EOLO ICRA'24 65.1/37.8 33.9/19.6 137G 3302ms 47.2/22.0 89G 3264ms 21.5M
g

ks SFNet ITS"24 80.0/50.9 51.4/30.4 200G 448ms 59.6/31.9 1359G 423ms 57.5M

§ O“i léigi}[i“e CVPR24 86.4/53.1 60.0/353  2560G 589ms 60.0/30.8 80.93G 172ms 46.0M

O‘f é’g’gg"e ECCV'24  87.4/548 509/34.6  208.5G 504ms 612318 6651G 189ms 43.6M

MCFNet (this study) — 90.7/60.9 67.4/41.8 278G 473ms 61.8/32.6 72.68G 188ms 52.1M

Table 2 7 PKU-DAVIS-SOD #fls 4L i) AR5 14 b5 SOTA Jrik i tERE LB . AN L3 51
FZL AR S e i b i

PKU-DAVIS-SOD

Method Pub & Year Normal Motion_blur Low_light
mAP mAP50 mAP mAPS0 mAP mAP50
SODFormer TPAMI'22 24.1 56.9 18.3 432 12.2 37.4
SFNet ITS 24 32.3 62.4 23.1 46.7 17.6 41.2
Our pipeline + CFM  CVPR’24 33.6 65.1 25.0 50.9 21.2 48.6
Our pipeline + CAFR ECCV’ 24 344 66.6 26.0 51.7 21.6 49.9
MCEFNet (this study) — 348404 67.1+0.5 26.0 52.8+1.1 21.840.2 49.2-0.7

PKU-DAVIS-SOD #ffsf. i TP i 4R Z A0 RAEHIBRBIATR, FAT OO I Sk 24T 1
BROR . RS 3 Frn, RS B I EE 0 A AR A E AP EZE S, AT AR
LT HARTTIR, 2o S sz A A R

Table 3 #5373 RES BUA e L 75 1478 PKU-DAVIS-SOD $ffafe Er HAR . SR fEEAE AZL G A ARIC .
PKU-DAVIS-SOD

Method Pub & Year
mAP  mAP50
SFNet ITS 24 19.7 41.9
Our pipeline + CFM  CVPR’24  18.5 39.5
MCFNet(this study) — 24.7 49.7

SIABAR (SOTA) FHFWRR I IEANZ S R L . T #E— e AT] ECM
FORTTIEM OB, FATRF IS DU AP AR TR R 7 3R T H A Timestamp (2) . DiST (2)
Voxel (?) #l TAF (?) . BtAh, FRATPPAE T HANZEAME I (1) BTHALR) (MB): CMax (?)
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. ST-PPP (?) FIMCM (2) , (ii) HiE>) (SSL): M:feffEM ConGru-EV-FlowNet (2?) Fit & .
XETBEAMET AU TWE B AR AR DU 2K (i A FRATORFEASIN I 25 . F R AR
FIE AR, A SR A . SRR 4 it

Tabled SEHHAR (SOTA) S{FFIR I IEMZSAME T R HERE LR . SRR AR AR I T 4L
PRFNE M RRR . MB: BE AL SSL: | M)

Inference DSEC-Det (Class-balanced) DSEC-Det (Class-imbalanced) PKU-DAVIS-SOD

Method Pub. & Year

time mAP mAP50 mAP mAP50 mAP  mAP50
CMax CVPR'IS 2425  60.0 89.6 415 65.8 31 603
S sreep ICCV'21 2485 60.3 89.9 414 67.0 312 602
MCM ECCV'22  65s  60.1 90.0 413 66.0 315 60.0
3 SOMORU-  NeurlPS'21 0485 60.1 89.9 413 66.0 324 620
Federicoetal. ICCV'23 0295 602 89.9 40.1 63.8 24 623
TAF [EEE Trams. 602 89.6 39.7 63.3 310 599
Timestamp  ICIP’16 — 597 89.3 40.5 65.6 37 609
Voxel CVPR'19  — 594 89.0 41.1 65.7 308 59.6
DiST ICCV2l  — 600 89.9 415 65.6 314 607
ECM(this study) ~ — 0.03s 609 90.7 418 67.4 326 618

