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Abstract—Vignetting is an effect caused by camera settings
or lens limitations. It is also known as the ”light fall-of”
where the intensity of light decreases from the middle to the
edges. Vignetting has become popular in various scientific
papers where attempts are made to remove vignetting by
various methods. The idea of this article would be to design a
synthetic image of the vignetting effect that would mimic the
starry night sky. It would be made by adding random white
pixels to a previously set positive constant value modeling the
sky glow, also adding Gaussian or Poison noise after applying
vignetting effect itself with an arbitrarily chosen center point.
Parameters of the vignetting module can be set manually
defining the ground truth module, thus modeling the actual
multispectral lens response functions. Such an image could be
used as ground truth for vignetting modeling and estimation
functions to evaluate different methods and their accuracy
as a function of signal to noise (SNR) ratio and noise type.
The image is tested on two vignetting correction functions,
both functions show great results, only the first has larger
residual gain variations, especially toward the frame corners.
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I. INTRODUCTION

Vignetting, also known as ”light fall-off”, is a phenomenon of brightness attenuation away from the image
center. It is an effect caused by camera settings or lens
limitations, also it happens mostly due to the effective size
of the aperture limit, resulting in a gradual fading of the
image at points near the periphery. Vignetting also can be
caused by shortening the light beams at oblique angles to
the optical axis.
This effect doesn’t bother the average human eye but is
undesirable in image processing and analysis in computer
vision algorithms that require and rely on accurate intensity data to analyze the scene as accurately as possible,
and it should be corrected. There are many methods for
vignetting correction, some are commercial which store
the collected data and perform ready-made corrections
within the camera, and noncommercial methods. Such
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methods can be single image vignetting corrections or
corrections with multiple images merged. Most common
methods assume radial characteristics of vignetting [1]
[2]. Light fall-off is most often displayed and modeled as
radially symmetrical around the optical center point, thus
the center point should be known. Most of the techniques
assume that the optical center is at the center of the image,
but in practice, it can be slightly shifted from the center
of the image [3]. In that case for accurate removal of
vignetting effect, the actual center should be known or
somehow estimated from the image [4]. Also, there are
cases of non-radial vignetting of camera lens systems, such
an approach leads to insufficient correction [5].
Vignetting correction can be done post-imaging with
professional software packages that integrate various tools
for vignetting correction. The degree of vignetting depends
on the aperture, lens characteristics, and exposure. Because
of its characteristics, it is not an invariable effect and is
difficult to correct automatically and its correction settings
may have to be visually assessed for each image [6]. In
this paper, we describe the evaluation of vignetting model
by designing a synthetic image of the vignetting effect
that would mimic the actual image of the starry night sky.
The ultimate goal is to design an algorithm for precise
estimation of the actual vignetting model of an unknown
lens from a single image of the night sky. The assumption
is that the atmospheric sky glow caused by light pollution creates homogeneous light sources with almost flat
illumination, which is usually very hard to achieve in a
laboratory setup with artificially illuminated screens. There
exist several commercial companies that evaluate lenses,
and test them in detail to identify and quantify various
problems that occur due to the physical characteristics of
the lens. That kind of research is expensive and often
tedious, so the proposed method is a good replacement
because it is fast and cheap and it can identify any form
of vignetting regardless of the lens type directly from a
single image.
II. RELATED WORKS
Companies such as Imaging Resource and DxOMark
perform lens reviews by testing in labs and real-world
shooting. DxOMark’s commercial facility DxO labs measures and analyzes interchangeable lenses and camera
bodies for raw-based image quality factors: resolution,
transmission, distortion, vignetting, and chromatic aber-
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ration. They have developed state-of-the-art testing facilities to ensure that measurements are accurate, reliable,
repeatable, and cover the desired range of image quality
parameters. They ensure that all cameras and lenses have
the same test conditions. To be able to test, they need a laboratory that contains test targets for cameras, light boxes,
lighting systems, light meters, spectrometers, telemeters,
etc. To measure vignetting they use a white background
with a black dot chart. To increase the accuracy of the
vignetting measurement, calibrated camera-lens combinations are used to characterize the actual illumination
uniformity of the chart. The light temperature is set to
correspond to daylight. Only the widest possible aperture
is usually taken into account [7].
Other than commercial vignetting correction, there are
methods based on single-image vignetting correction and
correction with multiple images. Some of the algorithms
require specific information about an optical system or the
vignette model, while on the other hand, some algorithms
do not require this information to correct the vignetting.
Later model-based methods usually require that specific
information about the optical system or vignetting model is
known and that the function of the vignette and the actual
center of the image is estimated. The shape of vignetting
can be affected by various unknown parameters of the lens
and aperture making it impossible to model vignetting for
the most general case. Also, the vignetting function can
become difficult to observe because the off-center axis and
the tilt of the camera can make vignetting irregular and
asymmetrical [8].
Single image vignetting correction methods use only
the information available in a single arbitrary image. One
of the methods is single-image vignetting correction with
radial gradient and the semicircular tangential gradient
where the optical center is precisely determined from a single input image. It is not a segmentation-based approach,
and thus it is faster [4]. An algorithm for a single-sky
image that is taken by a large-aperture optical system for
robustly determining the vignetting function is designed to
determine the vignetting function, ie its distortion without
knowing the parameters or model of the optical system
because the large aperture optical system is difficult to
model [8]. Also, our method is motivated by the concept
of using the night sky image as a sample to identify and
calibrate the unknown lens vignetting model. The antivignetting method is concerned with the estimation of a
correction factor at each pixel position. In such a method
there are two cases, the first is based on wavelet denoising
with decimation, and the other employs approximation to
the distribution of correction factors by using 2-D hypercosine function [9]. Kang and Weiss showed that is possible
to calibrate the camera using constant illumination on a
flat textureless surface by estimating the vignette function
based on the model information [10].
The developed synthetic model of vignetting effect will
be used for objective validation of various algorithms
based on estimating models from one image, including
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our algorithm which we are still developing, so alternative
methods that use more than one image instead will not be
discussed in detail, although they have clear advantages
in certain applications where the multiplicity of imaging
of slightly shifted frames is a natural consequence of the
application itself.
III. PROPOSED METHOD
This article is focused on the method of creating a
synthetic image of the night sky for vignetting correction
and estimation. It starts from the dark background, to
which a constant value is added to mimic a constant sky
glow. On the dark background, randomly arranged white
pixels are added that are representing the stars. Then the
vignetting effect is applied to the constructed image, and
vignetting shape can be different (arbitrary). In the end, the
noise is added, which is always present in the photographs,
to make the picture as credible as possible to the real raw
(linear) digital image. The equation is given in 1 where
I represents the final picture, I’ picture of constant value
with random white pixels, V is a vignette, and  is the
noise.
I = I0 · V + 

