
Chapter 1
Introduction

Abstract. The subject of this book is image fusion which we define as the process
of combining multiple input images into a single composite image. Our aim is to
create from the collection of input images a single output image which contains a
better description of the scene than the one provided by any of the individual in-
put images. The output image should therefore be more useful for human visual
perception or for machine perception. The basic problem of image fusion is one of
determining the best procedure for combining the multiple input images. The view
adopted in this book is that combining multiple images with a priori information
is best handled within a statistical framework. In particular we shall restrict our-
selves to classical and robust statistical approaches, Bayesian methods, sub-space
and wavelet techniques.

1.1 Synergy

The principal motivation for image fusion is to improve the quality of the infor-
mation contained in the output image in a process known as synergy. A study of
existing image fusion techniques and applications shows that image fusion can pro-
vide us with an output image with an improved quality. In this case, the benefits of
image fusion include:

1. Extended range of operation.
2. Extended spatial and temporal coverage.
3. Reduced uncertainty.
4. Increased reliability.
5. Robust system performance.
6. Compact representation of information.

Traditionally, the input images are captured by the same camera at different times
or are captured by different cameras at the same time. However, in the definition of
image fusion we shall also include the case when the input images are derived from
the same “base” image but which have undergone different processing algorithms.
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The following examples illustrate the image fusion synergy process. The first
example deals with input images which are captured by the same camera at different
times. The next example deals with input images captured by different cameras at
the same time, while the third example deals with input images which are derived
from the same base image and which are processed differently.

Example 1.1. Multiple Camera Surveillance Systems [9]. The increasing de-
mand for security by society has led to a growing need for surveillance ac-
tivities in many environments. For example, the surveillance of a wide-area
urban site may be provided by periodically scanning the area with a single
narrow field-of-view camera. The temporal coverage is, however, limited by
the time required for the camera to execute one scan. By using multiple cam-
eras we reduce the mean time between scans and thereby increase the temporal
coverage.

Example 1.2. Multispectral Bilateral Video Fusion [2]. A significant problem
in night vision imagery is that while an infra-red (IR) image provides a bright
and relatively low-noise view of a dark environment, it can be difficult to in-
terpret due to inconsistences with the corresponding visible-spectrum image.
In bilateral fusion we enhance a visible video input using information from
a spatially and temporally registered IR video input. Our goal is to create a
video that appears as if it was imaged only in the visible spectrum and under
more ideal exposure conditions than actually existed.

Example 1.3. Color Image Segmentation [11]. A significant problem in com-
puter vision is the reliable segmentation a base image into meaningful labeled
segments. In ensemble image segmentation we generate an ensemble of color
input images by transforming the base image in different ways. Each input im-
age is separately segmented using a simple segmentation algorithm. By fusing
the multiple segmented images we are able to substantially improve both the
accuracy and the reliability of the segmentation process.

1.2 Image Fusion Process

Fig. 1.1 shows the principal processes in a generic image fusion processing chain
for the case when the output is a single fused image ˜I. The principal processes in
the chain are:
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Fig. 1.1 Shows the generic image fusion processing chain. It consists of four principal
blocks: (1) Multiple Input Images. Multiple images of the external scene are captured by
multiple sensors. (2) Common Representational Format. The input images are transformed
into a common representational format. This involves several processes including: spatial and
temporal alignment, semantic equivalence, radiometric calibration, feature extraction and de-
cision labeling. (3) Fusion. The multiple images in the common representational format are
fused together. The fusion process may be classified into three classes: pixel fusion, feature
fusion and decision fusion. (4) Display. The fused output is processed for display.

Multiple Input Images. The external environment is captured by one or more
image sensors or cameras. Each camera generates one or more input images.

Common Representational Format. The input images are transformed so they
“speak a common language”. This involves several processing including: spatial,
temporal, semantic and radiometric alignment, feature extraction and decision
labeling.

Fusion. After conversion into a common representational format the spatially,
temporally, semantically and radiometrically aligned images, feature maps or de-
cision maps are fused together in the fusion block. The output is a fused image ˜I,
feature map ˜F or decision map ˜D.

Display. The fused image, feature map or decision map is processed for display.
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1.3 Common Representational Block

The principal function in the common representational format block are:

Spatial Alignment. The input images are spatially aligned into the same geo-
metric base. Without a common geometric base any information derived from a
given input image cannot be associated with other spatial information. The accu-
rate spatial alignment of the input images is therefore a necessary condition for
image fusion. Note. After spatial alignment the input images are re-sampled and
if necessary the gray-levels of the input images are interpolated.

