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Abstract. This paper presents a novel infrared (IR) and visible images fusion
methodology based on non-subsampled contourlet transform (NSCT). NSCT
shows better performance compared with usual multi-scale decomposition for its
multi-scale, shift invariance, multi-direction and efficient capture of geometric
structures. The proposed fusion method uses NSCT for multiresolution
decomposition of the source images. The low-pass NSCT adaptive fusion
weights calculated from the IR source image’s pixel statistical characteristics.
The high frequency directional coefficients with max absolute value are the
coefficients of the fusion NSCT high frequency. Experimental results conforms
that the proposed method have better performance compared with DWT,
compressed sensing based on DWT (CS-DWT), NSCT, NSCT based on spatial
frequency motivated pulse coupled neural networks (SF-PCNN-NSCT) from
visual effects and a list of fusion quality evaluation metrics.

Keywords: Image fusion � NSCT � Fusion evaluation � Statistical
characteristics

1 Introduction

With the recent advances in sensor technology, multiple visual sensors are widely
employed, in several applications such as surveillance, robotics, defense and medical
imaging in order to enhance their capabilities [1]. The objective of multisensory image
fusion is to combine complementary information from multisensory images of the same
scene into a single image to obtain data that is more useful than the data from any of the
individual source images by reducing imprecision and uncertainty in the spatial
properties and maintaining completeness of the spectral information [2].

Image fusion schemes are generally grouped into the transform domain and spatial
domain, and multiresolution transforms are the key transform domain methods. Mul-
tiresolution fusion methods includes pyramid transform [3–5], the wavelet transform
[6], the curvelet transform [7], the contoulet transform [8, 9] and so on. Thereinto,
contourlet has all the good characteristics of DWT, and the ability of capturing the
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curve singularity, which is effective in the signal representation. NSCT using the
non-subsampled pyramid (NSP) and the non-subsampled direction filter banks
(NSDFB) has shift invariant capability, which can remove the Gibbs effect.

A novel low-pass coefficients fusion rule based on the statistical characteristics of
the IR is applied in the NSCT. With the advantages of NSCT, the translation invariant
and excellent expression ability of image geometric features, especially the edge
direction information, the source image characteristics are effectively extracted, pro-
viding a richer information for the fused image [10].

The rest of the paper is prepared as follows: Sect. 2 briefs the non-subsampling
contourlet transform. Section 3 discussed the proposed fusion method. Section 4 shows
the experimental results and Sect. 5 summarizes the paper.

2 Non-subsampled Contourlet Transform

NSCT includes the NSP and the NSDFB two steps. The first step decomposes the
source image in multi-resolution, and the latter one in multi-direction. Figures 1 and 2
[9] respectively show the NSCT structure and the frequency decomposed from NSCT.

3 Infrared and Visible Image Based on NSCT

Figure 3 (revised from [11]) is the fusion method based on NSCT. Source images are
decomposed into multi-level and multi-direction by NSCT. Then proper coefficients
fusion rules are applied on each level. Lastly, fusion image is reconstructed from
inverse NSCT.

Fig. 1. NSCT structure
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IR and visible image fusion is an important branch of multisource image fusion,
and it has been widely applied in the military, video surveillance, medical etc. [2, 12].
IR and visible image fusion based on NSCT compute the fusion coefficients from the
decomposed low-pass sub-band coefficients and the high-pass sub-band coefficients
separately. The low-pass sub-band contain the main energy, and the high-pass

Fig. 2. Frequency portioning obtained with NSCT

Fig. 3. Fusion frame based on NSCT
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sub-band contains abundant texture and edge tails, therefore the fusion of the former
can significantly affect the overall results of the final image [12]. As the imaging
principles of the IR and visible image is different. IR image relate to the heat radiation
of the object, while the visible image is the representation of the reflection of the visible
spectra from the object. A sample average low-pass sub-band fusion of the images
cannot give an efficient representation of the scene. Some researchers have improves
the low-pass sub-band fusion rules, such as the region based, energy based, segmen-
tation based method. The first two will weak the target and the background of the
source image [1], and the segmentation is time costing.

To solve the problem of the fusion of the low-pass sub-band coefficients of the IR
and visible images, the paper proposed a new fusion rules based on the IR image pixel
statistical characteristics. The method is described below:

1. Decompose the source images using NSCT to N levels, into low-pass sub-band
coefficients and high-pass sub-band coefficients.

2. High-pass sub-band coefficients of the fusion image are obtained from the
decomposed coefficients with the max absolute value.

