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Abstract

This paper considers image fusion under the
condition that input image quality is reduced by sensor
noise. The aim is twofold: i) to develop appropriate
metrics which measure the effect of input sensor noise on
the performance of a given pixel-level image fusion
system and ii) to employ these metrics in a comparative
study of the robustness of typical image fusion schemes
whose input is corrupted by sensor noise.

1. Introduction

Image fusion is attracting an ever increasing
amount of attention in a number of applications such as
remote sensing and medical imaging. When applied at
pixel-level, fusion systems operate on a number of
registered input images and provide a single �fused�
output image, while attempting to minimise loss of visual
information and unwanted distortion effects. Several
pixel-level image fusion methodologies have been
proposed [1,2,3,8,9] whose performance is mainly assessed
using informal/formal subjective tests. Furthermore, a
framework for measuring objectively pixel-level image
fusion performance has been proposed very recently by
Xydeas and Petroviæ  [4,5] and shown to be subjectively
meaningful.

This paper considers image fusion under the
condition that input image quality is reduced by sensor
noise. Specifically, the aim here is twofold: i) to develop
appropriate metrics which measure the effect of input
sensor noise on the performance of a given pixel-level
image fusion system and ii) to employ these metrics in a
comparative study of the robustness of typical image
fusion schemes whose input is corrupted by sensor noise.

The next section highlights the Xydeas and
Petroviæ  objective image fusion performance evaluation
framework. This is followed by a brief section on sensor
noise and the mechanism used to obtain noisy visible
light, infrared and low-light input imagery at different

signal-to-noise ratio (SNR) levels. Section four
establishes the metrics needed to characterise the effect of
sensor noise on the operation of six fusion schemes.
These systems are outlined in section five. Section six
presents the experimental procedure and results whereas
brief conclusions are given in section seven.

2. Objective Fusion Performance
Evaluation

In the objective evaluation approach presented
in references [4,5], important visual information is
associated with edge information measured for each
image pixel. Furthermore, by evaluating the amount of
edge information that is transferred from input images to
the output fused image, a measure of fusion performance
is obtained.

Specifically, assuming two input images A and B
and a resulting fused image F, a Sobel edge operator is
applied to yield the strength g(n,m) and orientation
á(n,m) information [6] for each pixel p(n,m), 1 � n � N  and
1 � m � M . Using this, the relative strength and
orientation �change� values, GAF(n,m) and AAF(n,m), of
an input image A with respect to F are formed as
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Strength and orientation �change� measures are
then used to derive the edge strength and orientation
preservation values, Qg

AF(n,m) and Qá
AF(n,m).
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These quantities model the perceptual loss of
information in the fused image, in terms of how well the
strength and orientation values of a pixel p(n,m) in A are
represented in F. The constants Ãg, ê g, ó g and Ãá, êá, óá

determine the exact shape of the sigmoid non-linearities
used to form the edge strength and orientation
preservation values from which the overall edge
information preservation values are then defined:
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with a range of 0 � Q AF(n,m) � 1 , where 0 corresponds to
the complete loss of edge information, at location (n,m)
in F, and QAF(n,m)=1 indicates ideal �fusion� from A to
F with no loss of information.

Having QAF(n,m) and QBF(n,m), a normalised
weighted performance metric Qp

AB/F of a given process P
that fuses A and B into F is given as:
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The edge preservation values, QAF(n,m) and
QBF(n,m), are weighted by coefficients, wA(n,m) and
wB(n,m), which reflect the perceptual importance of the
corresponding edge elements within the input images and
can be evaluated from the edge strengths, as
wA(n,m)=[gA(n,m)]L and wB(n,m)=[gB(n,m)]L where L is a
constant. Notice that the resulting range of the fusion
measure is also 0 � Qp

AB/F(n,m) � 1.

3. Sensor noise

Sensor noise found in imaging systems is the
result of several processes associated with the underlying

physics of imagers, and determines effectively the �noise
floor� of the system. Typically, there are two sources of
noise: i) the dark (leakage) current noise which is
sensitive to temperature and ii) photon generated
sampling noise which is dependant on the number of
electrons and is relatively insensitive to temperature [15].