Temporal Alignment. The spatially aligned input images are temporally aligned
to a common time. This step is only required if the input images are changing or
evolving in time. In this case the accurate temporal alignment of the input images
is a necessary condition for image fusion.

Feature Extraction. Characteristic features are extracted from the spatially and
temporally aligned input images. The output is one or more feature maps for each
input image [1].

Decision labeling. Pixels in each spatially and temporally aligned input image
or feature map are labeled according to a given criteria. The output is a set of
decision maps.

Semantic Equivalence. In order for the input images, feature maps or decision
maps to be fused together they must refer to the same object or phenomena. The
process of causally linking the different inputs to a common object or phenomena
is known as semantic equivalence.

Radiometric Calibration. The spatially, temporally and semantically aligned in-
put images and feature maps are converted to a common measurement scale. This
process is known as radiometric calibration.

When the input is a set of K multiple image sequences Ik(t),t ∈ [T1,T2],k ∈
{1,2, . . . ,K}, the output is a fused image sequence ˜I(t),t ∈ [T1,T2], feature map
sequence ˜F(t) or decision map sequence ˜D(t). In this case we replace the spatial
alignment and temporal alignment blocks in Fig. 1.1 with a single spatial-temporal
alignment block which performs both functions simultaneously.

Figs. 1.2–1.4 shows the adaption of the generic processing chain to Ex 1.1–1.3.

1.4 Image Fusion Block

In the image fusion block we fuse together the information contained in the multiple
input images after conversion into a common representational format. The common
representational format may take the form of an image I, a feature map F or a
decision map D. Very often we shall not differentiate between I, F and D and in this
case we shall refer to all three as an “image”.

We find it convenient to further divide the fusion algorithms into arithmetic, sub-
space and multi-scale techniques [5].

1 A feature is any distinguishing property or attribute of an image. Examples of features
used in image fusion are: edges, lines, patterns and color.
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Fig. 1.2 Shows the image processing chain for the multiple camera surveillance system dis-
cussed in Ex. 1.1
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Fig. 1.3 Shows the image processing chain for the multispectral bilateral video fusion system
discussed in Ex. 1.2
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Fig. 1.4 Shows the image processing chain for the color image segmentation system dis-
cussed in Ex. 1.3

Pixel Operations. These operations include simple arithmetic operators such as
addition, subtraction, division and multiplication as well as minimum, maximum,
median and rank. It also includes more complicated operators which are defined
by a function or algorithm, such as the expectation-maximization algorithm and
Markov random field.

Sub-Space Methods. The sub-space methods are a collection of statistical tech-
niques which remove the correlation which exists between the input images
Ik,k ∈ {1,2, . . . ,K}. Important sub-space techniques are: principal component
analysis (PCA), independent component analysis (ICA), non-negative matrix
factorization (NMF), canonical correlation analysis (CCA) and linear discrim-
inant analysis (LDA).

Multi-Scale Methods. The multi-scale fusion methods are a collection of tech-
niques in which we transform each input image I(k) into a multi-scale represen-

tation:
(

y(k)
0 ,y(k)

1 , . . . ,y(k)
L

)

.

1.5 Image Fusion Algorithms

For environments which are essentially static and in which the output is a sin-
gle image ˜I we often impose the following requirements [15] on the image fusion
algorithms:

Pattern conservation. The fusion process should preserve all relevant informa-
tion on the input imagery in the composite image.

Artifact free. The fusion scheme should not introduce any artifacts or inconsis-
tencies which would distract the human observer or subsequent image processing
stages.
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Invariance. The fusion scheme should be shift and rotational invariant, i.e. the
fusion result should not depend on the location or orientation of an object in the
input imagery.

For environments which are evolving in time the input is a set of input sequences
Ik(t),t ∈ [T1,T2],k ∈ {1,2, . . . ,K} and the output is a fused image sequence ˜I(t).
In this case, we often impose the following additional requirements on the image
fusion algorithms:

Temporal stability. The fused output should be temporally stable, that is, gray-
level changes in ˜I(t), should be present in at least one of the input sequences
Ik(t).

Temporal consistency. Gray level changes which occur in the input sequences
Ik(t) must be present in the fused sequence ˜I(t).

1.6 Organization

Apart from two preliminary chapters, the book is divided into three parts:

Part I: Theories. This consists of Chapts. 3-7 and deals with the conceptual the-
ories and ideas which underlie image fusion. Here we emphasize the concept of a
common representational framework and include detailed discussions on image
registration, radiometric calibration and semantic equalization.

