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Abstract 
 

Color constancy refers to a stable psychological tendency in perception even the lighting 

circumstances changed and it plays an important role in many computer vision applications. In 

this paper, an overview of many frequently used computational color constancy algorithms is 

presented. Besides, existing algorithms are usually divided into statistical and physics-based 

and we discuss the characteristic between them, and we also evaluate two main stream 

hypotheses that usually made before conducting the ill-posed Lambertian Reflectance Model 

and discuss about their different emphases. What’s more, we perform a comparison analysis in 

section 3 among three of the most basic algorithms with several well-defined criteria.  
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1 Introduction 

The physical color, that is, humanly perceived color of any object generally depends on two 

factors; one is the incident light and the other one is surface property, which offers 

information of reflected light from the surface of the object. Therefore, the same object shot 

under different lighting conditions often show completely different colours. Fortunately, 

human eyes have an ability to perceive relatively constant in color under different external 

irradiation conditions. This is called Color Constancy [1]. Color constancy refers to a stable 

psychological tendency in perception even if the lighting circumstances are changed. Simply, 

that is, the surface of the same object under different lighting conditions will produce different 

reflectance spectral, and the mechanism of the human body is indeed able to distinguish 

between the different surface reflectance spectral caused by changes in illumination, but 

human cognitive color of the object is kept constant within a certain range, i.e. the color of the 

surface of the object is not changed. 

The research group led by Adelson [2], has been engaged in human vision research to 

understand the changes in light perception since the eighties of last century, who has made a 

lot of milestone achievements. 

As shown in Figure 1, we placed a cylinder at the corner of the black-and-white 

checkerboard, and two squares on the board are labelled by "A" and "B".  Given a beam of 

light come from the right front side of the scene, making the cylinder projected a shaded area 

on the checkerboard due to the occlusion of light. If we were asked this question: Among 

these two areas, A and B, which is black, which is white? 

By observing Figure 1, we can make judgments quickly, that the square marked with the 

word "A" is black, and "B" is white. But if we take the grayscale of "A" as the standard and 

color two parallel strips, place them straight across those two labelled areas, like what shown 

in the right of Figure 1, we can find that due to the presence of shadow, the grey value of "B" 

decrease greatly to an extent that equal to area "A" which is not under any shadow. Although 

area "B" lies in a white square, it is now showing the same grayscale performance with black 

squares. 

 

Figure1. Checkerboard with casted shadows 
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However, this kind of observations and analysis shows that the human brain has a 

potential mechanism to deal with this complex situation. Eliminating the enormous changes 

of appearance caused by changing light conditions, straightening original performance out can 

provide us a reliable guarantee for accurate visual information processing and understanding.  

In order to improve the stability of the computer vision system, scholars introduced the 

theory of color constancy and put forward the theory called Computational Color Constancy. 

The purpose is to eliminate the impact of light on the image color thereby obtain the object 

surface with light-independent color characteristics. According to Lambertian Reflectance 

Model, the observed color we see at a certain point is related to several coefficients, the color 

of the light source, the surface reflectance and also the camera sensitivity function. And this 

gives us an inference that color constancy is equivalent to the estimation of e by Equation 1 as 

you can see:  

                        e=∫ _ωe(𝜆)c(𝜆)dλ                         (1) 

Here, e(𝜆)corresponds to the light source, c(𝜆) represents the camera sensitive function with 

wavelength 𝜆, over the visible spectrum 𝜔. And this is an ill-posed problem that you have to 

make assumptions since both e(λ) and c(λ) are unknown. This is an under-constrained 

problem and therefore it can not be solved without further assumptions [3]. 

Generally, Color Constancy Algorithms are composed of two procedures. Firstly, 

estimate the illumination where the picture is shot. And the second step is the correlation, 

which means we can justify the color condition if it is needed. So, when we already get one 

estimated lighting condition, how can we conduct the correction from any arbitrary light to a 

standard white state? J.von Kries [4] put forward a diagonal model to do the conversion 

between different light conditions, namely VonKrie Model. The second step is relatively 

easier because we can project one color to another light condition simply by doing a diagonal 

matrix production. For instance, color f1 under lighting condition e1=[𝑅1, 𝐺1, 𝐵1] can be 

projected to a color f2 under lighting condition e2= [R2, G2, B2] by a diagonal matrix D: 

                        f2=D*f1 =[

𝑅2/𝑅1 0 0
0 G2/G1 0
0 0 ⋯ 𝐵2/𝐵1

]f1                   (2) 

Therefore, Illumination Estimation is the most critical step in the calculation of color 

constancy. 