In fast scanning imagers photon noise tends to
dominate dark current noise, whereas low light level,
long exposure imagers tend to generate both types of
noise in comparable amounts or the dark noise may be
the dominant component. With this background two
different types of statistical models were used to generate
a noise signal N which is, in turn, added to an image A to
produce a noisy image An at different signal-to-noise ratio
levels n, i.e.

inn NkAA += � (7)

where i=1,2, n=30,20,10,3,1 in dB with kn being the
appropriate scaling factors.

Noise seed, N1 is obtained using a zero mean
unit variance gaussian random number generator and
accounts for the dominant photon noise in visual range
and infrared cameras [10,12,14], whereas N2 exhibits a
Poisson type distribution [7] that is typical of noise in low-
light CCD cameras [11].

4. Image Fusion Performance Metrics
in the presence of input sensor noise

Using the objective fusion performance
evaluation framework presented in section 2, the
formulation of appropriate performance metrics is
considered in this section for the case where registered
input images are corrupted by noise. Recall that the main
objective of pixel level image fusion systems is to
transfer, as faithfully as possible, the content of input
images into a fused output image. This implies possible
�loss� of information as well as introduction of �artifacts�
in the fused image. With this in mind, Qp

AB/F of Equation
(6) is a fusion performance metric whose value increases
toward unity as the amount of information loss and
artifacts in F decrease.

However, when input images are corrupted by
noise, loss of input �noise� information in the output
image is an advantageous characteristic of the underlying
fusion process. This means that Qp

AnBn/Fn (estimated for a
fusion system p operating on noisy An and Bn images, and
producing an output image Fn) is not subjectively
meaningful since loss of noise in Fn will yield a reduction
in Qp

AnBn/Fn.
The above difficulty is avoided with the Qp

AB/Fn

metric. In this case, loss of noise information in Fn means
that the fused output image is a more accurate
representation of the noise free A and B images and
Qp

AB/Fn increases its value.
Further to the above definition of a fusion

performance metric under input sensor noise conditions,
an alternative scenario is also considered here where only



one of the input images (say A) is corrupted by noise. In
this case the effect of corrupting A by N to produce An,
Equation (7), can be measured in the � Q metric� domain
as Qp

AA/An, see Equation (6). In addition, Qp
FF/Fn provides

the corresponding Q-metric output-noise measure for the
fused image Fn of fusion system p. Notice that when
N=0, SNR=� � dB, An=A, Fn=F and both Qp

AA/An and
Qp

FF/Fn are equal to unity.
Based on the above, the noise effect on Fn,

relative to the noisy input image An is given by
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Dn
p is negative when input noise is �amplified�

by the fusion process. A positive value indicates that the
fusion system p possesses noise suppression
characteristics.

5. Image Fusion Schemes

Six different pixel-level image fusion schemes
were considered and their behaviour examined in the
presence of input sensor noise.

Scheme 1 is based on a simple averaging process
where each pixel in the fused image is the average of the
corresponding pixels obtained from the input images.

Scheme 2 is a computationally efficient
algorithm [2] which involves the decomposition of input
images into background and foreground information prior
to a relatively simple sub-band image fusion process.

Scheme 3 employs a multiresolution Gaussian
pyramid decomposition on input images and forms a
Ratio of Low Pass (RoLP) pyramids by dividing levels of
the gaussian pyramid with their low pass approximation
of the next level, prior to fusion [9]. Information from
corresponding levels in input RoLP pyramids is selected
and transferred into a fused RoLP output pyramid using a
maximum absolute value selection criterion. The output
fused image is obtained from the lowest resolution fused
Gaussian image that is expanded repeatedly to higher
resolutions and is also multiplied with the corresponding
resolution level of the fused RoLP pyramid.

Scheme 4 is similar to Scheme 3 whereby the
RoLP representation is replaced by a Laplacian pyramid
that is formed from the differences of adjacent but size
normalised Gaussian pyramid levels. Again, fusion is
performed across the corresponding levels of the input
Laplacian pyramids using a simple maximum absolute
value selection rule [8].

