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Abstract
Computational color constancy or white balancing methods

for digital cameras emulate the ability of the human visual sys-
tem to adapt to different lighting situations and to maintain color
constancy. Global white balancing algorithms have been shown
to give remarkable results for scenes illuminated by one light
source, but proven less adequate for multi-illumination scenes
where multiple light sources are present. Using information from
an additional near-infrared channel can be used to estimate the
white point at every pixel in the image by comparing the pixels’
NRGB values to a multi-dimensional lookup table with precom-
puted NRGB values. This estimated white point can then be
used for white balancing via linearized Bradford transform. The
lookup table requires measurement of multiple reflectance and il-
lumination spectra that are representative for an office environ-
ment. The method performs better than conventional global white
balancing methods.

Introduction
The ability of the human visual system (HVS) to adapt to dif-

ferent lighting situations such that spectrally flat reflectances ap-
pear neutral or “gray”, is often referred to as color constancy [1].

Purves and Lotto explain color constancy as strategy of the
HVS to cope with the inverse problem of retinal images based
on an empirical process, in which “retinal images are linked to
successful behavior by trial and error interactions with the envir-
onment” [2].

Digital cameras on the other hand use so-called color con-
stancy methods that convert images taken under an unknown
lighting condition into images taken under a known standard ca-
nonical light, usually D65 [3].

Global white balancing (WB) methods estimate a global
white point (WP) and apply the same correction to all image
points. The WP estimation can be performed in one of many ex-
isting color spaces, for example camera-RGB, XYZ or LMS color
space [1, 3, 4]. Usually a diagonal 3×3 matrix is computed (f.ex.
a Bradform transform [4]), but it is also possible to apply different
transformations in different areas of the color space in the form of
lookup tables (LUTs).

For multi-illuminant scenes, global white balancing methods
often fail, and other image improvement methods like ACE [5],
STRESS [6] or Retinex [7] and spatial white balancing methods
have been proposed [8–12] including most recent research using
a multi-illuminant random field (MIRF) [8] or empirical obtained
spatial and spectral derivatives that can be used in a Lambertian
image formation model [13]. In most spatial white balancing
methods, the image is generally divided into smaller segments,
on which global white balancing method are used.

The task of obtaining a good spatially dependent white point
estimate is still a critical factor in contemporary imaging systems.
Contemporary illuminants in office settings are typically designed
to make objects appear to have the same color as would be seen
with a natural daylight illumination. Due to energy efficiency re-
quirements, however, the spectral emission of these illuminants is
typically limited to the visible wavelength range. There is thus
very often a large difference in emitted power in the near-infrared
range when comparing artificial with natural light sources. The
sun as well as old incandescent lamp types have a large amount
of the emitted power in the near-infrared, while fluorescent lights
and LEDs hardly have any.

This effect may help us in separating the mixture of the two
types of illuminants in mixed illumination scenarios, in which
mostly fluorescent and daylight light sources are present, which
is very common for office settings. There, fluorescent light has
become one of the most dominant light sources together with
daylight from the outside, whereas incandescent light has began
to disappear from office settings. Since this kind of settings are
widely spread and important in the industry and other commercial
working places, we decided on focusing on illuminant estimation
in those kind of office settings.

As discussed above, the main difference of the spectra
between fluorescent light and natural daylight can be seen in the
emission of radiation in the near-infrared. Consequently, we as-
sume that adding a fourth near-infrared channel will increase the
performance of illuminant estimation in office settings. Fredem-
bach et al. [14] presented an approach to this end that facilitates
white point estimation by including near-infrared data from the
scene, and comparing the average color values in sectors of the
image to a database of previously measured light sources. A sim-
ilar method will be presented in the following paper. For our
method, we assume a scenario, where two main sources a present
in the scene, a fluorescent and daylight light source. These two
light sources are mixed together randomly in every image point.
Consequently, the main task is how to separate the two illumin-
ants in every pixel of the image.

General Methodology
We propose a pixel-wise white point estimation algorithm

using a lookup table (LUT). The LUT is generated from empir-
ical data recorded in the form of material spectral reflectances,
illumination spectra and camera sensitivity curves. The LUT in-
cludes an additional near-infrared channel next to the traditional
red, green and blue response data.