1.1 Aims 

Many estimation algorithms have been proposed and can be broadly classified into two 

categories: being either statistical or physics-based. Physics-based approaches are popular for 

Gamut mapping [5] as well as Bayesian color constancy proposed by Brainard[6], which 

usually require a learning procedure to get information for estimating illumination. While 

statistical-based approaches are relatively simpler in processing with low complexity, which 

means, they use low-level image features. However, both of these two approaches can be 

conducted under certain assumptions. In this paper, we systematically summarize review of 

existing algorithms, as well as their theoretical foundations and characteristics. We focus on 

statistical-based illumination estimation algorithms with two main stream hypotheses usually 

made in the field of color constancy computation, the average grey and the Perfect reflectance, 
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analyse their mechanisms and discuss their corresponding strengths and weaknesses. We also 

present a comparison analysis with proper criteria defined, both in definition and performance, 

among three basic color constancy algorithms, namely, Gray World, Max RGB and Shades of 

Grey. 

1.2 Algorithms Background 

All of these three fast color balancing algorithms, namely, Gray World, Max RGB and Shades 

of Grey, are statistical based and they estimate the R, G, B components of the illumination 

vector by making additional assumptions on the scene and/or light source. The image is then 

corrected by calculating gain factors for each of the three color channels.  

1.21. The Gray World 

The Gray World algorithm is one of the oldest and the simplest color constancy algorithms 

which claimed under the assumption that the average of the surface reflectance of a typical 

scene is achromatic, with some pre-specified value, which is referred to as “gray.”[7]. It is 

also said that, given an image with sufficient amount of color variations, the average value of 

the R, G, and B components of the image should average to a common gray value. [8]. This 

implies that any deviation of the average color away from grey is caused by the effects of the 

light source.  

In real life, color variations in an image are randomly happened and very common to see. 

Based on the Gray World assumption, we can consider that the average would converge to the 

mean value, gray. Therefore, the algorithm could estimate the color of image under unknown 

light source by forcing its images to have a common average gray value for all R, G, and B 

components. As a result of approximation, lighting casts can be properly removed and the 

color condition of the image is much closer to the original scene. We use a mathematical way 

to represent this assumption: 

                           
∫ (𝑓(𝑋)𝑑𝑋)

∫ 𝑑𝑋
= 𝐾𝑒                                (3) 

Here, f(X) is actually the image itself where x is the spatial coordinate in the image, and k 

is a constant which means the concept of achromatic, between 0 for no reflectance (black) and 

1 for total reflectance (white) of the incident light,. According to this equation, the color of the 

light source can be obtained by the average values of three color channels of the whole image 

by following mathematical inference [12]: 

∫ 𝑓(𝑥)𝑑𝑋 

∫ 𝑑𝑋 
    =   

1

(∫ 𝑑𝑋)
 ∫ ∫ _𝜔𝑒(𝜆)𝑠(𝜆, 𝑥)𝑐(𝜆)𝑑𝜆𝑑𝑋 

                  = ∫ _𝜔𝑒(𝜆)𝑐(𝜆)(
(∫ 𝑠(𝜆,𝑥)𝑑𝑋)

(∫ 𝑑𝑋)
) 𝑑𝜆                     (4) 

= k∫ _𝜔𝑒(𝜆)𝑐(𝜆)𝑑𝜆 = ke 

 

1.22. Max RGB  

Algorithm Max RGB is conducted under another well-known assumption, that is the 

White-Patch, which gives us a statement of ‘a perfect reflectance’ [9]. In other words, a 
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perfect reflectance refers to a region with particular white values and the maximum response 

in image is caused by this white patch. It assumes that if there is a white patch in the imaging 

scene of an image, the maximum value of each channel of the RGB-format image will appear 

in the white patch. Thus, under the assumption of the presence of white patch, the max values 

of each R, G, B channel of the image is the illumination color, therefore it is also known as 

max-RGB algorithm, which utilizes this assumption to compute the maximum responses in 

either of the three channels R, G and B and sets the color of the light source to this value [10]. 

