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Abstract

The vignette effect (radial fall-off) is commonly en-
countered in images obtained through certain image
acquisition setups and can seriously hinder automatic
analysis processes. In this paper we present a fast and
efficient method for dealing with vignetting in the con-
text of object segmentation in an existing industrial in-
spection setup. The vignette effect is modelled here as a
circular, non-linear gradient. The method estimates the
gradient parameters and employs them to perform seg-
mentation. Segmentation results on a variety of images
indicate that the presented method is able to success-
fully tackle the vignette effect.

1. Introduction

Machine Vision Systems (MVS) combine various
hardware parts which introduce their own requirements
to the overall design. Suitable illumination and proper
image acquisition hardware are of prime importance
[3], although in the real world trade-offs are often made
in order to keep the overall design cost low. In the sys-
tem we examine here, used for quality control in an in-
dustrial environment, a 4.5 megapixel small factor dig-
ital camera and diffuse dome illumination is employed.
The dome configuration is a standard illumination tech-
nique used to avoid shadows and reflections on surfaces
with low-to-moderate specularity [1]. The experimental
setup is illustrated in Figure 1a.

(a) (b)

Figure 1. (a) Experimental configuration
and (b) sample image.

Images acquired through this setup are indeed free
of shadows and reflexions but generally exhibit a radial
fall-off of intensity from the centre of the image; an ef-
fect known as vignetting (see Figure 1b).

The vignette effect is a common problem in pho-
tography. Vignetting presents problems to a wide va-
riety of applications including image-based rendering,
panoramic image mosaics, radiometric image estima-
tion and vision-based industrial applications [6]. Vari-
ous ad-hoc approaches have been introduced, where se-
quences of images are used to model the vignette effect,
or a-priori knowledge is employed to calibrate the ac-
quisition device. In [7] numerous images of a known
illuminant at different location in the image field are
acquired and a polynomial is fitted to the acquired ir-
radiances. In [5] a simplified model of the vignetting
model is used to calibrate the camera. In [2] a method
for vignette correction in sequences of natural images
is presented which does not require specific calibration
objects or lighting.

In this paper we propose a method to perform seg-
mentation in images which present vignette effect in the
context of an industrial inspection setup. Segmentation
in these images is not a trivial issue: some reasonable
results can be obtained on solid objects using an adapta-
tive thresholding method such as Niblack, but normally
is it hard to get good results on objects which share
the same range of gray levels with the background (e.g.
Figure 1b). Moreover, the parameters of the adaptative
thresholding algorithm have to be tuned to each specific
object. The method presented here does not make use
of any a-priori knowledge or calibration equipment; the
single assumption is that the background is of constant
colour, which is always the case for the apparatus used.
The segmentation method is robust to the vignette effect
and achieves good segmentation results under different
degrees of vignetting. The vignette effect is modelled
here as a circular, non-linear gradient. The method,
through a series of steps, linearises the gradient and esti-
mates its parameters using a Hough transform inspired
technique. The gradient parameters are subsequently
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change” of the linearised intensity I ′ over distance.
Making use of this fact, we can compensate the back-
ground area for the vignette effect (see Figure 5(b)).
Denoting ψ the slope of the background gradient, iden-
tified through the Hough transform of section 3.3, an
easy way to obtain a corrected intensity value for the
background pixels is through Eq. 5 . The corrected in-
tensity I ′C can subsequently de-linearised using Eq. 4
above.

I ′C(d) = I ′(d)− d · tan(ψ) (5)

4. Evaluation

In order to evaluate the proposed method, we used
a dataset of 20 images of six different objects pho-
tographed with the apparatus described. Each image
has been manually segmented to provide the ground-
truth information. The segmentation performance is as-
sessed in terms of three metrics: the percentage of cor-
rectly segmented pixels (object pixels labelled as such),
the percentage of missed pixels (object pixels classified
as background) and false positives (background pixels
classified as object). The above metrics are normalised
based on the size of the objects. The method correctly
segmented 94.8% of the object pixels in the dataset,
while it missed 5.18% and produced 8.51% false pos-
itives. Some examples of the segmentation results are
shown in Figure 6.

A typical segmentation problem is the presence of
object shadows. This should have been compensated by
the use of diffused dome illumination; nevertheless, in
some cases shadows are still visible. In such situations
the assumption of constant background is not valid.

5. Conclusions

In this paper we presented a method for object seg-
mentation in images affected by a vignette effect in the
context of an industrial inspection system. In addition, a
simple compensation for the vignette effect is suggested
to restore the image background. Assuming the back-
ground is of constant color, the vignette effect is mod-
elled by a radial gradient which is linearised in terms
of its intensity change over distance. A Hough trans-
form based technique is used to identify the gradient
parameters in order to segment objects from the back-
ground and to compensate the vignette effect. Evalua-
tion over a number of images show that the presented
method achieve good segmentation results. Difficult
cases such as segmenting small objects with shadows
or objects having a similar colour with the background
are possible to tackle, but necessitate ad-hoc tuning of
the methods parameters.
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Figure 6. Original images and (b) Segmen-
tation results.
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