
 

Abstract 

 

Non-uniform and multi-illuminant color constancy are 

important tasks, the solution of which will allow to discard 

information about lighting conditions in the image. Non-

uniform illumination and shadows distort colors of real-

world objects and mostly do not contain valuable 

information. Thus, many computer vision and image 

processing techniques would benefit from automatic 

discarding of this information at the pre-processing step. In 

this work we propose novel view on this classical problem 

via generative end-to-end algorithm based on image 

conditioned Generative Adversarial Network. We also 

demonstrate the potential of the given approach for joint 

shadow detection and removal. Forced by the lack of 

training data, we render the largest existing shadow 

removal dataset and make it publicly available. It consists 

of approximately 6,000 pairs of wide field of view synthetic 

images with and without shadows. 

 

1. Introduction 

The human visual system has an inherited ability to 

discard information about illumination and perceive colors 

almost unchanged independently of the ambient conditions. 

This phenomenon is called color constancy (CC). The 

artificial algorithms of the computational color constancy 

aimed at correcting the effect of illumination and extraction 

the actual object color value in the scene as it would appear 

under the canonical light. However, the vast majority of 

computational CC algorithms work under the assumption 

that illumination on the scene is uniform, i.e. its color has 

the same values in each pixel of an image. This assumption 

is rarely fulfilled in real-world scenes. Starting from a 

single light source, the illuminance of which depends on the 

distance to the surface, up to multiple light sources in the 

scene – all these cases require an estimation of illumination 

map containing pixel-wise information. This task is highly 

non-trivial and is still not solved despite the long study. 

Uniform CC algorithms typically provide a vector of 

illumination color as an output. Non-uniform CC methods 

do the same for smaller regions (patches or superpixels). 

Afterward, the colors of the scene can be corrected using 

diagonal transformation (dividing pixel values by 

illumination coordinates channel-wise). In this work, we 

concentrate on the statement that image with corrected 

colors (as they look under canonical illumination) is the 

main goal of any color constancy algorithm, while the 

estimation of illumination is an intermediate step. Thus, we 

propose a radically different end-to-end approach, which 

generates images with corrected colors directly, avoiding 

estimation of illumination color or illumination map. This 

is possible via supervised learning of a mapping between 

images under unknown and canonical illumination. The 

algorithm obtained in result demonstrates outstanding 

performance even in the advanced case such as random 

distribution of multiple illuminants, and, we believe, may 

be a breakthrough in this domain. 

Inspired by success in discarding the complex 

illumination distributions we try to apply the same 

technique for the task of shadow removal, which can be 

considered a particular scenario of two-illuminant CC. 

However, it is impossible to remove shadows from real-

world scenes completely, that causes a significant obstacle 

on the way of creating a large training dataset. The largest 

 

Conditional GANs for Multi-Illuminant Color Constancy:  

Revolution or Yet Another Approach? 

 

Oleksii Sidorov 

The Norwegian Colour and Visual Computing Laboratory, NTNU  

Gjøvik, Norway  
oleksiis@stud.ntnu.no 

 

 

Figure 1: Examples of color constancy tasks discussed in this work. Outputs generated using the proposed algorithm. 

 



available datasets with a ground truth information are 

limited to a few hundreds of images, which may not be 

sufficient for a deep learning model. Therefore, we created 

a custom dataset of almost 6,000 images of real-world-like 

scenes rendered using advances in computer graphics. We 

make it publicly available and believe it will be helpful for 

future shadow removal research. We trained the model 

using this data and demonstrated that it has potential in 

shadow removal application as well.  

Overall, our contributions are as follows: 

• We are first who propose to use the generative 

adversarial network for solving computational color 

constancy task end-to-end, without an estimation of 

illumination color or illumination color map. 

• We propose novel architecture called AngularGAN 

oriented specifically to CC task.  

• We create and make openly accessible the largest 

available shadow removal dataset, and demonstrate the 

potential of using the described approach for shadow 

detection and removal. 

2. Related works 

2.1. Color Constancy under uniform illumination 

The classical color constancy algorithms work under an 

assumption that illumination ݁(ݔ,  is uniform all around (ݕ

the image area ݁(ݔ, (ݕ = ݁.  Consequently, estimation of 

the illumination color vector ݁ = (݁ோ , ݁ீ , ݁)்  allows to 

perform color correction using a diagonal model, or von 

Kries [46] transformation: 

,ݔ)ܫ (ݕ = ݁ோିଵ 0 00 ݁ீିଵ 00 0 ݁ିଵ ,ݔ)ܫ (ݕ , (1)

where ܫ	is the image taken under an unknown light source,  ܫ 	is the image corrected, and a canonical illumination [19] 

is taken as ݁ = (1, 1, 1)். 

As the simplest case of color constancy, uniform color 

constancy was studied in details, and for now, may be 

solved with satisfactory accuracy. The studies performed in 

this field can be separated into two groups: statistics-based 

and learning-based. Methods from the first group were 

widely used in last decades and exploit statistics of a single 

image. Usually, they apply strong empirical assumptions 

and operate in their limits. For instance, the White Patch 

(WP) algorithm [8] is based on the assumption that the 

brightest point of an image is a perfect white reflector, Grey 

World (GW) algorithm [9] is based on the assumption that 

the average color of a scene is achromatic, Grey Edge (GE) 

algorithm [73] exploit the assumption that edges on the 

image are achromatic, e.g., by applying GW algorithm to 

1st or 2nd derivative of an image. All of them were 

generalized in one framework by van de Weijer et al. [73]. 

It is worth noting that performance of the statistics-based 

algorithms is different for different images, and as was 

shown by Gijsenij and Gevers [22] – natural image statistics 

can be used to cluster images by suitable CC algorithm.  