(1)

The obtained image will be tested through ready-made
functions for vignetting correction and to check their
correctness. The relative error, maximum and minimum
values of deviations between the estimated and given
model will be calculated and shown in figures. The dimensions of the created image are chosen as modest 300x400
pixels, to facilitate the presentation of results, but any
resolution can be used.
A. Types of vignetting
There are four types of vignetting characteristics for any
optical system: mechanical vignetting, optical vignetting,
natural vignetting, and pixel vignetting.
Mechanical vignetting is a type where complete blackening can occur. It appears when external objects such
as thick or stacked filters, secondary lenses, and improper
lens hoods partially block light rays emanating from offaxis object points. The rate of the fall of light intensity
depends on the lens aperture. The smaller the aperture
setting on the camera, the worse mechanical vignetting
gets. Aperture reduction will help to reduce this type of
vignetting.
Optical vignetting is caused by the physical dimensions
of several parts of the lens. The rear elements are shaded
by the elements in front of them, so the effective opening
of the lens for incident light off-axis is reduced. As a
result, there is a gradual decrease in light intensity towards
the edges of the image. This type of vignette is sensitive
to aperture and can be completely prevented by stopping
the lens (reducing the aperture), usually by two or three
stops.
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Natural vignetting is not the result of the blocking of
light rays. The illumination falloff is approximated by the
cosine fourth law and is proportional to the fourth power
of the cosine of the angle at which the light drops on the
film or sensor array. Unlike optical vignetting, it cannot
be compensated by stopping down the lens. But it can be
compensated with a gradual gray filter or postprocessing
techniques.
Pixel vignetting occurs only in digital systems and is
caused by the angle dependence of the digital sensors. It
is caused by the fact, that light falling on a sensor at a
right angle produces a stronger signal than light hitting
it at an oblique angle. This type can be reduced by using
microlens over the sensor. Most cameras, when converting
raw sensor data into standard image formats such as JPEG,
use built-in image processing to compensate for optical
and pixel vignetting [11], [6] , [12], [13].
The method in this article tries to jointly cover all
the effects of vignetting through a simple parametric
model. Such a method requires a small number of input
parameters and ensures the smoothness of the vignetting
model, which is consistent with the properties of the actual
vignetting response. This makes it easy and quick to use.
B. Shapes of vignetting
The appearance of vignetting depends on the position
of the lens and its closure, so there may be different forms
of attenuation of light intensity towards the edges. Those
covered in this article are radial with the center in the
image center, radial shape with the shifted center, nonrotated elliptical shape, and rotated elliptical shape.

