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Low-Light

e Insufficient illumination can severely degrade the quality of
Images.
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Existing Low-Light Enhancement Methods

 Based on the histogram
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Histograms of an image before and after equalization.
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Existing Low-Light Enhancement Methods

e Based on the Retinex-model

Image lllumination Reflectance
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Existing Low-Light Enhancement Methods

 Based on the de-hazing techniques

Inversion

Inversion
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Existing Low-Light Enhancement Methods

e Data-driven

Target images
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(a) Module Structure (b) LLNet (c) S-LLNet

Architecture of the LLNet [8].
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Motivation

e EXxisting methods do not perform well in certain aspects

e Partially over-exposed, artifacts, slow operation efc.
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Motivation

e Visual recognition models suffer from low-illumination

Night

Phenomenon

Lighting

Darkness

Midnight

Space

Fun

Result by Google Cloud Vision API
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Motivation

e Visual recognition models suffer from low-illumination

Compared with result on normal-light image

Wrong labels:
couch with 84%, angle with 56%
Score declining:
Bedroom from 96% to 80%,
Bedding from 81% to 51%

Result by Google Cloud Vision API
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Proposed GLADNet

 GLobal illumination-Aware and Detail-preserving Network
(GLADNet)

pmm-- Illumination Distribution Estimation EEEEEe S Detail Reconstruction [

Conv + RelL,U
Conv + RelLU
Concatenate
Conv + RelLU

Output Y
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Proposed GLADNet

e Global lllumination estimation

1. scaling the input image to
a certain resolution
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Proposed GLADNet

e Global lllumination estimation

Conv + RelL,U
Conv + RelLU

2. passing through an encoder-decoder
network for global illumination prediction

. .
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Proposed GLADNZet

e Global lllumination estimation

3. rescaling back to the original resolution
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Proposed GLADNet

e Details reconstruction

- Detail Reconstruction EE
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Proposed GLADNZet

e | oss Function

 Minimizing the loss between the restored image F(X;®) and
the corresponding ground-truth image Y.

Loss(X,Y) ZHF (X5,0) = Y1,

where N is the number of all training samples and I - I is L1
norm.

* The red, the green and the blue channel have their own
weights in the loss function: (0.29891, 0.58661, 0.11448)
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Training Dataset Generation

* Instead of synthesizing pairs from 8-bit RGB images, we
synthesize pairs from raw images.

Synthesized from raw image RN Synthesized from 8-bit RGB
setting exposure parameter linear and gamma transformation
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Training Dataset Generation

* Instead of synthesizing pairs on 8-bit RGB images, we
synthesize pairs on raw images.

5 cemm Tl "

Outputs of net trained on pairs

Outputs of net trained on pairs
synthesized from raw images

Low-Light

Need to set the black point to correct this
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Training Dataset Generation

Synthesis
Normal-Light, Raw Low-Light, Raw
Format transformation l l Format transformation
Normal-Light, 8-bit Low-Light, 8-bit
l |
v

Normal/Low-Light Image pairs for training
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Training Dataset Generation

e Synthesize low-light raw images by using Adobe Lightroom
and setting

e EXposure parameter E to [-5, O]

e Contrast parameter C to [-100, O]
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Some Tricks to Improve the Dataset
* To keep the black and the white regions the same before
and after the enhancement

e add black-to-black and white-to-white training pairs.

* To prevent color-bias

* add gray-scale image pairs which are converted from
color image pairs.
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Results - Evaluation

e MSRCRI' Multi-Scale Retinex with Color Restoration [Jobson 1997]
e DeHZ!4 de-hazing based method [Dong 2011]
e SRIE[B! Simultaneous Reflection and lllumination Estimation [Fu 2016]

e LIMEI2] [llumination Estimation based method [Guo 2017]
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Results - Evaluation
e LIME[] dataset 10 low-lightimages

e MEF!/l dataset 17 image sequences with multiple exposure levels

e DICMI6] dataset 69 captured images with commercial digital cameras
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Results - Performance

* Naturalness Image Quality Evaluator (NIQE)!!

Dataset DICM NPE MEF Average

MSRCR 3.117 3.369 4.362 3.586
LIME 3.243 3.649 4.745 3.885
DeHZ 3.608 4.258 5.071 4.338
SRIE 2.975 3.127 4.042 3.381

GLADNet 2.761 3.278 3.468 3.184
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DeHZ SRIE GLADNet
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The result in the paper New result

by randomly reducing the saturation
when generating training dataset
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Results - Benefit Visual Recognition Models

Sky

Cloud 93%

Landmark 91%

Spire

Low-Light Image

Darkness 81%

Atmosphere 79%

Dusk 78%

Dawn

Landmark

Sky

Historic Site

Tourist Attraction

After GLADNet

Grass 78%

Cloud

Tower

National Historic Landmark
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Results - Benefit Visual Recognition Models

Night 79%

Phenomenon 75%

Lighting 75%

Low-Light Image

Darkness 71%

Midnight 59%

Plant 55%

Painting 54%

= Still Life 53%

Window 50%

After GLADNet
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