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In automated visual inspection, the evaluation of only one image is often not sufficient to 
obtain the desired information on a scene. Shortcomings originated from the image acquisi-
tion are caused by the projection of the world, the sampling and the quantization in spatial 
and temporal dimensions. In consequence, image acquisition is always a non-injective 
mapping.  However, by acquiring image series where at least one acquisition parameter has 
been varied systematically, many relevant properties of the scene can be transferred into 
features that are in some way conserved in the image series. In this context, image fusion is 
the technique of gaining useful information about the scene by means of a sophisticated 
processing of an image series. That way, information can be gained that is not directly con-
ceivable in a single image. 

Introduction 

Image fusion can be defined as the combination 
of images (input information) with the aim to 
obtain new or more precise knowledge (output 
information) about the scene. Depending on the 
inspection task to be addressed, the output 
quantities can be images, features, or symbolic 
information such as decisions.  

In automated visual inspection, the ultimate 
aims in most cases are to gain geometrical in-
formation (e.g. length, width, or position of an 
object), to characterize the surface (e.g. reflec-
tance properties, roughness), or to obtain a vol-
ume property of an object (e.g. material classi-
fication, the degree of transparency). This in-
formation can then be used for a defect detec-
tion and classification. However, many relevant 
properties cannot be determined visually by 
evaluating just one image. Instead, the informa-
tion of interest can often be captured in an im-
age series for which the imaging setup has been 
properly designed. The task of image fusion is 
then to extract the desired information from the 
image series. 

Characteristics of imaging sensors 

The process of acquiring an image can be di-
vided into several stages: the light emitted from 

the scene is projected onto an imaging sensor 
by means of an optical setup (usually the lens). 
The imaging sensor then converts this optical 
signal into a digitized image. 

This processing chain involves a reduction of 
information, which generally causes the map-
ping of the scene to be non-invertible, with the 
following aspects: 

• Images have a finite support, i.e. they are 
spatially limited. 

• The image acquisition is a projection in 
many respects: The three-dimensional scene 
is projected onto a two-dimensional imag-
ing plane. The infinite-dimensional space of 
wavelengths is projected onto one spectral 
dimension (gray-value images) or three 
spectral dimensions (RGB images). The ex-
posure also corresponds to a projection in 
the temporal dimension. 

• The irradiance E(x, y, t) obtained by the im-
aging sensor is spatially and temporally in-
tegrated, sampled, and quantized, thus re-
sulting in the digital image. In terms of sys-
tem theory, the irradiance E is convolved 
with the aperture function of the pixels and 
sampled with the pixel spacing. Analo-
gously, the exposure can be interpreted as a 
convolution of the irradiance E with a tem-
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poral exposure function and a sampling 
with the refresh rate. 

Due to the optical projection of the three-
dimensional scene onto the two-dimensional 
image plane, the dimensions of the taken im-
ages always have the same physical meaning. 
Therefore, imaging sensors provide commensu-
rable data. 

If the sensors capture identical or comparable 
physical quantities of the scene, the sensors are 
called homogeneous. This is an important fea-
ture for practical reasons: after the images have 
been registered, the data of multiple images can 
be processed together mostly without a com-
plex preparation, e.g. in a data fusion. 

In automated visual inspection, images are of-
ten recorded by a single imaging sensor that has 
been used several times with at least one vary-
ing acquisition parameter. Since in reality, the 
images are taken with the same physical sensor, 
the sensors of the images in the series are called 
virtual. 

If the imaging sensor positions, orientations, 
and its optical properties are kept constant over 
the series, the sensors are called collocated. In 
consequence, the reproduction scale remains 
unchanged, and the images show identical areas 
of the scene. Collocated sensors are often real-
ized as virtual sensors. 

Information content of image series 

Image series can be interpreted as multidimen-
sional data object, where the two spatial dimen-
sions are supplemented with additional dimen-
sions representing the varied parameters of il-
lumination and observation [1]. The parameters 
of illumination include the relative position and 
orientation of the light source, its spectrum and 
polarization state, and in case that an inhomo-
geneous lighting is applied, the temporal and 
spatial distribution of the irradiance. The pa-
rameters of observation comprise the position 
and orientation of the sensor (i.e. the positions 
and orientations of the optical axis and of the 
image plane), the spectral sensitivity, the sensi-
tivity with respect to the polarization state of 
the incoming radiation, the aperture and focus 

settings of the optical system together with 
some intrinsic camera parameters (see e.g. [2]). 