V = f (R0 )

(2)

R0 =

R
· k(θ)
maxR
(3)

The vignetting equation is given in 2 which represents the generalized radial model from which we start.
In the equation, the f is desired vignetting function of
normalized radius R’ which is given in 3. More precisely,
R
the actual normalized radius maxR
is multiplied by an
angle-dependent factor k(θ), which can be used to model
vignetting that is not necessarily radially symmetric. For
radially symmetric vignetting, k(θ) will be a constant,
and thus vignetting becomes a simple function of the
normalized radius multiplied by a constant term k. The
higher the factor, the faster the function decreases towards
the edge of the frame, the same as when the aperture of
the actual lens increases.
R2 = (x − x0 )2 + (y − y0 )2
k(θ) = φ ·

p

1 − (e · cos(θ − θ0 ))2

(4)
(5)

The equation for k(θ) can be given as a generalized
model that can cover both, radial and elliptic models in 5.
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This factor k depends on a constant φ which is determined
by the dimension of the sensor and the focal length of
the lens, on factor e which represents eccentricity which
depends on the major (a) and minor (b) semi-axis whose
equation is given in 6, on θ which is the angle of each pixel
position relative to the shifted origin (x0,y0) and finally on
θ0 which represents a rotation of the elliptical model (ie
angle of the major semi-axis relative to the x-axis passing
through the shifted origin). This rotation angle θ0 can take
unique values from - π2 to π2 due to the symmetry of the
ellipse.
r
e=

1−

a2
(6)
b2

V = cos(R0 )4 (7)

In our experiments in which we used a constant factor
k(θ) for the radially symmetric vignetting model (e=0),
the chosen value for the constant was k= φ = π/4. This
corresponds to the case of natural vignetting when the
lens focus is equal to half the diagonal of the sensor (eg
21,6 mm for the full-frame sensor 24x36 mm). For this
case, the intensity of the farthest pixel at the corners of
the sensor will be equal to a quarter of the intensity of
the center pixel. This constant φ can be adjusted to model
the natural vignetting response of the actual lens for its
object field of view width (90 deg for the same example).
Of course, such natural vignetting for long focal length
lenses is negligible, while the dominant source becomes
the optical vignetting for wide apertures.
As a special case, which will also be used in our
experiments for illustration purposes, the commonly used
natural vignetting function f(R’) is chosen, that is simply
the fourth power of the cosine of scaled normalized pixel
radius according to equation 7 [14].

Fig. 1: Centered radial model
The best known and most common form of vignetting
is the radial model, which can be centered in the center
of the image or slightly shifted, depending on the settings
and positions of the camera lens with which we take a
photo. For the radial vignetting e is equal to zero because
a is equal to b. Thus, the equation for central vignetting
is simply defined by the equation of the circle given in 4
where x0 and y0 are equal to zero since the frame origin
(center of the image) coincides with the origin of the radial
vignetting model as shown in Fig1.
For the shifted model, x0 and y0 assume a non-zero
value as the new center of the vignetting function relative
to the image origin shown in Fig2. The reason for such
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IV. EXPERIMENTS AND RESULTS

Fig. 2: Shifted radial model

a shift is the non-ideality of the lens and mechanical
misalignment of the sensor origin relative to the optical
axis. Mechanical imperfections can cause such shifting.
For the elliptical vignetting model a and b are not
the same value, and thus eccentricity e is not zero. Two
examples are shown in Fig 3 and Fig 4., both with ab = 2.
The former without rotation of the major semi-axis θ0 =
0 centered and the frame origin, and the later with rotated
ellipse, θ0 = π6 with shifted origin to (x0 ,y0 )= (20,30).