We conduct the Max operation in all the separate channels, detecting the maximum of the 

responses in each channel. So it works in a very similar way to that of the gray world 

algorithm in equation (3), and we only simply replace the mean value by the maximum value 

of the sensor responses in each channel. 

1.23. Shades of Grey 

According to Finlayson and Trezzi [11], the Gray World and the Max-RGB algorithm are two 

different instantiations of a more general color constancy algorithm based on Minkowski 

norm. That is the Shades of Grey algorithm. Since what we have mentioned, Gray World and 

Max-RGB algorithms will respectively return the relatively satisfying results if the average 

scene color is approximating grey or the maximum is white, we need to make trade-off 

between them. People ask: Would we perform better color constancy by assuming the scene 

average is some shade of grey? Finlayson and Trezzi give a mathematical answer and the 

method is computed following function below: 

 (
∫ (𝑓(𝑋))𝑝𝑑𝑋

∫ 𝑑𝑋
)1/𝑝=Ke                        (5) 

It introduces Minkowski-norm, which expands the applying scope of the algorithm to a 

certain degree, hence Gray world and White Patch algorithms can be included. The 

Minkowski-norm is the normalized result forms the estimated illumination vector. It computes 

a weighted average of the pixel values, assigning higher weights to pixels with higher 

intensities. The weight function proposed is based on the Minkowski-norm p, which gives the 

following function: 

It is notable that, for p = 1, the equation is equal to equation (4) in the assumption of 

Gray World, and for p = ∞, it is equal to compute the maximum value max f(x) and that is 

color constancy by Max-RGB. Besides, through repeated experiments, when 1<p<∞, 

Finlayson get an approximately accurate value, that is, when p=6, Shades of Grey algorithm 

performs the best estimation results. So we also take 6 in our following experiments. 

1.3 Research questions 

This study will reach 3 research questions. The first two objectives will be met through in the 

section 2 while the final objective is derived as a conclusion of the research findings from 

former objectives in the Results section: 

1. Estimate existing approaches by dividing the algorithms into two groups, 

statistical-based and physics-based. What are their theoretical foundations and characteristics 

in color constancy computation?  

2. Focus on statistical-based illumination estimation algorithms under two main 

assumptions, the average grey and the Perfect reflectance. Does one assumption show 
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specific advantage than another? 

3. Conduct and present a comparison analysis on the differences of theoretical basis 

among basic color constancy algorithms, namely Gray World, White Patch and Shades of 

Grey. Is it possible to create comparison criteria suitable for all three algorithms?  

2 Evaluating Existing Color Constancy Algorithms 

As we mentioned in Introduction section, estimation algorithms can be broadly classified into 

two groups: being either statistical or physics-based. The former one is usually based on 

low-level image features that can be directly applied to images. For example, we can directly 

collect the image’s RGB information in use without any learning phase or space partition. The 

second group consists of algorithms that use information acquired in a learning phase to 

obtain knowledge about the images, like possible light sources and the distribution of possible 

reflectance colors to be present in natural scenes. The statistical-based algorithms are also 

called static method and ‘static’ here indicates that the parameter settings of input images are 

fixed. For instance, in function (3) and (4), no matter the light source can be estimated by 

computing the average color in the image or by the maximum response in the separate color 

channels, K is the parameter which is a multiplicative constant. Physics-based algorithms 

show very different solutions such as dividing a color space into several planes, and learning 

methods are combined for better performance. In this case, the parameters are obviously 

dynamic so Physics-based algorithms are usually accompanied with more complicated 

computations. 

The most significant advantage in statistical based algorithms is that they are defined 

with less complexity and are easier to calculate. Physics-based algorithms normally ask for 

high accuracy in estimating illumination thus a large amount of experiments data needed. 

Although they show some complexity but they perform more flexible results and can be 

implemented in varied conditions with the help of learning ability. 

As for the assumptions we made, since Lambertian Reflectance Model is actually an 

ill-posed problem so that proper assumptions are acquired because not all the parameters are 

known. Therefore this under-constrained problem is usually solved with some assumptions. 

The majority of algorithms make some assumptions about the statistics of the reflectance to 

be encountered, and most make assumptions about the illumination conditions that will be 

encountered. Two well-known assumptions are the assumption of achromatic reflection and 

Perfect reflectance as we mentioned before, the former one focus on the chromaticity of the 

scene illuminant and the latter focus on the overall magnitude of that illuminant. Specifically, 

algorithm Gray World and Shades of Grey are conducted under the former assumption while 

algorithm Max RGB is performed under the latter. Just like the ways the assumptions are 

defined, they have different goals to achieve and can be implemented with different purpose. 