TEFTA MR Ak, FATT BCM 5l i 012 2l J< 5 o 55 i [ 8, 5200 1 dme ik
B, AT AR AR B 4 Fof )Xo 5% R 8 e g i, LA BRI s oA e P . Bl ZEZR5IR
Py DSEC-Det £ffn gk L, FATMFAFRIRTE mAPSO L HIAZ (7) Wil 1.7 %o,

HET AN B Bz i A e, FeAT1r ECM LRI B RE . BN, ZE385)
ANF-fi5 () DSEC-Det $4#54E I, AT F(FFR/RTE mAP50 |-t ConvGRU-EV-FlowNet (?) 75
1.4 %o JXAERA 75546 I 0 28 5% £ U R0 i 2 s A4, FRATHY ECM 24 2] B3 SRR AE T DA S
e BEAE s M Iz s R BRG], AR CE S & & A 2 R R, IR RIT B AR
55 . MR, ANIFEE SRR E IR RAG = A R R, 53 IWE i 3D
AR A A, TS RS I P RE , ANTE] 2 R .

41 PSR

5 SOTA Kl T Ik H HL A . FATHF MCFNet 5 P~4056 1Y SOTA Jrikab A7t ATHY
pipeline+CFM (?) Al SFNet (?) . W1 3 7w, Hi 3 51 Wiy ARy 2JBamiigst, 265 4 A1 s 5
BRI Z MRS, RG-SR B . FATH I IRIE AR S R Rk A
PRSI A RfE S, SCBL T A ARG B B 2 0] 5 A BRI | 3 Y AR, AT S R
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Fig. 2 ¥t DSEC-Det ${#li4E I 5 SOTA iz gfi#MEF (R AR E M - (a) ST-PPP, (b) ConvGRU-Ev-
FlowNet, (c) Ev-FlowNet, (d) ECM (4#f5%), #1 (e) GT,

JERAPE NI LLBUA 1) SOTA Jr ik BAT s i S, SEBL 1 B AG -

5 SOTA HAEFIRFIEM A . AR ECM A i S48 54558 ) SOTA 23
#7573k ST-PPP. ConvGRU-EV-FlowNet (??) J EvFlow £ i 21 bk A I 2 0 AR B =
INUEATLCRE, WP 2 Fros e SR —AT AR THERIBI R PF T RS S A L A ROt st o
TATROR T AR AT IR BRI, ARz sl R A B e s
TESR =A st M EELEWIR RS a8 1 O AR R AT 4 mr iR HIKODT S X =455
FEE R T PR A B s sh Y PR . AniAl 2 950 RIER U R, BUA Rz st
OB AR IR A TR, PO S T e R T B E MR iz s r AR (B
v, FENE . BENEBRAZEE . L2, FA10 ECM Al Fn e ik B H AT
W3R T, WA F GRS T B AR S .

FEATTH, FATER 71 DSEC-Det Z¥idle ERIHEIITITAR, PABRIERATH2 th (1) MCFNet
AR AR A R

FA'T MCFNet AA{FAYTTHR . FRATR HIAGA YOLOX ZAA £ & (4 28 S 427 Al ] B AR R Al
R A EEL, PARCIEA T e I BT 7 . 0 MCENet Frag MLPFRITERE . 25 2R 1 3AT
TP POR R AL G AR . TTRATREEE], AR BB MCFNet (A6 1 REAR A B UR Y
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Fig.3 S5kt 120 SOTA Kl 7 A AE 2 B AP i) DSEC-Det £ffi 4k _E /Y E ML (a) EvImHnadNet;
(b) SENet; (c) MCENet(A/57); il (d) GT. FAIMEH] 216 Fikhmic R 6.