The first learning-based approaches include Gamut-

Mapping algorithm [14], Colour-By-Correlation [15], 

Exemplar-based algorithm [39], Bayesian color constancy 

[7], and a number of neural networks-based approaches 

which utilize hand-crafted features[10][11]. Further rise of 

deep learning algorithms has not gone unnoticed and 

generated a group of CNN-based color constancy 

algorithms. Such as: patch-based CNNs by Bianco et al. [4] 

and Shi et al. [65], fine-tuned AlexNet [47] by Lou et al. 

[55], custom Mixed Max-Minkowski pooling network by 

Fourure et al. [20], and current state-of-the-art FC4 

algorithm by Hu et al. [32].  

2.2. Color constancy under non-uniform illumination 

Uniformity of the illumination by the scene area is a very 

strong assumption which is usually violated in real-world 

scenes. Non-uniform distribution of single or multiple light 

sources may be generalized as one task: estimation of 

illumination map ݁ = ,ݔ)݁	 (ݕ  which describes 

illumination color in each pixel of the image independently. 

A number of algorithms were proposed to solve this task, 

however, due to the greater complexity and ambiguity 

available solutions are usually limited by strict assumptions 

and can produce satisfactory accuracy only under particular 

conditions, but are not suitable for general use. 

The obvious approach to non-uniform color constancy is 

to split the image into regions/patches/superpixels within 

which illumination can be considered uniform and apply 

conventional uniform CC algorithms to each region 

independently. This approach is exploited in work of Ebner 

[13], who assumes a grey-world assumption works locally 

(which is even less likely than GW assumption for a wide 

scene), Bleier et al. [5] proposed to segment an image into 

a set of superpixels based on color, Gijsenij et al. [23] 

proposed to obtain image patches by grid-based, keypoint-

based, or segmentation-based sampling, and then estimate 

the illuminant for each image patch by one of the grey-

based methods. Xiong et al. [76] using the Retinex 

algorithm [51] while assuming that illumination varies 

smoothly across the scene. In [2], Barnard et al. used 

smoothness constraints on both the reflectance and 

illumination gamuts to identify varying illumination. Gu et 

al. [27], on the other hand, group pixels into regions that 

jointly maximize the weighted sum of the illuminants in the 

scene and the likelihood of the associated image 

reflectance. A number of other studies impose additional 

constraints such as number of lights that lit the scene [31], 

capturing the near-infrared signal [67], employment of 

specialized hardware [16] or user inputs [6].  

Recent works in this domain include those of Beigpour 

et al. [3] who use conditional random field to combine local 



illuminant interactions with their global spatial distribution; 

Mutimbu and Robles-Kelly [59] who propose a few 

algorithms based on factor graphs for recovering the 

pixelwise illuminant; and Hussain and Akbari [37] who 

propose an algorithm that uses the normalized average 

absolute difference of each segment as a measure for 

determining whether the segment’s pixels contain reliable 

color information. 

2.3. Shadow detection and removal 

All the algorithms dedicated to color correction of 

shadowed regions can be separated in two sub-tasks: 

shadow detection, which produces binary shadow mask as 

output, and shadow removal (shadow lightning, color 

correction) itself. Traditional shadow detection methods 

[60][64][69] exploit physical models of illumination and 

color. However, due to the approximations in the physical 

model, their performance is limited. Other approaches learn 

shadow properties under supervision using hand-crafted 

features such as color [28][50][70], texture [28][70][80], 

edge [34][50][80], and T-junction [50]. Guo et al. [29] 

adopt similar features but detect shadows by classifying 

segments in an image and pairing shadow and lit segments 

globally, which increases the algorithm’s robustness.  

Recent algorithms take advantage of the representation 

learning ability of Convolutional neural networks (CNNs) 

to learn hierarchical features for shadow detection. Khan et 

al. [42] used multiple CNNs to learn features in super pixels 

and along object boundaries. Vicente et al. [71] trained 

stacked-CNN using a large dataset with noisy annotations. 

Hosseinzadeh et al. [30] detected shadows using a patch-

level CNN and a prior shadow map generated from hand-

crafted features. Qu et al. [61] proposed DeshadowNet with 

a multi-context architecture, where the output shadow matte 

is predicted by embedding information from global view, 

appearance, and semantic information. Hu et al. [33] use a 

spatial Recurrent Neural Network with attention weights. 

Other methods perform detection using user-hints such as 

clicks or strokes on the shadowed regions [24][74][78].  

Removing the shadow after detection is conventionally 

performed either in the gradient domain [17][18][54][58] or 

the image intensity domain [1][24][29][41].  Guo et al. [29] 

remove shadows by image matting; Xiao et al. [75] apply a 

multi-scale adaptive illumination transfer which performs 

well for removing shadows cast on surfaces with strong 

texture; Zhang et al. [78] remove shadows by aligning the 

texture and illumination details; Khan et al. [41] apply a 

Bayesian formulation to robustly remove common 

shadows, however, this method is unable to process 

difficult shadows such as non-uniform shadows, and also 

computationally expensive. In work of Gong and Cosker 

[24], shadow removal is performed interactively by 

registering the penumbra to a normalized frame which 

allows estimation of non-uniform shadow changes. 

2.4. Image generation using GANs 

The recent development of Generative Adversarial 

Networks (GANs) [25] gave rise to a new era in synthetic 

image generation. GANs have shown remarkable results in 

various computer vision tasks such as image generation 

[35][40][62][79], image translation [38][43][81], video 

translation [72], deblurring [48], segmentation [56], super-

resolution imaging [52], and face image synthesis [44][53]. 

A core principle behind any GAN model is a competition 

between two modules: a discriminator and a generator. The 

discriminator learns to distinguish between real and fake 

samples, while the generator learns to generate fake 

samples that are indistinguishable from real samples. GAN-

based conditional image generation has also been actively 

studied. Pix2pix algorithm by Isola et al. [38] learns 

mapping between pairs of images from different domains 

in a supervised manner using cGAN [57]. The generator has 

a “U-Net”-shaped architecture [63] with skip-connections, 

while the discriminator is a convolutional classifier. 