We will discuss these two kinds of assumptions more detailed with actual experimenting 

results in Discussion section.  
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3   Comparison Analysis  

Our research is held under the premise of single light model and this provides us an easier 

way to calculate with less complexity. Our experiments emphasize on the use of 

statistical-based algorithms, and we take three most basic algorithms of them as sample 

algorithms to program, including two gray world methods and one another method under 

assumption ‘White-Patch’. The Gray World algorithm and Shades of Grey make assumptions 

about the stability of the expected value of scene averages; Max RGB makes an assumption 

that the color correlation is done by detecting the maximum in each channel. Aiming to do a 

comparison analysis among them, we define some proper criteria that can suit all of them. 

Besides, since the two main assumptions are made with different goals as we mentioned in 

section2, the results we get from our research can also test how well the algorithms perform in 

their own fields. 

In this section, the algorithms proposed above will be re-evaluated by using a same dataset 

consists of static raw images, and their results will be compared. Firstly, the database we use 

is introduced in Section 3.1 and some experimental details are described in Section 3.2. 

Secondly, the ways to measure performance, including time consuming and errors are 

described in Section 3.3. Finally, the overall color constancy evaluation of algorithms on the 

data set is shown with several standards in table3 in the next results section.  

3.1 Data Collection   

All of the images used for testing are provided by Computational Vision Lab from Simon 

Fraser University [12]. Members of this institution conduct studies and experiments in fields 

like machine vision and image processing, which most focus on computational vision, 

enabling computers to use visual information. There are several datasets available online, 

among different categories, including sets of hyper spectral images, HDR images and so on. 

We take full use of a dataset called Object Recognition Image Database[12], where all images 

were captured with a Sony DXC-930 3 CDD digital video camera. Gamma Correlation is 

turned off so there is no any editing in the image's gamma curve and only linear functions 

response. Information of settings is described below.  

Images of objects are shot in a fixed orientation, and are captured under 5 different 

illuminants. Images are all raw images without any image pre-processing. Our work deals 

with the most general conditions so images with colored metals or fluorescent surfaces are 

avoided. Camera and Capture Settings are illustrated as the Table1 below: 

Table1. Camera and Capture Settings. 

Each object stands still and was placed in a Macbeth Judge II light booth. They are shot 

under five Illuminant conditions and table2 illustrates corresponding descriptions. Figure2 

gives the original model images of which the object is under lighting condition mb-5000, 

mb-5000+3202, syl-cwf, ph-ulm and halogen from the left to right respectively. It is notable 

Label Sony DXC-930 3 CDD digital video camera 

Gamma Correction OFF 

Colour Tempurature 3200 K 
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that the second illuminant is mb-5000 conjunct with the Rosolux 3202 Full Blue filter, where 

two tubes were used to produce a light similar to deep blue in color temperature. We can see 

the original images in figure2.  

Table2. the descriptions of five illuminant conditions.  

Figure2. Ball as seen under the 5 illuminants (from left to right: mb-5000, mb-5000+3202, ph-ulm,, 

syl-cwf, halogen) 

3.2 Experimental Details 

For the three algorithms we are going to compare, Matlab is the software we used to program. 

We program the Gray world and Max RGB following the mechanism mentioned in 

Introduction section, the code for algorithm Shades of Grey is available to the public via the 

internet for researching [12] and all of them are described below.  

Firstly, the Gray world algorithm estimates the color of image under unknown light source 

by comparing this average value. We split the image into R, G and B components and 

calculate the average of each color channel , and use these means to decide the 

average for all three channels by summing the means and divide by 3. Then scale factors are 

created by dividing each channels average with the overall average from above. As the last 

step, multiply each channel R, G and B with its corresponding scale factor and create new 

image.   

The illumination estimation in Max RGB is processed by detecting the maximum of the 

responses in each channel so it works in a very similar way to that of the Gray world 

algorithm, and we only simply replace the mean value by the maximum value of the sensor 

responses in each channel. 