3. Calculate the weights for the low frequency fusion. Equalizing the histogram of the
IR image, we get the equalized image EIR. EIR image and IR image have the same
size, so matrix element division can applied to the two matrices. We name the
division result matrix K. Then the weights for IR sub-band is:

xIR
ði;jÞ ¼ Kði; jÞ=maxðKð:ÞÞ ð1Þ

Then the low-pass sub-band coefficients are calculated as:

LFði;jÞ ¼ xVI
ði;jÞ � LVIði;jÞ þ xIR

ði;jÞ � LIRði;jÞ ð2Þ

4. Reconstruct the fusion image with inverse NSCT.

4 Experiments and Result Analysis

For verification of the fusion performance of the method proposed, there pairs of IR
and visible images are selected as the fusion objects, these images all come from
website [15]. And four fusion methods are selected as the compared methods, including
the discrete wavelet transform (DWT), compressed sensing based on DWT (CS-DWT)
[13], NSCT, spatial frequency motivated pulse coupled neural networks based on
NSCT (SF-PCNN-NSCT) [14]. Besides the subjective evaluation, we use information
entropy (IE), average gradient (AG), mean value (MEAN), standard deviation (STD),
mutual information (MI), and spatial frequency (SF) as the objective evaluation criteria.
The experimental environment is Intel Core2 CPU 2.2GHZ, GTM130 M GPU note-
book, MATLAB R2010a.
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Fig. 4. (a) Source IR image; (b) Source VI image; (c) DWT; (d) CS-DWT; (e) NSCT;
(f) SF-PCNN-NSCT; (g) Proposed
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Fig. 5. (a) Source IR image; (b) Source VI image; (c) DWT; (d) CS-DWT; (e) NSCT;
(f) SF-PCNN-NSCT; (g) Proposed
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In the first pair IR and visible image, the visible image has heavy smoke in the
middle of the scene. In the visible we cannot see the human and the scene behind the
smoke, while the IR image is not affected by the smoke.

Compared with the other fusion rules, the fusion image obtained from the proposed
method is bright and clear. Especially the sky and ground have better visual effects
(Fig. 4).

Table 1 is the evaluation criteria. It can be seen that the proposed method has a big
improvement on the IE and the MEAN criteria, and the other criteria of the proposed
method are very similar to the best one. Though the “MI” of the SF-P-NSCT is the very
high, but the fused image has “block” effect. And the smoke in the fused image using
the CS-DWT method give a high “SF”, which should be removed from the image.

In experiment two, the roof, fence, and the tree around the house of the proposed
method have the best visual effects, and the target are in a proper grey level. Targets in
the first three fusion methods are too dark, and the fourth one too bright (Fig. 5).

Table 2 is the evaluation criteria: In this table the proposed also has an effective
performance. The proposed method gives the dark part of the IR image low weight of
the high-pass coefficients of the visible image, and this leads to the loss of the detail of
the trees in our fusion image. So the “AG” criterion for the proposed method is low. In
the future work, the high-pass coefficients of the dark part of the IR image should be
taken into account when calculate the weights of the fusion image (Fig. 6).

In this group of images, the proposed fusion image has a better brightness, and the
billboard is very clear.

Table 3 is the evaluation criteria of these group images. The result is similar to the
first two.

Table 1. Fusion evaluation

Method IE AG MEAN STD MI SF

DWT 6.22 1.58 113.20 10.38 11.45 11.60 15.22
CS-DWT 6.46 3.19 113.20 10.40 11.93 12.03 81.67
NSCT 6.38 2.99 113.20 10.41 11.75 11.79 78.11
SF-P-NSCT 6.81 2.78 109.33 8.97 12.11 13.17 74.52
Proposed 7.02 3.17 126.21 10.84 11.62 12.65 78.49

Table 2. Fusion evaluation

Method IE AG MEAN STD MI SF

DWT 6.30 3.54 89.85 7.99 12.50 12.55 80.14
CS-DWT 6.63 5.44 89.85 8.28 12.86 12.92 113.01
NSCT 6.44 4.72 89.84 8.10 12.64 12.68 113.85
SF-P-NSCT 6.83 4.33 92.38 8.87 12.17 13.37 97.68
Proposed 6.84 4.74 98.53 8.65 12.60 13.08 114.06
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Fig. 6. (a) Source IR Image; (b) Source VI image; (c) DWT; (d) CS-DWT; (e) NSCT;
(f) SF-PCNN-NSCT; (g) Proposed
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5 Conclusion

In this work, we study the low frequency fusion rules. According to the statistical
characteristics of the IR pixels, the dark zone in the IR image weights low in the fusion
image, and the bright zone take a dominant role in the fusion image. We apply the
NSCT to decompose the source images in multi-direction and multi-direction for
multi-resolution analysis. With the better performance of NSCT and our effective
fusion rules, the fusion image has more information and visual effects.
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