Pix2pix algorithm demonstrated remarkable performance 

in the mapping of very different domains (labels ↔ photo, 

map ↔ aerial photo, edges → photo, BW → color photos, 

etc.) [38]. Motivated by these achievements, we study the 

possibility of using image translation for the CC task by 

mapping images under unknown and canonical 

illumination. Pix2pix learns mapping in a supervised 

manner, thus, require paired images for training. 

CycleGAN [81] and DiscoGAN [45] are examples of 

unsupervised algorithms which do not require paired data 

thanks to utilizing a cycle consistency loss. In the case 

where paired data is available, there is no motivation to use 

unsupervised algorithms and introduce additional 

uncertainty, however, in future it may be beneficial to 

collect a very large dataset of unrelated images under 

different illuminations and learn mapping between them.  

3. Methodology 

In this work, we present a novel architecture called 

AngularGAN oriented specifically to the CC task (Fig. 2). 

The additional criterion evaluates an illumination map from 

the predicted image and compares it to the ground truth 

during training. This technique allows to minimize angular 

error explicitly and was shown by Hu et al. [32] and Sidorov 

[66] to be efficient for the CNN-regressors. Particularly, the 

total loss is constructed as a linear combination of 

discriminator loss, L1-loss, and angular loss: ܮ = ܮ + ଵܮଵߣ + ܮߣ , ܮ = (ߝ)݊ܽ݁݉ (2)

Please note that AngularGAN generates a corrected 

version of the input image directly, while illumination is 

estimated afterwards and used only for training purposes. 

Such an approach allows to avoid artificial assumptions and 

hypotheses in regards to the illumination distribution. 



Considering that illumination is not predicted directly, it 

can be estimated pixel-wise using inverse diagonal 

transformation and then used for calculation of the error: ߝ = cosିଵ ݁ ∙ ݁∗ฮ݁ฮ ∙ ฮ݁∗ฮ , ݁ = ܫܫ , ݁∗ = ∗ܫܫ (3)

However, this is invalid for black and over-saturated 

pixels which does not allow to reach zero error (Table 1). 

Thus, it is preferable to use ground truth illumination map 

when available. For such cases, we propose AngularGAN-

v2 which uses illumination maps for training and implicitly 

computes ܫ  as ܫ = ݁ିଵ ∙ ܫ . This model produces a 

lower angular error but requires ground truth illumination 

data which may not be available in a common case.  

Due to the limitation of the format, more details as well 

as source code can be found on the project page.1 

4. Uniform Color Constancy 

Firstly, the ability of a GAN to solve the classical 

uniform color constancy task was studied. The general idea 

is to learn mapping between scenes under unknown and 

canonical illumination, and further generate color corrected 

images without an intermediate step of estimation of 

illumination color.  

                                                           
1 Source code and datasets: https://github.com/acecreamu/angularGAN 

4.1. Datasets 

Taking into account that accurate image generation 

requires a large amount of learning data we selected the 

largest of standard benchmark datasets – SFU Grayball [12] 

dataset. It contains 11,346 real-world images. In each 

image, a gray ball is placed in the corner of the image to 

provide ground truth illumination information. This 

information was used to discard color cast via von Kries 

transform (Eq. 1) and obtain color corrected images. In the 

preprocessing step, the data was square-cropped and the 

gray ball was removed.  

 

Figure 3: Results produced by the proposed approach. Top: 

SFU Grayball dataset (10,590 train + 756 test images); 

bottom: ColorChecker dataset (365 train + 183 test images).

 

Figure 3: AngularGAN framework. I, IC, and I* correspond to 

input, ground truth, and predicted images, whereas e and e* are 

ground truth and estimated illumination maps respectively. Sign / 

denotes pixel-wise division. 



Additionally, we also apply the given approach to the 

much smaller ColorChecker dataset [21] which is standard 

in CC research. This dataset contains 548 real-world 

images, among which only 360 were used for training. 

Thus, we did not expect good performance due to the 

insufficient amount of learning samples. However, results 

demonstrate that the given approach may produce 

competitive accuracy even with such an extremely small 

learning base.  

4.2. Results 

Following previous works, we report results in terms of 

angular error, which is an angle between vectors of ground 

truth (݁) and estimated (݁∗) illumination color. However, 

we doubt the adequacy of this metric for the algorithms like 

ours, where ݁∗ can be estimated only in approximation, and 

encourage the community to use image similarity metrics 

such as SSIM, PSNR, and CIE ΔE. We compare the results 

with classical single-image and learning-based algorithms. 

As an instance of a typical CNN-based algorithm, we 

implement custom regressor using fine-tuned GoogLeNet 

[68] (by analogy with fine-tuning of AlexNet by authors of 

[4] and [55]). Statistical values of error metric for both 

datasets are presented in Table 1, sample images for visual 

evaluation are shown in Figure 3.  

The quantitative evaluation shows that our approach 

produces results competitive to classical CC algorithms and 

outperforms most of them. It can also be seen from the 

experiment with ColorChecker dataset that requirements 

for the size of the training set are not as strict as it may be 

expected for a generative algorithm.  

It should be noted that due to the generation of output 

images instead of simple modification, given approach may 

introduce loss of image quality that is not typical for 

conventional CC algorithms. This may manifest as artifacts 

and periodic noise. Although they are not visible with the 

naked eye and expectedly will be solved in next generations 

of GANs, this peculiarity of image generation should be 

taken into account.  