An algorithm of Shades of Grey is given by Joost van de Weijer [13] which is perhaps the 

most popular one used today. He provided a Matlab code for edge-based color constancy and 

within this file, there is an implementation of Shades of Grey included.   

3.3 Performance measure 

For evaluation, three performance measures are used in this paper. Speed of every algorithm 

is calculated by elapsed time, and the Euclidean distance and angular error are used to 

Illuminant Name Description 

mb-5000 Macbeth 5000 K fluorescent tubes.  

mb-5000+3202 Macbeth 5000 tubes with Roscolux #3202 Full Blue filter.  

ph-ulm Phillips Ultralume fluorescent tube. 

syl-cwf Sylvania Cool White Fluorescent tube. 

halogen Sylvania 75W halogen bulb. 
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validate the performance of the color constancy algorithms. Besides, we ask a group of five 

people with various backgrounds to choose their favorite results as subjective opinion.  

To compare which algorithm executes the fastest, speed can be represented by the means of 

detecting the running time when algorithms are programming. Euclidean distance as well as 

angular error can be achieved by making calculation pixels by pixels both on the result image 

and the original. Their mathematical theories will be explained in 3.33. Subjective opinion is a 

criterion shows people’s preference and is represented by using percentage, for example, how 

many votes for image I to be the best among all. 

3.31 Time consuming cost 

A factor usually matter in every comparison of computational algorithms is the speed of 

running processing. We simply place each algorithm within a ‘tic-tok’ function when we 

program in Matlab. The time we want to compare should exactly consumed by algorithm 

itself so other code for calculating errors are excluded when counting the time. We also close 

other running programs and windows. For each round of testing, five results are collected and 

the average of them is used for later comparison.  

3.32 Subjective preference 

For the reason that the biggest significance of computational color constancy algorithm is to 

simulate the perception constancy of human brain, it should behave as close as possible to our 

thinking. Therefore, we take people’s opinions into account and present them as a subjective 

preference. To do this, we conduct a survey to five people with various backgrounds including 

college students and the middle-aged workers. Two of them are female and they are all doing 

different occupations. Among the four resulting images, they vote for their favorite one only. 

The total 25 votes are divided by counted votes for each algorithm and the percentage is used 

to measure subjective preference. Table3 below illustrates specific number of votes. 

We believe that this measuring method is valid because resulting images are placed 

randomly so that people are not aware of what comes from which algorithm. Since our brain 

has the ability of perception constancy, we can know the true color of the ball from the 

original image which is under a color cast. Thinking of this factor, we ask people to vote for 

the one who shows the closest color to their first impression. They compare three resulting 

images with the original sample each time and select the best color balanced one relying on 

their own perceptions. Percentages have been rounded up. 

3.33 Euclidean distance and Angular error 

Determining the distance between images usually can provide intuitively reasonable results 

[14]. In mathematics, when we want to calculate a distance between two points, the use of 

Euclidean distance would be suitable regardless of the dimension of data space. Pixels in an 

image can be seen as points in three dimensions (Red, Green and Blue). In three-dimensional 

Euclidean space, the distance is: 

              D (p,q)=√(p1 − 𝑞1)2 + (p2 − q2)2 + (p3 − q3)2           (6) 

Euclidean distance is calculated pixel by pixel and their average value is used as a 

measure element. With bigger Euclidean distance, the variation between the preprocessed and 
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post processed image is often bigger.  

Angular error is another criterion commonly used to show how accurate the illumination 

estimated is. Every estimated illuminant e is actually a RGB triplet and we can regard it as a 

vector in a 3-d space. The error between the original illuminant 𝑒1 and an estimated 

illumination 𝑒2 is calculated as following: 

d(𝑒1,𝑒2) = cos−1(
𝑒1 ∙𝑒2

‖𝑒1‖∙‖𝑒2‖
)                   (7) 

Here, 𝑒1 ∙ 𝑒2 is the dot product and ‖𝑒1‖ is actually the Euclidean norm of a vector. It 

works in a mathematical way of Cosine Similarity[14] where when two vectors of attributes 

are given, we use the magnitude of vectors and dot product to represent the cosine 

similarity[15], cos(θ): 

                       a∙ b = ‖𝑎‖ ∙ ‖𝑏‖ cos(𝜃)                        (8) 

Angular error provides feedback as angles which are intuitive for us to compare. 