Part II: Techniques. This consists of Chapts. 8-18 and deals with a wide range
of techniques and algorithms which are in common use in image fusion. Among
the topics considered are: sub-space transformations, multi-resolution analysis,
ensemble learning, bagging, boosting, color spaces, Markov random fields, im-
age similarity measures and the expectation-maximization algorithm. Together
Parts I and II provide the reader with an integrated and comprehensive overview
of image fusion.

Part III: Applications. This consists of Chapts. 19-22 and deals with applica-
tions. In it we examine several real-life image fusion applications. The aim is to
illustrate how the theories and techniques of image fusion are used in practical
situations.

1.7 Software

The following matlab routines and toolboxes are of general utility and are widely
used in image fusion.

IMAGE FUSION TOOLKIT. Image fusion toolbox. Author: Eduardo Fernandez
Canga.

MATIFUS. Matlab toolbox for image fusion. Authors: P. M. de Zeeuw, G. Piella
and H. J. A. M. Heijmans [14].

MATLAB IMAGE PROCESSING TOOLBOX. Matalb image processing tool-
box.

MATLAB WAVELET TOOLBOX. Matlab wavelet toolbox.
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1.8 Further Reading

General overviews on multi-sensor image fusion are [1, 3, 4, 5, 6, 7, 8, 10, 12]. For
an extended discussion regarding the issues involved in defining multi-sensor image
fusion and related terms, see [13, 16].

References

1. Appriou, A., Ayoun, A., Benferhat, S., Bernard, P., Cholvy, L., Cooke, R., Cuppens, F.,
Dubois, D., Fargier, H., Grabisch, M., Kruse, R., Lang, J., Moral, S., Prade, H., Saf-
fiotti, A., Smets, P., Sossai, C.: Fusion: general concepts and characteristics. Int. J. Intell.
Syst. 16, 1107–1134 (2001)

2. Bennett, E.P., Mason, J.L., McMillan, L.: Multispectral bilateral video fusion. IEEE
Trans. Image Process. 16, 1185–1194 (2007)

3. Bloch, I. (ed.): Information Fusion in Signal and Image Processing. Wiley, Chichester
(2008)

4. Fenoy, G.P.: Adaptive wavelets and their applications to image fusion and compression.
PhD thesis University of Amsterdam (2003)

5. Gang, H.: Image fusion, image registration and radiometric normalization for high reso-
lution image processing. PhD thesis, University of New Brunswick, Canada (2007)

6. Hall, D.L., Llinas, J. (eds.): Handbook of Multisensor Data Fusion. CRC Press, Boca
Raton (2001)

7. Hall, D.L., McMullen, S.: Mathematical Techniques in Multisensor Data Fusion, 2nd
edn. Artech House Inc., Norwood (2004)

8. Hyder, A.K., Shahbazian, E., Waltz, E. (eds.): Multisensor Fusion. Kluwer Academic
Publishers, Dordrecht (2002)

9. Jones, G.D., Allsop, R.E., Gilby, J.H.: Bayesian analysis for fusion of data from disparate
imaging systems for surveillance. Image Vis. Comp. 21, 843–849 (2003)

10. Luo, R.C., Yih, C.-C., Su, K.L.: Multisensor fusion and integration: approaches, appli-
cations and future research directions. IEEE Sensors Journal 2, 107–119 (2002)

11. Mignotte, M.: Segmentation by fusion of histogram-based K -means clusters in different
clolor spaces. IEEE Trans. Image Process. 17, 780–787 (2008)

12. Mitchell, H.B.: Multi-Sensor Data Fusion: An Introduction. Springer, Berlin (2007)
13. Oxley, M.E., Thorsen, S.N.: Fusion or integration: what’s the difference? In: Proc. 7th

Int. Conf. Information Fusion, pp. 429–434 (2004)
14. Piella, G.: A general framework for multiresolution image fusion: from pixels to regions.

Inform. Fusion 9, 259–280 (2003)
15. Rockinger, O., Fechner, T.: Pixel-level image fusion. In: Proc. SPIE, vol. 3374, pp. 378–

388 (1998)
16. Wald, L.: Some terms of reference in data fusion. IEEE Trans. Geosci. Remote Sens-

ing 37, 1190–1193 (1999)


	Introduction
	Synergy
	Image Fusion Process
	Common Representational Block
	Image Fusion Block
	Image Fusion Algorithms
	Organization
	Software
	Further Reading
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