Fig. 3: Centered elliptic model

Fig. 4: Rotated and shifted elliptic model

C. Noise in images
Noise in the image is a random variation of brightness,
it is an undesirable phenomenon that obscures the desired
information from the captured image. It can range from
almost imperceptibly smudges in a photo taken in good
lighting, to images that are almost completely noisy and
can produce a small amount of useful information. Since
noise occurs in almost every photograph, it might easily
affect the estimation of the vignetting model, and therefore
in our image synthesis, the Gaussian or Poison noise will
be added to the clean image to mimic this process.
Night sky images are usually taken with long exposure
and sometimes with high ISO settings of the camera,
which makes the noise issue even more important. Due
to noise, it is more difficult to recognize a given form of
vignetting and estimate it. Therefore, deviations between
the estimated and the actual model often occur, especially
in the case when the sensor response to sky glow intensity
is comparable magnitude to the added noise.
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The synthetic image was created for two different
models based on the assumption of a radial vignette model
whose center may be in the center of the photograph or
slightly shifted. Only images with the radial vignetting
model were used (centered and shifted) because none of
the two used functions is currently adapted to estimate and
correct different shapes of the vignette.

Fig. 5: Synthetic image of the night sky with centered
radial vignetting effect
One of the functions for estimating vignetting is based
on the article [1]. This function was chosen because it was
found ready-made and published online so that the image
could be readily tested. In the function, they look for parts
of the image where vignetting can be distinguished from
other sources of intensity variation. The algorithm is based
on iterative segmentation, estimation of vignetting parameters, and image correction in each iteration assuming that
each iteration improves accuracy. The second function is
of our own design and is still in process of development so
at this point we cannot disclose detailed information about
it, but we also use this method to identify and compensate
for the vignetting of the synthetic image being analyzed.
To validate the effectiveness of estimation, the reciprocal estimated model was applied to the given vignetting
used for the synthetic image construction. In an ideal case,
the result should be a flat surface, and deviations from
this flat surface can be used as a measure of estimation
accuracy. The residual surface was normalized to the unit
median, and residual gain deviations were determined.
Relative gain errors of the compensated model are shown
in all figures.

Fig. 6: The residual deviation of compensated vignetting
for the method in [1] for the centered model
Figures 6 and 8 show results of synthetic image vignetting correction for both methods for the case of a
vignetting center that matches the image center (0,0). All
results (except Fig 10) are shown for the case of Poison
noise corruption applied to synthetic images with an SNR
level of around 50 dB. Analogously, figures 7 and 9 show
the deviation surface between the estimated and given
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Fig. 7: The residual deviation of compensated vignetting
for the method in [1] for the shifted model

model for the shifted center of vignetting model to the
position (5,10).
Figure 6 shows the results of the deviation between
the given and the estimated model for the first function.
Deviations of the corrected surface are larger towards the
frame edges. The maximum negative deviation is -5.8%
of the unit value, while the maximum positive deviation
reaches 12.4% in the image corners. The same algorithm
was applied to the shifted vignetting model, with residual
deviations shown in Fig 7. The maximum negative and
positive deviations are -5,4% and + 12,1% respectively,
which is comparable to the first centered case.
Results of vignetting estimation and correction using
our method are shown in figures 8 and 9 for the centered
and shifted case. Residual surfaces are almost ideally
flat with significant deviations only in the very image
corners. For the centered model, a maximum positive
gain deviation is 6.5% and is almost identical in all four
corners, while for the shifted model, a maximum positive
deviation of 8.1% occurs in one of the four corners.

Fig. 10: The results of the deviation of our function for
the centered circle, SNR = 5.98dB

Fig. 11: The binary matrix of the deviation of our
function for the centered circle, SNR = 5.98dB
estimate of gain error STD σ is 0.425%. The maximum
positive gain deviations of outliers are +5.9% again in the
frame corners.
SNR[dB]

min-dev %

max-dev %

std %

valid pixels %

50
40
20
5

5.1
5
5,9
7.5

11.1
11.1
11.2
11.5

2.28
2.42
2.83
4.78

75.7
76.5
73.3
56.9

TABLE I: Parameters for Gaussian noise of centered
radial model f1
SNR[dB]

min-dev %

max-dev %

std %

valid pixels %

50
40
20
5

5
5.2
5.9
6.6

11.1
11.1
11.3
11.6

2.23
2.24
2.76
4.24

75
75.6
75.4
69.8

TABLE II: Parameters for Poison noise of centered
radial model f1
Fig. 8: The surface of our function for the centered circle