We propose an algorithm that retrieves the white point at
every single pixel of the image in order to compute a diagonal
white balancing matrix for each pixel individually. Likewise, we
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need the XYZ-values of the actual illuminant at each pixel and the
canonical illuminant. It can be shown that these XYZ-values can
be computed from the camera data represented in a vector that
contains a value for near-infrared, red, green and blue (NRGB)
with the help of a NRGB to XYZ calibration matrix determined
by the camera manufacturer.

Mathematically, these NRGB values depend on the ray of
light reaching the sensor from the each point in the scene and can
be calculated by the following formula:

N(x,y)

R(x,y)

G(x,y)

B(x,y)

=
∫

λ C(x,y,λ )QN(x,y,λ )dλ

=
∫

λ C(x,y,λ )QR(x,y,λ )dλ

=
∫

λ C(x,y,λ )QG(x,y,λ )dλ

=
∫

λ C(x,y,λ )QB(x,y,λ )dλ

(1)

In the formula, C(x,y,λ ) =
∫

λ I(x,y,λ )R(x,y,λ )dλ repres-
ents the color stimulus at each pixel, where R(x,y,λ ) are the
reflectance components at each point, and I(x,y,λ ) represents
the spectral distribution of the combination of the light sources.
QN(λ ), QR(λ ),QG(λ ), QB(λ ) are the camera sensor sensitivit-
ies for the red green blue and near-infrared channels.

We assume two main illuminants in the scene, one fluores-
cent and one daylight, of which the individual white points, WP1
and WP2, are known - for example after finding the maximum val-
ued pixels in the image or by any other methods as proposed by
Barnard et al. [1]. The illuminant at each pixel can be computed
from the mixture combination coefficients (k1,k2) as expressed
in the formula I(x,y,λ ) = k1(x,y) · I1(λ )+ k2(x,y) · I2(λ ), where
I1(λ ) indicates the SPD of the current daylight spectrum, I2(λ )
indicates the SPD of the current fluorescent light spectrum. Both
variables are measured in lux. In other words how much intensity
of either one of the light sources are mixed together at each pixel
in the image. (k1,k2) = (0.2,0.3) means that a particular pixel
gets 20% of the full intensity of light source 1 and 30% of the full
intensity of light source 2. It can be shown that the normalized
mixture combination coefficient α = k1

k1+k2
is enough to estim-

ate the correct white point with normalized intensity at a given
pixel (cf. Equation 2). This white point will then be used to com-
pute the diagonal matrix for translating the pixel to canonical D65
lighting.

WP∗
mix(x,y) = α(x,y) ·WP1 +(1−α(x,y)) ·WP2 (2)

Thus the main steps of the proposed method can be summar-
ized as following and visualized as in Figure 1. Firstly, the NRGB
values of the two light sources are determined. Secondly, the
NRGB of the image from the camera are converted into XYZmix
under the mixed illuminant using the camera specific calibration
matrix. Thirdly, for each pixel the method evaluates the respect-
ive NRGB values and estimates the normalized mixture combina-
tion coefficient α = k1

k1+k2
. Fourthly, this α is used to compute

the normalized white point for the respective pixel (cf. Equa-
tion 2). Fifthly, a color adaptation transform (CAT) matrix is
computed using the normalized white point and the linearized
Bradford transform as proposed by Finlayson and Süsstrunk [4].
Eventually, the CAT matrix for each pixel is used to correct the
XYZmix co-ordinates under the the mixed illuminant into correc-
ted XYZD65 under the standardized D65 lighting.

For more details on the proposed method, please read the
master thesis by Simon-Liedtke [15].

Figure 1. The workflow of our proposed method visualized: The NRGB val-

ues at every pixel (x,y) are taken as input plus the XYZ co-ordinates of the

original light sources present in the scene in order to compute the normal-

ized mixture combination coefficients α =
k1

k1+k2
for each pixel in the image.

This will be used to compute the adapted new white point for every pixel,

which serves as starting point for one of the conventional white balancing al-

gorithms like the Bradford transform as in our implementation. The black box

represents the most essential part of the workflow, namely the act of finding

the most accurate mixture coefficient, i.e. the local white point estimation.

