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Abstract: The drawback of losing high-frequency components suffers the resolution enhancement. Tn this
project, the wavelet domain based image resolution enhancement technique using Tetrolet Transform (TT) is

proposed for resolution enhancement of the satellite 1images. Input images decomposed by using FT in this

proposed enhancement method. Inverse TT 1s used to generate a new reselution enhanced image from the
interpolation of high-frequency subband images and low-resolution image from an input. Intermediate stage

has proposed for estimating the high-frequency subbands to achieve a sharper image. It has tested on
benchmark images from the public database. Peak Signal to Noise Ratio (PSNR) shows the preeminence of the
proposed technique over the expected and state-of-art image resolution enhancement technologies.
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INTRODUCTION

Gamma corrected adaptive knee transformation based
on beta wavelet for satellite image enhancement explained
by Singh and Kumar (2016). The mput image decomposed
nto sub-band images, 1.e., Low-Low (LL), Low-High (LH),
High-Low (HL.) and High-High (HH). Then, input image
with LL band coefficients is changed to get enhanced LI
a group using adaptive knee transformation.

Advanced block based DWT technique for contrast
enhancement of satellite images presented in (Coumar and
Rosario, 2016). Flexible radiant transfiguration and
preeminent glaze levels utilized m this method. Inverse
Discrete Wavelet Transform (IDWT) 1s used to enhance
the image finally and DWT based on the advanced block
15 used to improve each block. Inverse DWT 1s used to
fuse the improved blocks to obtain emanated image. The
pleture 13 decayed into sub-bands using Haar wavelet
transform.

Fusion and morphological gradient-based on
DWT-Principal Component Analysis (PCA) for edge
preserving satellite image enhancement described by
Thriveni (2015). The input image is decomposed into
various sub-bands using DWT. Fusion is applied on the
LL subband using PCA. Then enhanced the image 1s
reconstructed using IDWT. Excellent detail subbands are
required to achieve sharp boundary. Satellite image
enhancement using an effective method is discussed by
Jadhav and Patil (2015). DWT with high-frequency
subbands and the low-resolution input image 1s used to
obtain the sharp image by high-frequency sub-band
estimation. The resultant image is reconstructed using
IDWT. Discrete and stationary wavelet decomposition
based image resolution enhancement is discussed by

Sharma and Verma (2014). High-frequency subband image
interpolation based resolution enhancement obtained by
Discrete Wavelet Transform (DWT). Edge is enhanced
using the technique of Stationary Wavelet Transform
(SWT). Then, the image 1s decomposed into sub-bands
using DWT scheme. Interpolation 1s done from the mput
image and expected high-frequency sub-bands are
changed through SWT wsing high-frequency subband
obtamed. Fmally, mverse DWT is used to generate a
high-resolution image from all these sub-bands.

Plateau histogram equalization based
image contrast enhancement algorithm presented in by
Aedla (2014). Input image decomposition 1s done using
bi-histogram equalization with plateau and threshold
calculation using self-adaptive plateau histogram
equalization. Mimmum mean brightness error bi-histogram
equalization, histogram equalization, dynamic histogram
equalization, self-adaptive plateau histogram equalization
compared with existing methods.

Singular Value Decomposition (SVD) and DWT
based on gamma comrection for satellite 1image
enhancement explained by Demwel and Anbarjafari.
Intensity transformation based low contrast satellite
images are enhanced. There are four various sub-bands
are included while decomposes the mput 1mage, 1.e., LL,
LH, HL. and HH. Edge information preserved by applying
gamma correction. LI, sub-band information of gamma
passed via SVD and TDWT is used to reconstruct the
enhanced image (Aedla, 2014; Sharma and Verma, 2014).
Reviewed study expose similarities of traditional image
transforms, Land use and land cover classification of
LISS-TIT satellite image using KNN and decision tree
(Upadhyay et af., 2016a, b) disputes the remote
satellite and execute random

satellite

information from the
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techniques to use land cover classification. Combine
technique for classification of TRS P6 LISS-TIT satellite
images (Upadhvay et al., 2016a, b) express the glaciers
mountain of Himalaya producing the enormousamount of
snow and ice which captures via satellite later then
transforming it with remote sensing techniques. Removal
of herringbone effects from AEM data maps using the
Radon transform (Sykes and Das, 1998) aggregates
airborne data to result in distortions of asymmetric
measuring systems.

MATERIALS AND METHODS

Low-pass filtered signal having some high-frequency
information because the analysis filter bank has finite filter
taps and also some low-frequency information 1s obtamed
from high pass filtered signal. The same phase has down
sampled the both high-pass and low-pass filtered signals
but remains some correlation though; there will be the
relationship at low while downsampling by various
aspects. Image enhancement is done using TT technique
to obtain a resolution-enhanced mmage. Results show that
the proposed method performs better than the existing
wavelet methods regarding the PSNR (Upadhyay ef al.,
2016a, b). Figure 1 shows the block diagram of the
proposed satellite image resolution enhancement
system. An input image is decomposed by TT to get
high-frequency sub-bands. The high-frequency subbands
and the low-resoluton mput image mterpolated.
Two different decompositions are used to calculate the
complex transform wusing TT. Tt has two or more
high-frequency filter banks (Sykes and Das, 1998).

Input
image

Decomposition
using tetrolet
transform

v

Enhanced
ima,

Reconstruction
using inverse
tetrolet transform

PSNR
value
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Fig. 1: Block diagram of the proposed system

RESULTS AND DISCUSSION

Some well-known satellite test images experiments.
After tetrolet decomposition, one coefficient can be
remunerated by its associated coefficient. This study tells
about the experimental results of the proposed contrast
enhancement for satellite images. PSNR 13 calculated
using satellite image. Satellite mput image and output
images shown in Fig. 2. Ow results show that the
proposed technique provides constant improvements.
Proposed PSNR value is 32.56 dB.

Fig. 2: a) Input image; b) tetrolet enhanced image and c)
reconstructed image
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CONCLUSION

TT domain based image resolution enhancement
algorithm presented m this section. Input images are
Then
enhanced and finally

decomposed using tlus proposed techmque.

decomposed images are
reconstructed usmng mverse TT. Our results have
shown that the

conservative

proposed  method
enhancement

Figure 2 shows the recommended input and resultant

outperforms
image approaches.
images.
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