Scheme 5 and Scheme 6 are also multiresolution
fusion systems. They are based on a wavelet pyramidal
approach where �higher� frequency information is
represented at each resolution by three separate sub-band
signals. An area based activity measure and a consistency
verification criterion are used in Scheme 5 as the main
mechanism in selecting and transferring pixels from
input pyramids to the output fused pyramid [3]. Scheme 6
employs a more sophisticated pixel selection mechanism
as described in [1].

6. Experimentation and Results

Armed with the Qp
AB/Fn and Dp

n metric discussed
in section four, experiments were conducted in order to
investigate the effect of input noise on the performance of
the six fusion schemes of section five.

In those experiments, three sets of registered
input images were employed each having ten image pairs.
Set I contained visible light/infrared image pairs. Set II
contained 7 infrared/visible light and 3 infrared/low light
pairs whereas set III consisted of 8 low light/infrared and
2 low light/visible light image pairs. Furthermore, the 10
visible light, 10 infrared and 10 low light images of Sets
I,II, and III were corrupted by noise at different SNR
levels. Gaussian noise affected sets I and II and Poisson
distributed noise corrupted set III.

Figure 1 illustrates the Qp
AB/Fn performance of

Schemes 1 to 6. Scheme 1 performs poorly at the noise
free (�dB��and 30dB SNR conditions and is still inferior
with respect to other schemes at 20dB. However, at
relatively low SNR values, i.e. from 10 down to 1dB,
Scheme 1 outperforms the other systems. This behaviour
is the direct consequence of the averaging process used in
Scheme 1.

Notice also that the relationship between the
Qp

AB/Fn performance of Schemes 2 to 5 does not change
significantly as SNR decreases, except for Scheme 2
which shows a more robust behaviour in the presence of
noise than the other schemes. The main reason for this is
the simplicity of the decomposition process into only two
parts, as compared to the multiresolution decomposition
approach used in Schemes 3 to 6.

Notice that Qp
AB/Fn values less than 0.14 were

obtained for fused images of unacceptable quality.



Figure 1: Qp
AB/Fn performance versus input SNR for

Schemes 1 ( * ), 2 ( � ) , 3 ( ∇ ), 4 ( � ), 5 ( x ) and 6 ( o )
operating on Sets I ( a ), II ( b ) and III ( c )

Figure 2 shows the average Dp
n versus SNR

performance of the six schemes operating on input image
sets I,II and III.

Figure 2: Dp
n performance against SNR values for fusion

Schemes:  1 ( * ), 2 ( � ) , 3 ( ∇ ), 4 ( � ), 5 ( x ) and 6 ( o )
operating on input data Sets I ( a ), II ( b ) and III ( c )

In broad terms, Schemes 1,2 and 4 lead the
others in terms of robustness, with Scheme 1 having an
advantage in the range of 10 to 30% with respect to the
second best performance offered by Scheme 2. When
infrared and low light input images are corrupted by
noise, Dp

n is always positive and all schemes exhibit a
certain noise suppression behaviour. However, when
visible light images are corrupted, Schemes 3,5 and 6



produce negative Dp
n values and thus, effectively,

�enhance� input sensor noise.
Examples of output fused images with Scheme 4

operating under noise free input conditions and Schemes
1,2 and 5 under noisy input conditions (3dB SNR) are

shown in Figure 3. The Dp
3dB performance measurements

are ordered D1
3dB >D2

3dB >D5
3dB, Figure 2 (a), which is in

broad agreement with the perceived quality of the output
fused images.

Figure 3: Examples of fused images: noiseless visible light/infrared fused with Scheme 4 (a), and fused with noisy
visible light image at 3dB SNR, Scheme 1 (b), Scheme 2 (c) and Scheme 5 (d)

7. Conclusions

The work described in reference [4,5], for
objectively measuring pixel level image fusion
performance, has been extended here in order to cover the
case where input images are corrupted by sensor noise.

The proposed new metrics have been used to describe the
performance and the noise suppression/enhancement
characteristics of six fusion systems.
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