SNR[dB]

min-dev %

max-dev %

std %

valid pixels %

50
40
20
5

5.1
5.2
5.4
7.8

11.4
11.3
11.3
12

2.42
2.43
2.83
3.76

77.6
77.9
75
41.9

TABLE III: Parameters for Gaussian noise of shifted
radial model f1

Fig. 9: The surface of our function for the shifted circle
Figures 10 and 11 show the residual surface and binary
gain-outlier mask when SNR is only 5.98 dB for the case
of the centered vignetting model. It is noticeable that when
the noise is stronger, there are deviations not only on the
edges but also in the middle. Outlier mask displays as
white dots those pixels whose gain error deviate by more
than +/-3σ from the unit value. In this case, the robust
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SNR[dB]

min-dev %

max-dev %

std %

valid pixels %

50
40
20
5

5.4
5.6
5.4
6.9

11.1
11.3
11.4
11.8

2.31
2.46
2.73
3.54

80
79.2
75.3
70.8

TABLE IV: Parameters for Poison noise of shifted radial
model f1
Tables I to VIII show the maximum negative and
positive gain deviations, robust estimates of gain error
standard deviations, and percentages of correctly compensated pixels (i.e. those within the +/-3 σ) for different SNR
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SNR[dB]

min-dev %

max-dev %

std %

valid pixels %

50
40
20
5

0
0
0
0

6.6
6.4
6.5
8.1

0.195
0.195
0.20
0.274

99.8
99.8
99.8
98.7

TABLE V: Parameters for Gaussian noise of centered
radial model f2
SNR[dB]

min-dev %

max-dev %

std %

valid pixels %

50
40
20
5

0
0
0
0

6.5
6.8
7,5
6,4

0.194
0.197
0.208
0.269

99.8
99.8
99.8
99.1

TABLE VI: Parameters for Poison noise of centered
radial model f2
SNR[dB]

min-dev %

max-dev %

std %

valid pixels %

50
40
20
5

0
0
0
0

9.1
8.4
8.7
15.6

0.155
0.141
0.204
0.287

99.9
99.8
99.9
99.7

TABLE VII: Parameters for Gaussian noise of shifted
radial model f2
SNR[dB]

min-dev %

max-dev %

std %

valid pixels %

50
40
20
5

0
0
0
0

8.1
8.4
8.8
11.5

0.143
0.150
0.176
0.288

99.9
99.9
99.9
99.7

TABLE VIII: Parameters for Poison noise of shifted
radial model f2

levels of Poison and Gaussian noise for both methods.
The first four tables are for the method in [1], while the
remaining four comprise the results of our method for the
same set of synthetic images. Ideally, the STD of gain error
should be as low as possible, while the percentage of valid
pixels should be as high as possible. Both methods exhibit
relatively high robustness to the noise, and the objective
correction performance is similar for the wide range of
noise levels from 50 to 20 dB. With SNR of only 5 dB, the
STD of gain error increases, but not drastically. Clearly,
our method outperforms the method from [1] significantly,
regarding the gain error STD as well as outlier percentage.
The STD is by more than an order of magnitude lower,
while the percentage of outliers is in the order of 0.1%
to 0.2% of pixels, while the percentage of outliers for the
method form [1] is in the range from 25 to 30%.
V. C ONCLUSION
This paper describes the method for creating a synthetic
image that mimics the starry night sky by modeling the
different types of vignetting. With such an image, the
functions for vignetting estimation and compensation can
be objectively tested because the applied vignetting model
is known (specified). The synthetic image incorporates
typical forms of noise, to check for the robustness of
vignetting compensation to the effects of high-level noise.
The developed synthesis method was used to objectively
compare two examples of vignetting correction functions
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and the results are presented. The objective performance
was evaluated using a robust STD estimate of residual
gain variations and by a percentage of gain outliers. It
could be seen that the first function known from the
literature works well for both centered and shifted radial
vignetting for images with SNR of 20dB or better, but has
relatively large residual gain variations, especially toward
the frame corners. The second tested function is of our
own design and for now, it works almost ideally on the
central and shifted radial model. The function itself is still
in the process of testing and adapting to different types of
vignetting which will be the focus of our future research.
The function will also be adapted for more complicated
forms of vignetting. Such an image serves as ground
truth for further research and testing of existing and novel
vignetting correction functions.
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