Local White Point Estimation
In this section, we present the method that will estimate the

normalized mixture combination coefficient α of the illumination
from a multi-dimensional lookup table with precomputed NRGB
values, precomputed from a representative set of object reflect-
ance and light source spectra, in order to estimate the white point
of the illumination at every pixel. Representative means that the
lookup table spans the range of all possible NRGB values that
can be obtained in a office setting with the respective normalized
mixture combination coefficient as good as possible. Thus, the
method can be divided into three parts: First, the collection of
training data. Secondly, the building of the lookup table with the
optimal NRGB values and normalized mixture combination coef-
ficient α based on the collected training data under different illu-
minants and intensities. And thirdly, the retrieval of values from
the lookup table.

Collection of training data
At first, a set of data is needed to precompute the NRGB val-

ues: The spectral reflectance data of a representative sets of office
materials, a spectral power distribution data base of a representat-
ive set of office light sources and the camera sensitivity curves for
each channel red, green, blue and near-infrared of the camera that
is used.

Building the lookup table
Once the data sets are defined, NRGB values are precom-

puted for each material under different lighting situations for each
pair of daylight-fluorescent light combination.

for all pairs of illuminant I1 and I2 in the database do
for all reflectance spectra Rn in the database do

for k1 = 0 : ε : 1.0 do
for k2 = 0 : ε : 1.0 do

Imix(λ ) = k1 · I1(λ )+ k2 · I2(λ )
(N,R,G,B) = computeNRGB(QN(λ ), . . .
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. . .QR(λ ),QG(λ ),QB(λ ),Rn(λ ), Imix(λ ))
1

α = k1
k1+k2

saveInCodeBook((N,R,G,B,α))
end for

end for
end for

end for
ε indicates how dense the entries will be in the lookup table.

By default this value is set to 0.1.

Retrieval from the lookup table.
Once the lookup table has been created, it can be used within

the white balancing workflow to retrieve the information for the
correct α by finding the closest NRGB entry in the lookup table
for every NRGB value in the image. If the lookup table does not
have the exact NRGB value, the correct alpha can be obtained by
different methods like for example nearest neighbor, averaging
over k-nearest neighbors, interpolation etc.

Implementation and office reflectance data
base

For the evaluation, we collected a set of spectral reflectances
for representative office materials, light sources and a typical cam-
era.

For the office reflectance database, we collected reflectance
spectra of multiple materials that can be found in a normal of-
fice setting in the range of 400nm− 1000nm with an AvaSpec-
ULS2048. We have a total of 1639 samples belonging to one of
five main categories:

• Paints, varnishes & alloys: 1131
• Cloths: 44
• Human skin: 216
• Organic matter: 58
• Wild card / random samples: 190

For the light sources, we measured the spectra of five differ-
ent fluorescent light sources and six daylight spectra, i.e. direct
sunlight and indirect sunlight, with the very same spectrometer
from Avantes.

Eventually, we measured the camera sensitivity for a Basler
acA1300-30gm 1

3 inch monochromatic progressive scan CCD
sensor with the help of a Bentham monochromator TMc300. To
simulate the channels, the overall sensitivity has been multiplied
with the transmittances of blue, green, red and and near-infrared
band-pass filters as provided by Midwest Optical Systems Inc.
with peaks at 470nm, 525nm, 635nm and 785nm.

In the implementation of the code book, we have a total of
7,622,637 entries computed from 5,727 reflectance measurements
(including double, triple, etc. measurements) and 11 light sources.

Testing simulation and discussion
We created a set of 50 test images with an image size of

25× 25 pixel. For each image, one fluorescent light source and

1see Equation 1

one daylight source is chosen by random. For each pixel, one
material is chosen randomly from the office reflectance database
and a combination coefficient has been chosen depending on its
(x,y) co-ordinates simulating illumination from the first gradient
from the upper left corner and illumination from the lower right
corner of the image.

