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Abstract: Multifocusimage fusion isa current research topicin
the area of image processing for visual sensor networks. Discrete
wavelet transform based fusion algorithms suffer from
unintended effects like smoothing of edges, loss of contrast and
artifacts. To overcome these problems, Stationary Wavelet
Transform based algorithm using fusion-rules is proposed and
applied to multifocus images. Stationary Wavelet Transform well
preserves the edges and avoid artifacts with its shift-invariance
property. Entropy and spatial frequency based fusion rulesin this
work can effectively characterize the intensity variations in an
image there by loss of contrast is minimized. Simulation results
show that the proposed method can amply preserve the edges and
also avoid artifacts with no loss of contrast.
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I. INTRODUCTION

I n visua sensor networks (VSN), the sensors are cameras

which can capture, process and transmit a large number of
images in surveillance, traffic and industrial applications [1].
However, an entire focused image is not captured by the
cameras in visual sensor networks (VSN). This makes it
difficult for VSN to analyze and understand the images. To
address these issues, fusion techniques are desirable for
fusing two or more images with divergent focus levelsinto a
focused fused image.

Il. LITERATURE REVIEW

The fusion techniques using Laplacian pyramids [2],
Discrete  Wavelet Transform (DWT) [3], discrete cosine
transform [4], Wash Hadamard Transform [5],
multiresolution singular value decomposition (MSVD) [6],
Wavelet based methods [7-12] are existing in the literature.
The discrete wavelet transform (DWT) based method had
been verified to be an effective image fusion technique.
However, shift-variance property of DWT introduces
unintended effects. The shift-invariant stationary wavelet
transform (SWT) eliminates the unintended effects of DWT.
Fusion rules are also essential to get a sharper fused image
from source images considered for fusion. Hence, in this
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paper stationary wavelet transform and fusion rules based
algorithm proposed for fusion.

[l. PROPOSED METHODOLOGY

(a) Multi-focused source images are considered for fusion.
(b) Perform RGB to YCbCr color Transform on source
images.
(c) Apply 1-level SWT on source images to get low and
high-frequency sub- bands using Eq. (1).
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(d) Spatial frequency based fusion rule is used to fuse low
frequency coefficients in low- frequency sub- bands
using Egs. (2)-(4).
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(e) Entropy based fusion ruleis used to fuse high frequency
coefficientsin high - frequency sub- bands using Eq. (5).
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(f) Get composite fused image by applying I-level inverse
SWT on low- and high-frequency sub-bands using Eq.
(6).
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(9) Transform fused imagein Y CbCr to RGB color space.
(h) Evaluate fused image quality using reference and non-
reference performance measures.

IV. RESULTSAND DISCUSSION

The proposed method is tested on artificial, natural and
misregistered multi-focus images. The proposed method
performance is compared with existing DWT [3], MSVD [6],
SWT [8], DWT + Variance [9], and DTCWT [10] fusion
methods in terms of performance measures.

The first experiment is performed on artificialy created
images. In this experiment two images Lena and Airplane
[13] are used as reference. Artificial images were formed by
convolution of referenced image with a Gaussian filter. Both
reference and artificial images are shown in Fig. 1.

Lena

Airplane

Fig. 1 (a) Referenceimages and (b)-(c) artificial images

The fused images are reflected in Fig. 2 and 3. The fused
image quality is calculated, using reference measures PSNR
and FSIM. In Table I, PSNR and FSIM values of al test
images are high for fused image of proposed method.
ES.Y .EY

(d)

Fig. 3 Fused images (Airplane) (a) DWT [3], (b) MSVD
[6], (c) SWT [8], (d) DWT + Variance[9], () DTCWT
[10] and (f) proposed method.

Table- I: Comparison of PSNR and FSIM of different
fusion methods

Artificial
Multi-Focus
Images Fusion Method PSNR FSIM
DWT [3] 27.1013 0.9105
MSVD [6] 27.7903 0.9335
SWT [8] 28.2727 0.9374
DWT + Variance
[9] 27.9178 0.9362
32.9903
DTCWT [10] 0.988
Lena Proposed method 33.2801 0.9917
DWT [3] 25.3572 0.8859
MSVD [6] 26.3356 0.9173
SWT [8] 27.2888 0.9253
DWT + Variance
[9] 26.3935 0.9182
DTCWT [10] 32.5604 0.9875
Airplane Proposed method 32.8355 0.9902

The second experiment isrun on natural multi-focus Map and
Children images [14] with different focuslevels are shown in
Fig. 4 and 5.