5. Multi-Illuminant Color Constancy 

Multi-Illuminant and non-uniform CC are much more 

complex problems in comparison to uniform CC because 

they require estimation of a map of illumination for each 

pixel of the image instead of applying one value to all of 

them. The proposed image-to-image translation approach to 

CC does not estimate the illumination map explicitly and 

performs color correction by learning mapping based on 

data provided. Thus, it is not influenced by the complexity 

of the illumination distribution directly. This feature allows 

achieving outstanding results in removing complex color 

cast from an image.  

5.1. Datasets 

The main multi-illuminant datasets are: Multiple Light 

Sources Dataset [23] (59 laboratory + 9 outdoor images), 

Multiple-Illuminant Multi-Object dataset [3] (10 laboratory 

scenes under 6 conditions + 20 real-world images), and 

Multi-Illuminant Dataset [5] (4 laboratory scenes under 17 

illumination conditions). There is also a number of smaller 

datasets captured in laboratory conditions. None of the 

available datasets is larger than 100 images, which does not 

allow using them for the training of deep learning-based 

models. Therefore, we decided to synthesize a custom 

dataset of an appropriate size. The color corrected images 

from SFU Grayball dataset [12] were taken as a ground 

truth data. Tint maps were created as Gaussian distributions 

of various (for generalization) colors with random μ and σ 

(Fig. 4, top row). Distorted images were created by tinting 

ground truth data with tint maps using inverse von Kries 

transform (Fig. 4, second row). In result, we obtained 

11,346 images synthetically color-casted with random 

combinations of the three different illuminants.  

TABLE 1. Comparison of uniform color constancy methods. 
 

 SFU Grayball [12] ColorChecker [21] 

 mean std mean std 

Do nothing 9.00° 7.02° 11.2° 8.70° 

GW 8.44° 5.35° 8.24° 4.51° 

WP 8.03° 5.74° 9.51° 7.28° 

Shades of Gray 7.24° 4.37° 8.26° 5.53° 

GE 1st order 8.04° 5.74° 9.80° 6.74° 

GE 2nd order 8.19° 6.16° 9.93° 7.49° 

Weighted GE 8.61° 6.44° 10.0° 7.02° 

Gamut Mapping 8.15° 5.55° 8.81° 6.09° 

Exemplar Based 7.30° 4.86° 8.23° 5.45° 

CNN  4.36° 2.93° 7.18° 3.29° 

AngularGAN (λL1  = 0) 5.12° 3.68° 7.52° 3.00° 

AngularGAN (λANG = 0) 6.74° 4.06° 6.16° 2.98° 

AngularGAN 4.67° 3.08° 6.09° 2.59° 

Ground Truth 3.50° 2.46° 4.60° 2.13° 

 

 

TABLE 2. Comparison of accuracy of multi-illuminant color 

constancy methods. 

 
 Angular Error PSNR 

 mean std mean std 

Do nothing 9.58° 3.41° 16.9 2.55 

LSAC [13] 15.2° 4.84° 14.3 2.52 

Gijsenij et al. [23] WP 12.1° 5.18° 15.4 2.77 

Gijsenij et al. [23] GW 10.5° 5.00° 17.0 2.61 

MIRF [3] 9.32° 3.43° 20.5 2.50 

MICC [49] 8.15° 4.80° 19.8 2.48 

Mutimbu and Robles-Kelly [59] 6.64° 3.90° 22.1 2.31 

Hussain and Akbari [37] 6.15° 3.26° 22.6 2.35 

AngularGAN (λL1  = 0) 4.75° 4.11° 21.6 2.45 

AngularGAN (λANG = 0) 6.26° 2.01° 27.5 2.31 

AngularGAN 3.98° 2.16° 29.1 2.12 



The similar real-world scenes usually have similar 

illumination conditions (e.g. photos captured in office have 

one type of light sources) that simplifies the training of the 

algorithms and allows to apply exact transformation learned 

from the training data to the test data. The proposed custom 

dataset does not have this feature because the distribution 

of synthetic illuminants is random in each image and do not 

correlate between coherent scenes. This makes the learning 

process even more complex. However, it does not influence 

single-image methods.  

5.2. Results 

The results are reported as mean angular error between 

all the pixels by analogy with the previous experiment. 

Performance is quantitatively compared to the performance 

of state-of-the-art methods and is reported in Table 2. 

Samples of generated images are demonstrated for visual 

evaluation (Fig. 4). It may be seen that the proposed 

technique outperforms all existing multi-illuminant 

algorithms. Moreover, the algorithm successfully learns 

mapping between domains even though input color casts 

were not coherent. In simple words, we can explain it as 

learning not just mapping between given pairs of images, 

but learning how to generate a correctly illuminated image 

by a given input with an arbitrary combination of light 

sources. We consider this to be the dominant feature of the 

proposed method. Drawbacks of the given approach 

include but are not limited to: demand for a big volume of 

training data and imperfect image quality (as discussed 

before). Also, we observed that many images produced had 

slightly increased brightness, although the color cast is 

removed correctly. This effect influences reported 

difference metrics, however visually only the lightness of 

colors does not match, but not the hue.  

6. Shadow removal  

Shadow removal may be considered a special scenario of 

multi-illuminant color constancy. The direct light beams 

can be considered as a first illuminant, scattered beams of 

light – as a second, while the canonical illumination is taken 

to be equal to the first one. The chromatic distribution of 

illumination is trivial and of no essential interest. However, 

the spatial distribution of shadows may create a complex 

map which is defined by relief and 3D shape of the objects. 

Estimation of shadow map (shadow detection) therefore 

presents an independent complex task which may be 

followed by a third-party algorithm for shadow removal 

(color correction). By analogy with multi-illuminant CC, 

the approach proposed in this work allows to avoid these 

procedures and learn mapping between scenes with and 

without shadows based only on paired data samples, and 

perform shadow removal end-to-end. 