The coefficient for the fluorescent light, k1, depends on the
distance from the top edge, and the coefficient for the daylight,
k2, depends on the distance from the right edge according to the
following formula:

k1(x,y) =
Y − y
2 ·Y

, k2(x,y) =
x

2 ·X
(3)

where Y and X are the dimensions of the image in the x- and y-
axis.

The NRGB values have been computed using the mixture
combination coefficients and the spectra of the material at each
pixel with the help of the previously discussed Equation 1.

The normalized combination coefficients α(x,y) have been
estimated finding the nearest neighbor entry to every NRGB pixel
value in the lookup table and subsequently been used to correct
the color of each pixel using the linear Bradford transform. Nor-
malized means that the alpha lies between zero and one, reflect-
ing only the ratio between the fluorescent and the daylight light
source. If the α was not normalized, it would reflect the real
intensity difference between the two light sources, which is un-
known in this scenario.

Then, the difference between the theoretical reference
XYZD65 co-ordinates has been calculated according to the
CIEDE2000 color difference formula [16] and compared to the
color differences before correction, and color differences after
correction using the average of both white points for a global lin-
ear Bradford transform, as can be seen in Figure 2. One random
example on how the colors look before and after correction can be
seen in the top row of Figure 2. The box plots in the bottom row
below the different versions show the distribution of color differ-
ences between the reference (D65) and the different versions. The
boxes show the location of 50% of CIEDE2000, and the “arms”
show the location of 95% of the CIEDE2000s. It is therefore a
good visualization of the variance of the distribution. The red
dots represent the outliers of the CIEDE2000.

Comparing the results of the color references reveals that
our proposed method has a lower average color difference than
any other tested method, and that 95% of the the samples have
a color difference within or lower than the average than without
correction. Generally, it can be seen that the multi-dimensional
lookup has a lower average and a lower spreading of errors than
the original or the global correction method. Moreover, improve-
ment can be seen visually between the different versions (cf. Fig-
ure 2.c.)). Namely, we can observe somewhat neutral colors in
our proposed method, whereas both the uncorrected version and
the corrected version using the global average WP method have
visible color tints.

The method could be improved by using other methods than
k-nearest neighbour to retrieve the values from the lookup table
like for example interpolation. “Cleaning up” the lookup table
might furthermore improve the performance and reduce the num-
ber of outliers. Also, we consider using the method not pixel-wise
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Figure 2. The images show a virtual test image using spectra from real live materials under simulated fluorescent lighting from the the top left and daylight

lighting from the bottom right. The first image, a.), serves as a reference as how the image should look like after perfect white balancing and confirmation to

D65. The second image, b.), shows the uncorrected version of the image with uncorrected condition under mixed illumination. The third image, c.), shows the

corrected image using our proposed method based on multi dimensional lookup method. And the fourth image, d.) shows the corrected image using a global

white balancing method based on a average white point. It can be seen that our proposed method is visually closest to the reference image. Moreover, the

distribution of the color difference to the reference shows that it has the lowest average CIEDE2000 and the lowest standard deviation of all tested methods.

but rather on segments of the image in order to reduce computa-
tional costs.

It mind be interesting to test whether or not the near-infrared
data is necessary at all or if similar results could be obtained when
only the RGB information is at hand. And more importantly, the
method should be verified on live action images as well.

Conclusion and Perspectives
We proposed a workflow of pixel-wise white balancing

based on the linearized Bradford transform. For the estimation
of the white points, a lookup table is built with the precomputed
camera response values obtained from databases, containing re-
flectance spectra data from typical office materials, the spectral
power distributions of typical office light sources, and the meas-
ured channel sensitivities of a four channel camera with sensitiv-
ities within the red, green, blue and near-infrared. The values are
precomputed for different combinations of the light sources and
the exact mixture combination is stored within the lookup table.
For each pixel of the image, the respective normalized mixture
combination coefficient can be obtained by finding the closest
NRGB entry in the database and using it to compute the white
point at the respective pixel assuming that the white point of the
main light sources are known.

In future work, it will be important to test the algorithm on

live action images, and compare it to other white balancing meth-
ods. Also, using other evaluation methods for assessing color im-
age quality like psychometric experiments should be considered.
Methods to obtain NRGB data have been proposed for example
by Fredembach and Süsstrunk [17, 18].
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