3.34 RGB histogram in Individual channels  

Although we can use Euclidean distance to measure how much does an algorithm change the 

color, it is not sufficient to say the change is made in a right direction, especially when the 

image is under a serious color cast. Digital image histograms are presented as a bar chart with 

the horizontal axis being the tonal range of your image, and the vertical axis shows the 

relative number of pixels at each of the 255 tonal values. It provides a suitable way to check 

color balance. However, since every pixel has a numerical tonal value assigned for each of the 

three color channels R, G and B, we can split an image in three channels and study the 

histograms of them. It is easier to figure out how much does the correlation contribute by 

viewing an individual channel histogram for each color RED, GREEN and BLUE. For 

example, among the five images we use in the dataset, there is one under Macbeth 5000 tubes 

with Roscolux#3202 Full Blue filter which shows strong color cast in blue. If an algorithm is 

efficient enough to estimate the right lighting condition and adjust it, the histogram of the 

result image in channel blue should have a balanced shape of distribution. To achieve this 

goal, we program code to split every input image to three channels and run it with our three 

algorithms respectively. Specifically, if the range of blue pixels has been narrowed, it 

indicates that the resulting image is in a more balanced distribution of blue. One image in the 

dataset with strong blue cast is used for testing. The final result of histograms is shown in 

figure 7 to figure 9 in the next section with results.  

4 Results 

In our research, there are four criteria defined for comparison analysis and the results in all 

four aspects will be represented in this section. At first we can have a look at table3, where an 

overall evaluation with criteria and resulting data. All details about those data will be 

explained later in this section. 
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Table3. Overall Color Constancy Evaluation of these algorithms. 

Method Assumptions 
Average 
elapsed time  

Mean of 
angular 
error 

Subjective 
preference 

Gray-World average grey 0.370 89.9981 36% 

Max RGB 
Perfect 
reflectance 

0.408 
89.9971 20% 

Shades-of-Gray average grey  0.284  89.9977 44% 

 

Below is the line chart which demonstrates the average elapsed time for every algorithm 

to complete a turn. We can see that Shades of Grey dominates the first place with the shortest 

time among all test images while the time consumed by algorithm Gray World and Max RGB 

show some fluctuations around 0.4. So Shades of Grey algorithm shows obvious advantages 

in time saving. We will discuss more in the next section. 

 

Figure3. The line chart of elapsed time for three algorithms. 

Another criterion we use to do the comparison is the subjective preference. Table4 provides 

the specific number of votes among five people with various backgrounds. One of them 

pointed out that the images from algorithm Shades of Grey look very similar to the 

impression in her own mind. ‘It looks very fluent in color distribution and I can clearly figure 

out the white part and the dark.’ She said, ‘But some of others look like they are still under a 

red or purple light and not very nice.’ Another participant in the survey shows his opinion that 

among three resulting images; two of them look very similar to each other. And we find out 

these two images he mentioned come from algorithms the Gray World and Shades of Grey. 

Table4. The number of votes for three algorithms with five test images.  

 mb-5000 mb-5000+3202 ph-ulm syl-cwf halogen 

Gray-World 2 4 0 2 1 

Max RGB 1 0 2 0 2 

Shades-of-Gray 2 1 3 3 2 

As the statistics exhibited in Table4, Shades-of-Gray win the highest percentage of 44% 

and the other two algorithms share the rest with 36% and 20%. The voting is based on a 

standard that, compared with the original input image, which of the results do you think 

contributes most in color balancing. In other words, they vote for the one, from their points of 

view, shows the closest color to the impression in their brain when they firstly see the original 

sample image. This survey gives us the idea that algorithm Shades-of-Gray corresponds to the 

0

0.1

0.2

0.3

0.4

0.5

GrayWorld

MaxRGB

ShadesOfGrey
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most satisfactory simulation of constancy in human brain.   

Figure4 below illustrates totally 15(3*5) conditions with each calculated Euclidean 

distance shown in the bottom right corner of the images. The original dataset images without 

any processing are shown in the left column as reference. We can see that for every 

illuminating condition, algorithm Gray World always gives the biggest Euclidean distance.  

 

Figure4. Results of various methods applied to several test images. The Euclidean distance is shown in 

the bottom right corner of the images. The methods used are, from left to right, Gray World, Max RGB 

and Shades of Grey. 