6.1. Dataset  

The standard real-world datasets for shadow removal are 

very limited in their size: UCF shadow dataset [82] (245 

images), SRD VSC [24] (214 images), UIUC [29] (76 

images), LRSS [26] (37 images). Mainly, it is caused by the 

difficulty of capturing the same real-world scene with and 

without shadow. Moreover, it is impossible to remove 

shadows from wide field of view scenes such as street view. 

This causes a specific appearance of shadow removal data 

similar to cropped patches (Fig. 5). There are also attempts 

to create large shadow removal datasets. SBU Shadow 

dataset [71], for example, contains 4089 real-world images, 

however without a ground truth; authors propose shadow 

mask detected using their algorithm, which then can be used 

for color correction by a third-party algorithm; resulting 

shadow-free images cannot be considered a ground truth, 

but only an output of two artificial algorithms, and training 

the model on such data in the best case will allow to achieve 

the performance of the used algorithms, but will not 

outperform it. SRD dataset by Qu et al. [61] is claimed to 

contain 3,088 shadow and shadow-free image pairs; 

however, two years after publication only a test set of 408 

images is publicly available, which makes full use of this 

dataset impossible.  

 

 

Figure 4: Results produced by the proposed approach on removing 

of multi-illuminant color cast. Top row – tint maps; second row –

input images; third row – predictions; bottom row – ground truth.



Eventually, forced by a significant lack of data we 

created a synthetic dataset of 5,723 image pairs which make 

it the largest shadow removal dataset available. We used 

computer graphics from a video-game GTA V by Rockstar 

to render real-world-like scenes in two editions: with and 

without shadows (Fig. 6). The proposed approach 

accurately models real world and allows to obtain fair 

shadow-free data for the general scenes which is impossible 

to implement in real life. Moreover, it captures scenes in a 

conventional wide field of view and avoids using small 

areas and patch-like appearance. Generated samples are 

8bit RGB images with a 600x800 pixels resolution. The 

dataset contains 5,110 standard daylight scenes and 

additional 613 indoor and night scenes. 

We also used 408 real-world images from SRD dataset 

for training in order to estimate model's demands to the size 

of the training set.  

6.2. Results 

Results are reported in PSNR and angular error between 

predicted and ground truth shadow-free images. The 

accuracy is compared with state-of-the-art methods the 

codes of which are available publicly. It is noteworthy that 

despite similar values of error metrics provided, the nature 

of mistakes and errors produced by algorithms is totally 

different. For instance, single-image methods produce 

errors mainly due to wrong shadow map detection, while 

the proposed end-to-end approach identifies shadows 

correctly but may generate data of low image quality. 
 

 

Figure 5: Results of shadow removal from real-world images. 

Demonstrated on SRD-test dataset (388 train and 20 test images).

Quality of the output is considered to be unsatisfactory. 
 

Figure 6: Preview of the proposed GTAV dataset.



The model trained on GTAV dataset demonstrates a 

satisfactory accuracy of shadow removal with examples of 

both successful and failure cases (Fig. 7). In the worst cases, 

pix2pix generates artifacts and distorts original image 

significantly. Particular problems were observed in the 

cases of: ambiguous dark colors; utterly dark areas where 

color information is almost lost; reconstruction of high 

spatial frequencies. Uniform shadows of a large area 

approximate the case of uniform CC, and typically 

demonstrate better reconstruction quality.  

The quantitative evaluation of results produced by the 

model trained on 388 and tested on 20 RSD-test images is 

not reported because even visually (Fig. 5) the quality of the 

produced output is not as good as the output of 

corresponding single-image algorithms. This demonstrates 

an increase in model's demands for the size of a training set 

in comparison to the simpler task of uniform CC.  

7. Conclusions  

In this work, we propose a novel, end-to-end approach to 

advanced cases of computational color constancy. The 

proposed technique is driven by data and avoids utilizing 

any artificial assumptions or hypotheses. It is shown to be 

efficient in the removal of complex illumination color cast 

created by multiple non-uniformly distributed light sources. 

The accuracy of predicting a single “uniformly 

distributed” illuminant is on a par with existing methods. 

We explain it by over-simplification of the task that created 

accurate algorithms which work very good within the 

model, but not outside of it. Our algorithm treats both tasks 

equally, which make it dominant in more realistic scenarios. 

For example, the same algorithm can even be applied to the 

removal of complex shadow cast, however, the limitation 

of the training data is an essential obstacle.  

Further development may include collecting/synthesis of 

larger datasets, evaluation of models trained using synthetic 

data on similar real-world images, and, of course, designing 

new generative algorithms to improve image quality. 

 

TABLE 3. Comparison of accuracy of shadow removal methods 

on GTAV dataset. 
 

 Angular Error PSNR 

 mean std mean std 

Do nothing 4.01° 3.15° 18.2 4.53 

Yang et al. [77] 5.20° 2.89° 16.4 4.72 

Guo et al. [29] 2.95° 2.20° 20.7 3.98 

Gong et al. [24] 

(user assisted) 
2.33° 1.48° 24.1 3.10 

AngularGAN (λL1  = 0) 3.05° 2.20° 19.3 4.05 

AngularGAN (λANG = 0) 3.12° 1.45° 21.6 3.36 

AngularGAN 2.86° 1.58° 21.0 3.43 

 
 
 

Figure 7: Results of shadow removal from synthetic scenes. Demonstrated on GTAV dataset (4610 training + 250 test images). 

 



References 

[1] E. Arbel and H. Hel-Or. Shadow removal using intensity 

surfaces and texture anchor points. In IEEE Transaction on 

Pattern Analysis and Machine Intelligence, 33(6):1202–

1216, 2011. 

[2] K. Barnard, G. Finlayson, and B. Funt. Color constancy for 

scenes with varying illumination. Computer Vision and 

Image Understanding, 65(2):311–321, 1997. 