In order to identify a suitable method for fusing 
an image series, it is important to distinguish 
the types of relations that may exist between 
the information in the images of the series: 

• Redundant information: If the useful infor-
mation is contained in all images of the se-
ries, a concurrent fusion may be expedient, 
where all images contribute in the same 
way to the fusion result. (Example: noise 
reduction by image accumulation) 

• Complementary information: In cases when 
the useful information for a local area of the 
scene is concentrated on few images of the 
series, a complementary fusion is appropri-
ate. (Examples: synthetically enhanced 
depth of field by fusing a focus series [3] 
(see the example below), synthetically en-
hanced contrast by fusing an illumination 
series [4]) 

• Distributed information: This is the case if 
the useful information is distributed over 
the series such that basically only the 
evaluation of all images allows a statement 
on the properties of interest. (Examples: 
distance maps from fusing stereo images 
[5,6] or from fusing images with varied il-
lumination [7], surface inspection where 
significant features can only be obtained 
from the entire series [8,9]) 

• Orthogonal information: In this case, the 
images to be fused contain information on 
disjunctive properties of the scene. (Exam-
ple: depth information from a laser scanner 
and reflectance from a visual image) 

Abstraction levels for image fusion 

The fusion of an image series can take place on 
different abstraction levels (Fig. 1): 

• Within a data-level fusion (pixel-level fu-
sion), the combination takes place at the 
level of the image data, i.e. the gray or RGB 
values. The precondition of a data fusion is 
that the images have been recorded with 
homogeneous sensors. 
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• For a feature-level fusion, features must 
have been extracted from the image series. 
These features may be generated from sin-
gle images (e.g. local texture features) or by 
simultaneous evaluation of the entire series. 
While the latter case requires homogeneous 
sensors, sensors producing comparable fea-
tures are sufficient in the former case. 

• In a symbol-level fusion (decision-level fu-
sion), symbolic information (e.g. classifica-
tion results from single images) are com-
bined to the fusion result. Inhomogeneous 
sensors are admissible, if their symbolic re-
sults are connectable. 

 
Fig. 1. Abstraction levels of image fusion [3]. Image se-
ries are indicated with continuous lines, single images or 
other information are indicated with dotted lines. 

During a fusion on a lower or moderate level, it 
may be reasonable to use information of a 
higher abstraction level. E.g. for a data-level 
fusion, the evaluation of feature information 
may lead to the desired result. 

Concerning the development effort for image 
fusion, a specific fusion task is often easier to 
implement on a higher abstraction level in com-
parison to lower abstraction levels, since stan-
dard algorithms can be used to process the in-
dividual images of the series. However, the 
quality of the fusion result obtained on a lower 
abstraction level is mostly superior to the re-
sults from higher abstraction levels. This can be 
traced back to the modification and potential 
reduction of the information during the process-
ing and evaluation of single images. 

General processing scheme 

Most fusion approaches in automated visual 
inspection can be reduced to a general process-
ing scheme for image fusion (Fig. 2) [10]. 

 
Fig. 2. General scheme for image fusion [10]. 

Starting from the recorded images series, the 
first step is to transform the series into a signal 
on an abstraction level where the actual combi-
nation of information will take place. The aim 
of the transformation step is to convert the use-
ful information in the image series into signifi-
cant descriptors. Depending on the operators 
used during the transformation, the descriptors 
may belong to different domains such as the 
space domain, frequency domain, parameter 
domain, parameter frequency domain etc. 
Common operators for the transformation are 
geometrical, intensity or Fourier transforms, 
principal component analysis, cross-correlation, 
or local operators to extract image features. 

The second step aims to select the useful in-
formation from the transformed image series. 
During this optimization process, a fusion crite-
rion is used to assess and combine the descrip-
tors obtained by the input transformation. Pre-
vious knowledge and known constraints must 
be included to ensure a consistent result. Com-
mon methods for the optimization step com-
prise linear and nonlinear operators, energy 
minimization methods, Bayesian statistics, and 
many other methods used in pattern classifica-
tion. 

In the last step, the optimization result is used 
as a construction plan for building the fusion 
result in the desired form on the desired ab-
straction level. Depending on the domain in 
which the descriptors exist and the optimization 
has taken place, a transformation back into the 
original space domain may be required. Such 
an output transformation may also be a trivial 
identity, e.g. in the case of depth maps that are 
obtained from fusing stereo series. 

Example: Fusion of focus series 

An example will clarify the concept shown 
above: from a firing pin print, an image with 
synthetically enhanced depth of field and a 
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depth map are desired (Fig. 3). As data basis, a 
focus series is taken, in which the depth of field 
is not large enough to cover the whole print, but 
each object location is depicted in focus in at 
least one image. Since the focus of an image 
can be assessed based on the local contrast, the 
input transformation is the calculation of a 
measure of the local contrast. In the optimiza-
tion step, the image with the highest local con-
trast is determined for each object location. The 
previous knowledge used is that the depth val-
ues vary smoothly on the object surface. The 
optimization result itself is the desired depth 
map. The desired image with synthetically en-
hanced depth of field is obtained by means of 
the output transform, which in this case is the 
interpretation of the depth map as a lookup ta-
ble: each depth value corresponds to a certain 
image in the original series. 

Conclusion 

Image fusion offers a powerful way to obtain 
desired information from a scene by using im-
age series. The main precondition is to find an 
imaging setup with at least one varied acquisi-
tion parameter – illumination or observation 
parameter – such that the image series contains 
the useful information in the form of redundant, 
complementary, distributed, or orthogonal in-
formation. Once the image series has been ac-
quired, the fusion process can reduced to a stan-
dard scheme, consisting of an input transforma-
tion, an optimization, and an output transforma-
tion. 
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Fig. 3. Fusion of a focus series: left: original images; middle left: local contrast (lighter areas have higher contrast); middle 
right: depth map (darker areas are farther away than lighter areas); right: synthetic image with enhanced depth of field. 