These matches up to the condition of average angular error we get. As we can see in 

figure5, Y-axis shows the computed cosine angle and X-axis shows the horizontal ordinate of 

the image measured by pixels. During our calculation, we calculate the cosine angle pixels by 

pixels and average them in every column. Except for those intervals where all of the three 

algorithms reach 90 degree, it is Gray World algorithm that provides the biggest cosine angle 

although the gaps are very limited (Figure 5). This suggests that Gray World algorithm shows 

biggest difference in angular error as well as Euclidean distance. 
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Figure5. The average values of angular error of three algorithms. 

However, according to Figure2 in section 2, we can see images of a ball under 5 different 

illuminants and the second image from the left shows strong color cast in blue. This gives us a 

breakthrough point to see which algorithm can do the best correlation. With this idea, we 

show both before and after histograms in blue channel for all of the three algorithms in 

figure6, figure7 and figure8 respectively. We can see that the range is obviously narrowed 

except Max RGB. It suggests that Max RGB does not perfectly correlate the unbalanced color 

so we take another picture for re-testing. This will be discussed more detailed later in section 

of Discussion.  

 

Figure6. Histogram of blue channel of pic 2 with algorithm Gray World. 
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Figure7. Histogram of blue channel of pic 2 with algorithm Max RGB 

 

Figure8. Histogram of blue channel of pic 2 with algorithm Shades of Grey. 

5  Discussion and Conclusion 

In this paper, an overview of approaches to estimate lighting condition is presented, together 

with some criteria that play an important role in computational color constancy algorithms. 

These three algorithms are not only frequently used, but also simple to be re-operated in 

advanced algorithms. All of the statistics we get from images are indicative for the 

performance of the different color constancy algorithms. In this section we will discuss both 

objective and subjective opinions about our experiments. 

The algorithms we compare are all based on low-level information so that they are not 

dependent on any other input training data. Unlike some physics-based methods which need 
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to use information about the physical interaction between the light source and the objects in a 

scene, they are all based on the simple Lambertian reflection model so that they are easily to 

be implemented. Existing algorithms include the Gray World and the white-patch provides us 

advantages of simple implementation and fast execution. Besides, Gray World algorithm and 

the Max RGB are actually the most basic implementation of assumption ‘Gray World’ and 

‘White-Patch’, other advanced approaches working on improving accuracy we use today are 

based on them. Therefore, in his paper, the criteria selected are transparent because there is no 

complicated parameters may affect the results. 

As we mentioned above, we use‘tic-tok’ function in Matlab to count the running time. 

We believe this criterion is trust worthy because the computer system is under good condition 

with fast processing, and all the running times we get are under 0.5 second which is fast 

enough so that any effect of time consuming produced by programing system can be 

negligible to count. What's more, we noticed that for each round of testing, the first test 

always need longer time because Matlab needs time to assign memory. So the results we 

collected are the latter five results among six tests. We abandon the first time result and all of 

tests we conduct are under the same time interval. So the criterion of time seems objective 

and we can believe that the algorithm Shades of Grey dominates the first place in time saving. 

To be more precise, further work can be done in comparison. Can we count the running time 

when the size of image is changing? Does one algorithm perform fastest regardless of size? 

We can calculate the ration between time and size and try to find their variation tendencies. 

Considering that we take Euclidean distance as well as Cosine angle (angular error) to be 

the measurements, it is notable that Euclidean distance is more sensitive to outlier. This is 

because of the mathematical way they are calculated. For Euclidean distance, every point is 

regarded as a single 3D point with R, G and B as axes values. However, when we calculate 

Cosine angles, every point becomes a vector pointed from the original (0, 0, 0) point. As what 

shown in figure9 below, angle AOB is the cosine angle for points A and B.  

 

Figure9. Euclidean distance and angular error are illustrated in 3D dimensions. 

We can see, the angle AOB is pretty small but the actual distance (the line shown in red) 
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between points A and B is not as small as the angle shows. For this reason we can say that if 

there are many outliers exist, Euclidean distance is more sensitive to show the difference 

while Cosine angle distance is more robust. In our case, it doesn’t create biased results 

because the data we use is under the most general conditions and avoid images with metals or 

fluorescent surfaces. But when an image contains some absolute white points which show 

much higher intensities than others, for example, the specular reflection, it is not sufficient if 

we only rely on the angular error. Under that circumstances, these two measurements will 

have better performance if we take both of them into account, not only their averages but also 

the maximum values. 