[3] S. Beigpour, C. Riess, J. van de Weijer and E. Angelopoulou. 

Multi-Illuminant Estimation with Conditional Random 

Fields. In IEEE Transactions on Image Processing. 23(1):83-

96, 2014. 

[4] S. Bianco, C. Cusano C,and R. Schettini. Color constancy 

using CNNs. In IEEE Conference on Computer Vision and 

Pattern Recognition (CVPR) Workshops, pp.81-89, 2015. 

[5] M. Bleier, C. Riess, S. Beigpour, E. Eibenberger, E. 

Angelopoulou, T. Troger, and A. Kaup. Color constancy and 

non-uniform illumination: Can existing algorithms work? In 

IEEE International Conference on Computer Vision (ICCV) 

Workshops, pp. 774–781, 2011. 

[6] A. Bousseau, S. Paris, and F. Durand. User-assisted intrinsic 

images. In SIGGRAPH Asia, 2009. 

[7] D. H. Brainard and W. T. Freeman. Bayesian color 

constancy. JOSA A, 14(7):1393–1411, 1997. 

[8] D. H. Brainard, and B. A. Wandell. Analysis of the retinex 

theory of color vision. JOSA A, 3(10):1651–1661, 1986. 

[9] G. Buchsbaum. A spatial processor model for object colour 

perception. Journal of the Franklin Institute, 310(1):1–26, 

1980. 

[10] V. C. Cardei, B. Funt, and K. Barnard. Estimating the scene 

illumination chromaticity by using a neural network. JOSA 

A, 19(12):2374–2386, 2002. 

[11] D. Cheng, B. Price, S. Cohen, and M. S. Brown. Effective 

learning-based illuminant estimation using simple features. 

In IEEE Conference on Computer Vision and Pattern 

Recognition (CVPR), pp. 1000–1008, 2005. 

[12] F. Ciurea, and B. Funt. A Large Image Database for Color 

Constancy Research. In Proceedings of the Imaging Science 

and Technology Color Imaging Conference (CIC), pp. 160-

164, 2003. 

[13] M. Ebner. Color constancy based on local space average 

color. Machine Vision and Applications, 20(5):283–301, 

2009. 

[14] G. D. Finlayson, S. D. Hordley, and I. Tastl. Gamut 

constrained illuminant estimation. In IEEE International 

Conference on Computer Vision (ICCV), 2:792-799, 2003. 

[15] G. Finlayson, S. Hordley, and P. Hubel. Colour by 

correlation: A simple, unifying approach to colour constancy. 

In IEEE International Conference on Computer Vision 

(ICCV), 1999. 

[16] G. D. Finlayson, C. Fredembach, and M. S. Drew. Detecting 

illumination in images. In IEEE Conference on Computer 

Vision and Pattern Recognition (CVPR), 2007. 

[17] G. D. Finlayson, S. D. Hordley, and M. S. Drew. Removing 

shadows from images. In European Conference on Computer 

Vision (ECCV), pp. 823–836, 2002. 

[18] G. D. Finlayson, S. D. Hordley, C. Lu, and M. S. Drew. On 

the removal of shadows from images. In IEEE Transaction 

on Pattern Analysis and Machine Intelligence, 28(1):59–68, 

2006.  

[19] D. A. Forsyth. A novel algorithm for color constancy. 

International Journal of Computer Vision, 5: 5-35, 1990. 

[20] D. Fourure, R. Emonet, E. Fromont, D. Muselet, A. Trémeau, 

and C. Wolf. Mixed Pooling Neural Networks for Color 

Constancy. In IEEE International Conference on Image 

Processing. 2016. 

[21] P. V. Gehler, C. Rother, A. Blake, T. Sharp, and T. Minka. 

Bayesian Color Constancy Revisited. In IEEE Conference on 

Computer Vision and Pattern Recognition (CVPR), 2008. 

[22] A. Gijsenij and T. Gevers. Color constancy using natural 

image statistics and scene semantics. IEEE Trans. Pattern 

Anal. Mach. Intell., 33(4):687–698, 2011. 

[23] A. Gijsenij, R. Lu, and T. Gevers. Color constancy for 

multiple light source. IEEE Trans. Image Process., 

21(2):697–707, 2012. 

[24] H. Gong and D. Cosker. Interactive shadow removal and 

ground truth for variable scene categories. In British Machine 

Vision Conference (BMVC), 2014. 

[25] I. Goodfellow, J. Pouget-Abadie, M. Mirza, B. Xu, D. 

Warde-Farley, S. Ozair, A. Courville, and Y. Bengio. 

Generative adversarial networks. In Advances in Neural 

Information Processing Systems (NIPS), 2014. 

[26] M. Gryka, M. Terry, and G. J. Brostow. Learning to remove 

soft shadows. ACM Transactions on Graphics, 34(5):153, 

2015. 

[27] L. Gu, C. Huynh, and A. Robles-Kelly. Segmentation and 

estimation of spatially varying illumination. IEEE Trans. 

Image Process., 23(8):3478–3489, 2014. 

[28] R. Guo, Q. Dai, and D. Hoiem. Single-image shadow 

detection and removal using paired regions. In IEEE 

Conference on Computer Vision and Pattern Recognition 

(CVPR), pp. 2033–2040, 2011. 

[29] R. Guo, Q. Dai, and D. Hoiem. Paired regions for shadow 

detection and removal. Transaction on Pattern Analysis and 

Machine Intelligence, 35(12):2956-2967, 2013. 

[30] S. Hosseinzadeh, M. Shakeri, and H. Zhang. Fast shadow 

detection from a single image using a patched convolutional 

neural network. arXiv preprint arXiv:1709.09283, 2017. 

