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Fusion of Images

Description of a Problem

• Ideal image u – intensity function of two variables,
• C1, . . . ,CK – acquired channels,
• Ci(x , y) = Di(u(x , y)) + ni(x , y) – image acquisition

model where
• Di – unknown operator describing the image

degradations,
• ni – additive random noise.

Main Purpose of Image Fusion

To obtain an image û which is as a “good estimate” of u and
represents an original scene better than each individual
channel.
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Multichannel acquisition
model

Since imaging sensors and other devices have their physical limits and observational conditions use
to be imperfect, the acquired image represents only a degraded version of the original scene. Two main
categories of degradations are recognized: color (or brightness) degradations and geometric ones. The
former degradations are caused by such factors as wrong focus, motion of the scene, media turbulence,
noise, and limited spatial and spectral resolution of the sensor; they usually result in a blurring of
the image. The latter degradations originate from the fact that each image is a 2-D projection of 3-D
world. They cause deformations of object shapes and other spatial distortions of the image.

noise

channel N

channel 2
channel 1

+

acquired imagesoriginal image

+

+

degradation

Figure 1: Multichannel acquisition model: The original scene is captured by N different channels
which are subject to various degradations.

Individual channels are supposed to be degraded in different ways because of differences in acqui-
sition parameters and imaging conditions (see Fig. 1 for multichannel acquisition scheme). There are
many sources of corruption and distortion that we have to cope with. Light rays (or other types of
electromagnetic waves) reflected by objects on the scene travel to measuring sensors through a trans-
port medium, e.g., the atmosphere. Inevitably, each transport medium modifies the signal in some
way. The imaging system is thus subject to blurring due to the rapidly changing index of refraction of
the medium, the finite broadcast bandwidth and/or the object motion. The source of corruption and
its characteristics are often difficult to predict. In addition, the signal is corrupted inside a focusing
set after reaching the sensor. This degradation is inherent to the system and cannot be bypassed,
but it can often be measured and accounted for; typical examples are all sorts of lens imperfections.
Finally, the signal must be stored on photographic material or first digitized with CCD’s and then
stored. In both cases the recording exhibits a number of degradations. Digital imaging systems suffer
from low resolution and low sensitivity to the input signal, which are imposed by a finite number of
intensity levels and a finite storage capacity. In analog systems, resolution artifacts are caused by
the limited size of photographic material grain. Random noise is another crucial factor that severely
affects the quality of image acquisition. In all real applications, measurements are degraded by noise.
By utilizing suitable measuring techniques and appropriate devices, it can be considerably diminished
but unfortunately never cancelled.

Analysis and interpretation of degraded images is the key problem in real applications, because
the degradations are in principle inevitable. Very promising approach to image quality enhancement
is to fuse several channels with different degradations together in order to extract as much useful
information as possible.
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Piecewise Ideal Imaging
(Multifocus Imaging)

• The degradation of each channel is given by a
convolution with space-invariant kernel,

• every point (x , y) of the scene is assumed to be
acquired undistorted in (at least) one channel, i.e.

Ci(x , y) = (u ∗ hk
i )(x , y)⇔ (x , y) ∈ Ωk ,

where

hk
i (x , y , s, t) = hk

i (x − s, y − t),

Ω =
K⋃

i=1

Ωk ,

(∀k)(∃i) (hk
i (x − s, y − t) = δ(x − s, y − t)).
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Image Fusion for Multifocus
Imaging

Idea of a Fusion Algorithm

• Compare the channels in image domain or in
transformed domain.

• Identify the channel in which the pixel (or the region) is
depicted undistorted, i.e.,

• local focus measure is calculated over the pixel
neighborhood,

• the channel which maximizes the focus measure is
chosen.

• Mosaic the undistorted parts.
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Most Popular Focus
Measures

Focus measures are based on the quantity of high frequencies

• Image variance

M =

∫∫
(Ci(x , y)− Ei)

2 dxdy

where Ei denotes the mean gray level value of Ci .
• Energy of a Fourier spectrum

M =

∫∫
|Ĉi(u, v)| dudv



Two
Approaches

to Image
Fusion

Irina
Perfilieva,
Martina
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Image Fusion on the Base of
the F-transform

(1) Decompose channel images C1, . . . ,CK into inverse
F-transforms and error functions using the one-level
decomposition.

(2) Apply the fusion operator

κ(x1, . . . , xK ) = xp, if |xp| = max(|x1|, . . . , |xK |)

to the respective F-transform components of Ci , i ∈ I.
(3) Apply the fusion operator to the to the respective

F-transform components of the error functions ei , i ∈ I.
(4) Reconstruct the fused image from the inverse

F-transforms with the fused components of the image
and the fused components of the error function.
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Local Focus Measures for the
F-transform Fusion

F-transform focus measures reflect quantity of low frequencies

Mkl
1 =

∫∫
(Ci(x , y)Ak (x)Bl(y) dxdy

Mpq
2 =

∫∫ ( n∑
k=1

m∑
l=1

(Ci(x , y)−Mkl
1 )Ak (x)Bl(y)

)
Ap(x)Bq(y)dxdy
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Properties of Local Focus
Measures for the F-transform

Fusion

• Monotonicity
• Robustness

Robustness

A focus measure M is robust if for any four images I1, I2, Ĩ1
and Ĩ2 such that Ĩ1 and Ĩ2 are “close” to I1 and I2,
respectively,

M(I1) < M(I2)⇒ M (̃I1) < M (̃I2).
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Robustness and Removing
Noise

Removing Additive Noise

• F-Transform removes an additive noise s ∈ C[a,b] if

Fn,s = [0, . . . ,0].

• In this case, for all x ∈ [a,b]

fF ,n(x) = (f + s)F ,n(x).

A focus measure M1 for the F-transform Fusion is robust is
the closeness is connected with a presence of an additive
noise.
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Removing Noise

Which Noise can be Removed?

Noise s is removable on [x2, xn−1] if
• s ∈ C[a,b] – 2h-periodical function and for

k = 2, . . . ,n − 1

s(xk − x) = −s(xk + x) on interval [xk−1, xk+1],

or
• s ∈ C[a,b] – h-periodical function and for

k = 2, . . . ,n − 1 ∫ xk

xk−1

s(x)dx = 0.
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Image Reconstruction

Problem Description

Image reconstruction – reconstruction of a damaged
image where the damage is anything what the original
image does not include. It can be noise, text, scratch, etc.
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F-transform for Image
Reconstruction

Assumption. The damaged area can be separated

Proposed Method

• Apply the F-transform (approximation + filtration)
• Fuse the original (damaged) image with the inverse

F-transform
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Illustration
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Conclusion

• Fusion is considered from the point of maximizing a
local focus measure

• Traditional and the F-transform approaches has been
discussed

• Properties of the F-transform focus measure were
highlighted

• The F-transform based fusion for reconstruction was
introduced
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Future Research

• Reduce one optimization step in the F-transform fusion
• Reduce manual choice of parameters in Fusion for

Reconstruction
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