TiEk. FERIRAEIEHIA-FA ) DSEC-Det Xidinde b, FATABAM T B AL T REHRT
mAP Hl mAPS0 F5FR73 HIHE AN T 8.1 %o F1 12 %o, UEM] THEMEITE SN AL 7 5 YA R

Table 5 X4t 2RI RLIF ST . 21 CORLIA FRoRAN T Ly oot
DSEC-Det class-balanced DSEC-Det class-imbalanced

mAP mAP50 mAP mAP50

YOLOX(voxel) 53.7 82.5 33.7 55.4

—  53.8+0.1 82.7+0.2 34.1+0.4 55.6+0.2

— v’ 559+22 85.9+3.4 34.0+0.3 56.9+1.5

v —  60.0+6.3 89.4+6.9 40.4+6.7 64.749.3

v 60.9+7.2 90.7+8.2 41.8+8.1 67.4+12.0

ECM EDUM CMM

NENENEY

AN

W CMM Z BRI e B RFAE QB 22 e FER 22 vt 2 B T WA T B2 1) 37 55 v T DAY
3, MTFMESRARISIER, 5 RGB BESHILL, FEMRICAR T R R i R g
71, MIMTRERS BA ROt A AR E . AR, FE568 =M UAT P B AR st SHES
HARP R Ry, i A # s x iz shie A, FE2EMm. R, 78RR &N
T RGB MBRUEFEEROR . SCRAEEE, et BA R Hirfit. £ CMM @&,
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B2 [l ISR B RS 2R E R, DURSBR RS IR AN G &R, 0T O N 13
PEHSEA G5 B, SCIBSEAMUSS, Wi H s B inE S

el 2k ECM [zakk. FAT/E DSEC-Det (?) _ERE 1 AT BRI ZR KM 1A 2Lk 7
BrBO 2RSSR A Je — R CEL, FERXFPTCE S, DGR 4 S BRI 88 I SR 7R rp AR B E
AZH R e e JATH ECM R sm 2 snr i 40l g5, Hob SRR s Ok s 4522
G155 IEANFAK 6 FrzR, FATHY ECM 272 2] 1R FER @ MR Lk s sh RS 37 Sk, S2 3l
THEMEFRRI DS, AR T AT A XSS M TR S, B T AT PERE

Table 6 A HEATEA 451 EvFlowNet 455 5 ECM #47 H# .
DSEC-Det class-imbalanced

Method Training strategy

mAP mAP50
EV-FlowNet Two-stage 41.1 65.4
ECM (this study) Joint training  41.8 67.4

ERBETTIARERE . TSR AT SIS L RAETT Ik EDUM RO RLE, BATHAT TSR I
REETERIXS L SES:, IRGRREAMEEEN . WK 7T Pox, ETHASISREACE il
RERSAEA 137 5 s SR B AT AE AL, AT S BSOS 1 14 2 [0 5 R4 3 g AG I 4 B

Table 7 A[m] FoRAFEITVARIPERE HLEL .
DSEC-Det (class-imbalanced)

Upsampling Method

mAP mAPS50
Pixel Shuffle 40.7 65.2
Transposed conv (3 x 3) 41.5 65.8
EDUM (this study) 41.8 67.4

TEARRFTEH, BAFE T —Fzshfem i M4 (MCENet) JHT8hAS A0 5 b i &)
PRGN . W AR TS5 A RG] S5, ECM SifiRk ARG Ei b T 55 Hh R e e BN 22
Moz s BR T, AT RS R 35 F . EDUM B F4RAE 23 18] 0 1 sh SRR AL
P KA B AR B R [T, RSP AEEAS 1 20 R . CMIML i i ] i AT AR ) A A2 E
A RfE B5e e, 3458 AT A R 37 5 thoek 1 B R A RO AR R 1, AT 2B E
WM. SEEEM, AT MCFNet 7E4 R 28 MBSl 3 5 B E 0T A ik

YGRS BT R B €, (B F PR i i 20 5 M S S s il S LRI 5
SRR 2%, TIRITEIROR, XA PRS2 R B MR T PR R RE T
PErb, A TTHIE SRR BRI ARB L0 a0, G0 R g bR e AL R i p8 AR I 2l
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RIS R AR TR S, AR TURIT I . ATk B AER R ShShriC se AR 2 B A
PASE— 25 W/ SR R B I ST PR 2 PO HE L
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