[31] E. Hsu, T. Mertens, S. Paris, S. Avidan, and F. Durand. Light 

mixture estimation for spatially varying white balance. ACM 

Trans. Graph., 27(3):1-7, 2008. 

[32] Y. Hu, B. Wang, and S. Lin. FC^4: Fully Convolutional 

Color Constancy with Confidence-Weighted Pooling. In 

IEEE Conference on Computer Vision and Pattern 

Recognition (CVPR), pp. 330-339, 2017. 

[33] X. Hu, C.-W. Fu, L. Zhu, J. Qin, P.-A. Heng. Direction-aware 

Spatial Context Features for Shadow Detection and Removal. 

ArXiv preprint arXiv:1805.04635, 2018. 

[34] X. Huang, G. Hua, J. Tumblin, and L. Williams. What 

characterizes a shadow boundary under the sun and sky? In 

IEEE International Conference on Computer Vision (ICCV), 

pp. 898–905, 2011. 

[35] X. Huang, Y. Li, O. Poursaeed, J. Hopcroft, and S. Belongie. 

Stacked generative adversarial networks. In IEEE 



Conference on Computer Vision and Pattern Recognition 

(CVPR), 2017. 

[36] X. Huang, M.-Y. Liu, S. Belongie, and J. Kautz. Multimodal 

Unsupervised Image-to-Image Translation. In European 

Conference on Computer Vision (ECCV), 2018. 

[37] M. A. Hussain and A. S. Akbari. Color Constancy Algorithm 

for Mixed-Illuminant Scene Images. In IEEE Access, 

6:8964-8976, 2018. 

[38] P. Isola, J.-Y. Zhu, T. Zhou, and A. A. Efros. Image-to-Image 

Translation with Conditional Adversarial Networks. In IEEE 

Conference on Computer Vision and Pattern Recognition 

(CVPR), 2017. 

[39] H. R. V. Joze, and M. S. Drew. Exemplar-based color 

constancy and multiple illumination. IEEE Transactions on 

Pattern Analysis and Machine Intelligence. 36(5):860–873, 

2014. 

[40] T. Karras, T. Aila, S. Laine, and J. Lehtinen. Progressive 

growing of GANs for improved quality, stability, and 

variation. arXiv preprint arXiv:1710.10196, 2017. 

[41] S. H. Khan, M. Bennamoun, F. Sohel, and R. Togneri. 

Automatic shadow detection and removal from a single 

image. In IEEE Transaction on Pattern Analysis and Machine 

Intelligence, 38(3):431–446, 2016. 

[42] S. H. Khan, M. Bennamoun, F. Sohel, and R. Togneri. 

Automatic feature learning for robust shadow detection. In 

IEEE Conference on Computer Vision and Pattern 

Recognition (CVPR), pp. 1939–1946, 2014. 

[43] T. Kim, M. Cha, H. Kim, J. K. Lee, and J. Kim. Learning to 

discover cross-domain relations with generative adversarial 

networks. In International Conference on Machine Learning 

(ICML), 2017. 

[44] T. Kim, B. Kim, M. Cha, and J. Kim. Unsupervised visual 

attribute transfer with reconfigurable generative adversarial 

networks. arXiv preprint arXiv:1707.09798, 2017. 

[45] T. Kim, M. Cha, H. Kim, J. K. Lee, and J. Kim. Learning to 

discover cross-domain relations with generative adversarial 

networks. In International Conference on Machine Learning 

(ICML), 2017. 

[46] J. von Kries. Influence of adaptation on the effects produced 

by luminous stimuli. In Sources of color science. D.L. 

MacAdam. Ed. Handbook of Stuff I Care About, pp. 120–

126, MIT Press, Cambridge, MA, 1970. 

[47] A. Krizhevsky, I. Sutskever, and G. E. Hinton. ImageNet 

classification with deep convolutional neural networks. In 

International Conference on Neural Information Processing 

Systems (NIPS), pp.1097-1105, 2012. 

[48] O. Kupyn, V. Budzan, M. Mykhailych, D. Mishkin, and J. 

Matas. DeblurGAN: Blind Motion Deblurring Using 

Conditional Adversarial Networks. arXiv preprint 

arXiv:1711.07064, 2017. 

[49] E. Lakehal, D. Ziou, and M. Benmohammed. Multiple 

illuminant estimation from the covariance of colors. Journal 

of Visual Communication and Image Representation, 

46(C):107-118, 2017. 

[50] J.-F. Lalonde, A. A. Efros, and S. G. Narasimhan. Detecting 

ground shadows in outdoor consumer photographs. In 

European Conference on Computer Vision (ECCV), pp. 

322–335, 2010. 

[51] E. H. Land and J. J. McCann. Lightness and Retinex Theory. 

JOSA, 61(1):1-11, 1971. 

[52] C. Ledig, L. Theis, F. Huszar, J. Caballero, A. Cunningham, 

A. Acosta, A. Aitken, A. Tejani, J. Totz, Z. Wang, and W. 

Shi. Photorealistic single image super-resolution using a 

generative adversarial network. In IEEE Conference on 

Computer Vision and Pattern Recognition (CVPR), 2017. 

[53] M. Li, W. Zuo, and D. Zhang. Deep identity-aware transfer 

of facial attributes. arXiv preprint arXiv:1610.05586, 2016. 

[54] F. Liu and M. Gleicher. Texture-consistent shadow removal. 

In European Conference on Computer Vision (ECCV), pp. 

437–450, 2008. 

[55] Z. Lou, T. Gevers, N. Hu, and M. P. Lucassen. Color 

constancy by deep learning. In British Machine Vision 

Conference (BMVC), 2015. 

[56] P. Luc, C. Couprie, S. Chintala, and J. Verbeek. Semantic 

Segmentation using Adversarial Networks. In NIPS 

Workshop on Adversarial Training, 2016. 