@ (b)

Fig. 4 Non-referenced Map image (a) foreground
focused image (b) background focused image

Fig. 2 Fused images (Lena) (a) DWT [3], (b) MSVD [6],
(c) SWT [8], (d) DWT + Variance[9], (¢ DTCWT [10]
and (f) proposed method.
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(@ (b)
Fig. 5 Non-referenced Children image (a)
reground focused image (b) background focused
image
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The experimental results of Map and Children image are Proposed
shownin Fig. 6 and 7. One could notice that the fused images method 0.8079 0.9373
of proposed method give good quality than other methods.
Natural and misregistered image fusion performance is DWT [3] 0.709 0.8736
calculated using non-reference measures Qgc [15] and Qv MSVD [6] 0.7056 0.8304
[16]. SWT [8] 0.7137 0.923
DWT +
Variance[9] [ 0.7028 0.9021
DTCWT
[10] 0.7248 0.9345
Proposed
Children method 0.7513 0.9495

The third experiment is performed on misregistered
multi-focus color images to assess the robustness of the
proposed method.

Fig. 6 Fused images (Map) (a) DWT [3], (b) MSVD [6], (c)
SWT [8], (d) DWT + Variance[9], () DTCWT [10] and
(f) proposed method.

(b)

Fig. 8 The Temple Misregistered sourceimages (a)
Foreground Focused image (b) Background Focused
image

(d)

Fig. 7 Fused images (Children) (a) DWT [3], (b) MSVD
[6], (c) SWT [8], (d) DWT + Variance[9], () DTCWT
[10] and (f) proposed method.

Table Il gives the comparison of various fusion methods. A
high Qgc and Qv vaue of proposed method shows that high
contrast and sharpness are preserved in fused image.

Table- I1: Comparison of QBC and QY of different (d) (e) 0)

fusion methods Fig. 9 Fused images (Temple) (a) DWT [3], (b) MSVD [6],
(c) SWT [8], (d) DWT + Variance[9], () DTCWT [10]
Netura and (f) proposed method.
Mult-Focus Fusion One pair of color images of the temple is considered for
Images Method Qe | Qv fusion. The source and fused images are shown in Fig. 8 and
DWT [3] 0.7656 0.8645 9. We a so compared the fusion results of templein Tablelll.
Fig. 10 describes that larger Qcs and Qv of proposed method
MSVD [6] o771 09203 specify better fused image quality.
SWT[g] 0.7733 0.9344
DWT +
Variance[9] | 0.7589 0.9187
DTCWT
Map [10] 0.7778 0.927

Retrieval Number: B4110129219/20190BEIESP

DOI: 10.35940/ijeat.B4110.129219 Published By:
Journal Website: www.ijeat.org Blue Eyes Intelligence Engineering

3047 & Sciences Publication


http://www.ijeat.org/

Stationary Wavelet Transform based I mage Fusion using fusion rules

Table- I11: Comparison of QBC and QY of different
fusion methods

Fusion
Misregistered Method Qee @
Multi-Focus
Images
DWT [3] 0.5482 0.7215
MSVD [6] 0.5618 0.8439
SWT [8] 0.5634 0.8701
DWT +
Variance[9] 0.5526 0.8174
0.6298 0.9102
DTCWT [10]
Proposed
Temple method 0.7288 0.954
Temple Image
1.5
1
0.5
0 DWT +
. DTCWT | Proposed
DWT [3] | MSVD[6] | SWT [8] Var[|;]nce (10] method
HQCB| 0.5482 | 0.5618 | 0.5634 | 0.5526 | 0.6298 | 0.7288
HQY | 07215 | 0.8439 | 0.8701 | 0.8174 | 0.9102 0.954

Fig. 10 Comparison for Qcs and Qy

V. CONCLUSION

This paper proposes a stationary wavelet transform based
image fusion using fusion rules for visual sensor networks.
Due to its shift-invariance, SWT avoids unintended effects
introduced by DWT. Fusion rules are effectively selected
focused regionswithout loss of contrast. Experimental results
prove that the proposed method produces a good quality
fused image compared to other methods.
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