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Background

0 Low-light Vision
> Domain Shift

Well-light Image vs. Low-light Image

O Four Paradigms for Low-light Vision
» Image enhancement methods
» Synthetic data training
» Multi-task learning strategy
» Plug-and-play modules
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(4) Plug-and-play modules



Motivation
~ 3

; , . Classical Lambertian Image Formation Model

—

Ic(z,y) = mli(z,y), Uz, y)] - pc(z,y) - pclz,y)
Assumes idealized diffuse reflection !

Synthetic low-light data

Complex and spatially localized light sources in real-
world (streetlights, vehicle headlights, and neon signs)

Real-world low-light data



Motivation

O Phong Lighting Model Imaging Mechanism!!l

Ambient Diffuse Specular Final

O An extended version of the Lambertian model adapted to real-world low-light scenes:

—

Ic(z,y) = mli(z,y),l(z,y)] - ec(@,y) - pc(z,y) + Sc(z,y)

/

Retain for illumination-invariant features

Spatially irregular highlight component

[1] Bui Tuong Phong. lllumination for computer generated pictures. In Seminal Graphics: Pioneering Efforts that Shaped the Field(SGRAPH), pages 95-101. ACM Press, 1998



Method

O Analysis and Derivation

I
FCRpc = F[log(iﬂ

= Fllogpr —log pg| + Fllog pr —log pc] + Fllog(1 + Hg) — log(1 + Hg)]
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This yields:

. . 160
FCRRre = Fllogpr — log pc| + Fllog pr — log pg| + e (ar — ag - Corge)
illumination reflectance high-lit residual




Method

O Overall Pipeline of FRBNet
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» Frequency-domain Channel Ratio
FEG(y,v) = LFFR% (u,v) - dif?% (u, v)

inv
FSB(u,v) = LEFF®B (u,v) - dif“" (u, v)
FBE(y, v) = LEFPE(u,v) - dif P (u, v)

> Fuse Module
Fou = Conv {CB [Cat (CB[Fiw(z,y)]; CB[I(z,y)])]}

» Learnable Frequency-domain Filter
LFF(u,v) = Wg - H(u, v)

r(u,v)?

{Wg(u,v) = exp ( > ) . r(u,v) = Vu2 + v?
H(u,v) = ®(u,v) - M(u,v)
N

M(u,v) =14+ X- Z [cos(nf(u,v)) + sin(nb(u,v))]

n=1




Result

OO0 Low-light Detection Tasks (Object & Dark Face Detection)

ExDark DarkFace
Paradigm Method YOLOv3 TOOD YOLOv3 TOOD
Recall mAP Recall mAP Recall mAP Recall mAP
Baseline 84.6 71.0 91.9 72.5 73.8 54.8 80.9 57.0
SMG(CVPR-23) 82.3 68.5 91.8 71.5 734 524 80.2 56.3
NeRCo(ICCV-23) 83.4 68.5 91.8 71.8 73.8 53.0 794 56.8
Enhancement ) A
LightDiff( ECCV-24) 84.3 71.3 92.1 72.9 75.5 574 81.0 58.7
DarkIR(CVPR-25) 81.9 68.2 90.9 72.0 74.5 559 814 60.4
. ) DAINet*(CVPR-24) 86.7 73.4 - 74.8 56.9 -
Synthetic Data ——
WARLeamn(WACV-25) 85.6 724 92.8 73.4 74.5 56.2 80.8 594
Multi-task MAET(ICCV-21) 85.1 72.5 92.5 74.3 74.7 55.7 80.7 59.6
ulti-tas
IAT(BMV(C-22) 85.0 72.6 929 73.0 73.6 355 79.7 58.3
DENet(ACCV-22) 84.2 71.3 92.6 73.5 71.8 526 73.6 49.6
FeatEnHancer(ICCV-23) 90.4 71.2 96.4 74.6 74.1 55.2 81.7 60.5
Plug-and-play —
YOLA(NeurIPS-24) 86.1 72.7 93.8 75.2 74.9 56.3 83.1 63.2
FRBNet{ours) 90.6 74.9 93.2 754 75.7 57.9 82.7 65.1

O Efficiency-Performance Trade-off

Category Metric Non-architectural Methods End-to-End Trained Plug-and-Play Module
KinD | Zero-DCE | SMG | MAET || DENet | FeatEnHancer | YOLA | FRBNet
#Params | | 8.2M 79K 179M | 40M 40K 138K 8K 9K
Efficiency Flops(G) | 50. 61.7 79.5 55.0 53.1
FPS(img/s)T 95. 83.8 33.1 81.1 89.5
Performance Det(mAP) T | 69.4 71.1 68.5 72.5 71.3 71.2 727 74.9
Seg(mloU) 1 | 48.1 48.7 49.7 - 522 56.0 58.7 61.6




Result

O Low-light Detection Tasks
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Result

O Low-light Semantic Segmentation

Method RO SI BU WA FE PO TL TS VE TE SK PE CA TR Bl | mloU
Baseline 900 o614 742 328 344 457 498 31.2 68.8 146 804 27.1 62.1 763 144 | 508
RetinexNet 894 61.0 706 30.1 28.1 424 476 257 658 86 7TI3 215 548 674 82 46.5
DRBN 905 615 728 319 325 445 473 272 657 102 765 242 554 TIi.1 119 | 48.2
FIDE 900 o607 728 324 34.1 433 479 26.1 67.0 1377 780 265 57.1 71.0 124 | 48.8
KinD 900 6l1.0 73.2 319 328 435 427 277 655 133 774 228 551 745 115 | 48.1
EnGAN 89.7 58.9 73.7 328 31.8 4477 492 262 673 142 TIE 250 590 712 T8 48.6
ZeroDCE 906 599 739 326 31.7 443 462 258 672 146 791 247 594 668 139 | 487
SSIENet 896 593 725 299 31.7 454 439 245 66.7 106 7T83 228 526 TI.1 54 46.9
Xue et al. 932 726 784 438 46.5 48.1 51.1 388 68.6 149 791 219 616 852 36.1 | 55.8
FeatEnHancer | 93.5 70.6 756 41.8 334 513 552 359 685 134 806 276 618 800 512 | 56.0
YOLA 932 72.1 793 41.1 39.1 531 604 444 715 47 832 378 66.8 850 492 | 58.7
FRBNet(ours) | 944 755 79.7 46.0 454 523 649 508 722 95 842 409 704 887 493 | 6l.6
[ ] [ [ ]
O Low-light Instance Segmentation O Ablation Study
Method mAP mAPs;  mAPqs H(u,v) Wpg FCR | ExDark  DarkFace
Mask RCNN 23.7 41.5 233 Baseline 71.0 57.0
MBLLEN 225 40.7 223 e 72.5 62.0
DarkIR 274 46.3 275 Ablation Cases v v 72.9 62.5
YOLA 249 44 8 24.2
v v 73.5 63.7
FeatEnHancer 29.1 48.7 29.7 - - — —
FRBNet(ours) 302  50.5 30.4 FRUNet v v v 74.9 6.1




Result

OO0 Low-light Segmentation Tasks

Baseline FeatEnHancer FRBNet(Ours)



Conclusion

[0 FRBNet

» For extracting illumination-invariant feature
» Plug-and-play module

» Superior performance

0 Future research
» Exploring broader application
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Thanks for Watching!

Fangtong Sun
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