[57] M. Mirza and S. Osindero. Conditional generative 

adversarial nets. arXiv preprint arXiv:1411.1784, 2014. 

[58] A. Mohan, J. Tumblin, and P. Choudhury. Editing soft 

shadows in a digital photograph. IEEE Computer Graphics 

and Applications, 27(2):23–31, 2007. 

[59] L. Mutimbu and A. Robles-Kelly. Multiple Illuminant Color 

Estimation via Statistical Inference on Factor Graphs. In 

IEEE Transactions on Image Processing. 25(11):5383-5396, 

2016. 

[60] A. Panagopoulos, C. Wang, D. Samaras, and N. Paragios. 

Illumination estimation and cast shadow detection through a 

higher-order graphical model. In IEEE Conference on 

Computer Vision and Pattern Recognition (CVPR), pp.673–

680, 2011. 

[61] L. Qu, J. Tian, S. He, Y. Tang, and R. W. Lau. DeshadowNet: 

A multi-context embedding deep network for shadow 

removal. In IEEE Conference on Computer Vision and 

Pattern Recognition (CVPR), pp. 4067–4075, 2017. 

[62] A. Radford, L. Metz, and S. Chintala. Unsupervised 

representation learning with deep convolutional generative 

adversarial networks. arXiv preprint arXiv:1511.06434, 

2015. 

[63] O. Ronneberger, P. Fischer, and T. Brox. U-net: 

Convolutional networks for biomedical image 

segmentation. In MICCAI, pp. 234–241. Springer, 2015. 

[64] E. Salvador, A. Cavallaro, and T. Ebrahimi. Cast shadow 

segmentation using invariant color features. Computer 

Vision and Image Understanding, 95(2):238–259, 2004. 

[65] W. Shi, C. C. Loy, and X. Tang. Deep specialized network 

for illuminant estimation. In European Conference on 

Computer Vision (ECCV), pp. 371–387, 2016. 

[66] O. Sidorov. Artificial color constancy via GoogleNet with 

angular loss function. ArXiv pre-print arXiv:1811.08456, 

2018. 

[67] J. T. Simon-Liedtke, J. Y. Hardeberg, and P. O. Husøy. Pixel-

wise illuminant estimation for mixed illuminant scenes based 

on near-infrared camera information. In IS&T Color Imaging 

Conference (CIC), pp. 217-221, 2014. 

[68] С. Szegedy, W. Liu, Y. Jia, P. Sermanet, S. Reed, D. 

Anguelov, D. Erhan, V. Vanhoucke, and A. Rabinovich. 



Going deeper with convolutions. In IEEE Conference on 

Computer Vision and Pattern Recognition (CVPR), pp. 1-9, 

2015. 

[69] J. Tian, X. Qi, L. Qu, and Y. Tang. New spectrum ratio 

properties and features for shadow detection. Pattern 

Recognition, 51:85–96, 2016. 

[70] Y. Vicente, F. Tomas, M. Hoai, and D. Samaras. Leave-one-

out kernel optimization for shadow detection. In IEEE 

International Conference on Computer Vision (ICCV), pp. 

3388–3396, 2015. 

[71] T. F. Y. Vicente, L. Hou, C.-P. Yu, M. Hoai, and D. Samaras. 

Large-scale training of shadow detectors with noisily-

annotated shadow examples. In European Conference on 

Computer Vision (ECCV), pp. 816–832, 2016. 

[72] T. C. Wang, M.-Y. Liu, J.-Y. Zhu, G. Liu, A. Tao, J. Kautz, 

and B. Catanzaro. Video-to-Video Synthesis. arXiv preprint 

arXiv:1808.06601, 2018. 

[73] J. van de Weijer, T. Gevers, and A. Gijsenij. Edge-based 

color constancy. IEEE Transactions on Image Processing, 

16(9):2207–2214, 2007. 

[74] T. P. Wu, C.-K. Tang, M. S. Brown, and H.-Y. Shum. Natural 

shadow matting. ACM Transactions on Graphics 26(8), 

2007. 

[75] C. Xiao, R. She, D. Xiao, and K.-L. Ma. Fast shadow removal 

using adaptive multi-scale illumination transfer. In Computer 

Graphics Forum, 32:207–218, 2013. 

[76] W. Xiong and B. V. Funt. Color constancy for multiple-

illuminant scenes using retinex and svr. In IS&T Color 

Imaging Conference (CIC), pp. 304–308, 2006. 

[77] Q. Yang, K.-H. Tan, and N. Ahuja. Shadow removal using 

bilateral filtering. IEEE Transactions on Image Processing, 

21(10):4361–4368, 2012. 

[78] L. Zhang, Q. Zhang, and C. Xiao. Shadow remover: Image 

shadow removal based on illumination recovering 

optimization. IEEE Transactions on Image Processing, 

24(11):4623–4636, 2015. 

[79] J. Zhao, M. Mathieu, and Y. LeCun. Energy-based generative 

adversarial network. In 5th International Conference on 

Learning Representations (ICLR), 2017. 

[80] J. Zhu, K. G. Samuel, S. Z. Masood, and M. F. Tappen. 

Learning to recognize shadows in monochromatic natural 

images. In IEEE Conference on Computer Vision and Pattern 

Recognition (CVPR), pp. 223–230, 2010. 

[81] J. Y. Zhu, T. Park, P. Isola, and A. A. Efros. Unpaired image-

to-image translation using cycle-consistent adversarial 

networks. In IEEE International Conference on Computer 

Vision (ICCV), 2017. 

[82] J. Zhu, K. G. Samuel, S. Z. Masood, and M. F. Tappen. 

Learning to recognize shadows in monochromatic natural 

images. In IEEE Conference on Computer Vision and Pattern 

Recognition (CVPR), pp. 223–230, 2010. 

 