However, we can’t say that a resulting image with a bigger Euclidean distance is always 

corresponding to better correlation. Bigger Euclidean distance or angular error indicates 

bigger difference from the original image but does not equal to absolutely better color balance. 

If the original image is already under a comparative balanced color distribution, constancy 

algorithms don’t have to estimate a different light condition. That’s why we use histogram. As 

we all know the shape of histogram is a convincing tool to present color balance. If we take a 

look at the case in our research, the case with illuminant ph-ulm (figure10), the color of 

original image we perceived is already very close to ideal condition in our brain. The biggest 

Euclidean distance is calculated by the Gray World algorithm but it leads the original image to 

be greenish. Subjective preference voted from people also shows obvious tendency to results 

with smaller Euclidean distance. If we have a look at the histogram in figure11, the range of 

histogram with Max RGB algorithm starts from 0 to almost 235 while the range of histogram 

with Gray World algorithm does not even reach the intensity value of 200. These indicate that 

histogram in the left contains much more pixels with high intensity in color blue and it is very 

possible that these will lead to a bluish resulting image. Thus, Max RGB algorithm performs 

better in color balance although it has smaller Euclidean distance.  

Therefore, generally speaking, in the extreme instance such as when serious overall 

biased color exists, bigger Euclidean distance can give better correlation because it drives the 

result away from origin. But when the original image does not show big deviation in color 

distribution, it is more scientific to make a comprehensive judgment with both Euclidean 

distance and the histogram. 

 

Figure10. The result images we get after color constancy algorithms (from left to right: Gray World, 

Max RGB, Shades of Grey) under illuminant ph-ulm. 
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Figure11. Histogram we get after color constancy algorithms Gray World and Max RGB under 

illuminant ph-ulm. 

 

It is not objective to say which algorithm shows overwhelming advantage because every 

algorithm has its own definition and purpose. Therefore, we can only compare how well they 

perform on their own emphasizing goals.  

First of all, all the algorithms are conducted under a single light condition. Compared 

with single light model, color constancy calculations under multi-light could be more difficult 

and complex and this leaves us a potential problem that can be studied in future. As to the 

applicable condition for each algorithm, Gray World algorithm will show its superiority when 

the scene contains a wide variety of colors but all of them share a uniform tendency in 

intensity. In other words, the illuminant in the scene is spatially uniform, for example, when 

all the objects in a scene are under a strong color cast. But for those who show an obvious 

advantage in one particular color or various colors are under extremely unbalanced 

distribution, the estimation result is relatively poor. Since the mechanism of Gray World 

algorithm is to contribute on the average level of whole image, we believe it performs well as 

what it is expected to be. 

For the Max RGB algorithm under assumption of ‘White-Patch’, the algorithm is more 

suitable if any white surface or presence of images with high light region exists in the scene. 

Max RGB algorithm takes the maximum values in each channel as reference so it may give 

biased results if there isn’t any white part that can be detected or the image is under a strong 

color cast. Our experiment with the first two images which are extremely bluish, that is, the 

images under illuminant mb-5000 and mb-5000+3202 show shortages in correcting the bluish 

condition and it exactly support this idea.  

Finally, the Shades of Grey algorithm is the newest one among these three and Max RGB 

method and the Gray World method can be interpreted as the same algorithm applied with 

different instantiations of Minkowski norm. In this paper we perform Shades of Grey with 6 

as its Minkowski norm because it has been proved in many experiments that the algorithm 
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performs best with 6. So the Shades of Grey algorithm is actually an advanced approach and 

people do show highest subjective preference in this method according to the results of our 

survey.  

In our research, we do not conduct any image with specular reflections and all the 

algorithms we test are specifically not required for secularities to be present. However, 

specular reflections are very common in our daily life and therefore we can study further in 

this point in future. 

   In a word, in this paper, we have shown that research questions are accomplished (the 

first research question is discussed in section 2, the other two are accomplished in 

following sections with results), and we can see that each algorithm performs well in 

achieving their own goals. The two main hypotheses have their own emphases points, one is 

about the stability of the expected value of scene averages and another one concentrates on 

the points with max values. Furthermore, the corresponding algorithms perform them well 

when applied to the appropriate conditions. The comparison analysis of the two fundamental 

algorithms can lay a foundation for future work in color constancy with image data.  
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