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AUTOMATIC RAIN STREAK REMOVAL: REVIEW
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Abstract— The better image quality is a very important factor in various applications. Weather conditions i.e. rain, snow, fog, mist and haze
degrade the quality also performance of outdoor vision system. Rain is one of the major contributors for the dynamic bad weather. It causes
intensity variations in image which reduces the quality of image and it is difficult to view for human observers. The intensity variation
depends on different parameters. For better image it is necessary the image will be noise free. Most of the rain streak removal has been done
on video based approaches and with collection of training images. Color image based rain streak removal widely used in different
applications in the field of security surveillance, vision based navigation, video or movie editing and video indexing or retrieval. So it is
necessary to develop algorithm to remove rain streaks from the images with preserving the original details. In this method, the detection and
removal of rain streaks in an image is based on image decomposition which depends on Morphological Component Analysis (MCA) by
performing dictionary learning. It is review of IEEE paper.

Index Terms — Morphological Component Analysis (MCA), Histogram of oriented gradients (HoG),Depth of Field (DoF), Dictionary
Learning Algorithm, Image Decomposition.

I. INTRODUCTION

Critical visual effects are present in spatial or temporal domains in images or videos due to various weather conditions [1]. Currently issue
of eliminating streaks from videos is much trending [1]. A pioneering work on detecting and removing rain streaks in a video was proposed in
[2], where the authors develop models for motion blur which depends on physics to identify the attributes of photometry of rain as well as
catching the dynamics of rain. It was eventually shown in [3] that depth of field (DoF) and exposure time are used to retain the appearance of the
scene with decreasing the proportion of effect of the rain. Furthermore, an improved video rain streak removal algorithm incorporating both
temporal and chromatic properties was proposed in [4].While there is notable intensity change in a pixel through successive frames.it was
supposed those pixels have good chance that rains might fall through and most of the rain streaks are relatively brighter.

In some instance, removing the rain from outdoor image is used to get original details of scene is important factor in many application.
Nowadays Computer vision is a part our lives. One of the most important goals of computer vision is to achieve visual recognition. Bad weather
degrades the perceptual quality of image as well as the performance of various computer algorithms which use feature information such as object
detection, tracking, segmentation and recognition. Processing and decreases the performance of k-means algorithms. A rain causes sharp
intensity changes. A part hide by a falling down raindrop seems brighter than its original background. But it is difficult to detect rain only using
the property of intensity changes. Because there exist so many objects which have similar linear edges with rain streaks.

Il. LITERATURE REVIEW

L.W.Kang, C.W. Lin and Y.H. Fu proposed a technique a single image based rain removal framework via properly formulating rain
removal as an image decomposition problem based on morphological component analysis. Instead of directly applying a conventional image
decomposition technique, in paper “Automatic single-image-based rain streaks removal via image decomposition,”,[1] the proposed method first
decomposed an image into the low and high-frequency parts using a bilateral filter. The HF part was then decomposed into a “rain component”
and a “non-rain component” by performing dictionary learning and sparse coding. Here, for image denoising no extra training samples were
necessary in the dictionary learning and also described comparison between video based rain removal and single image rain removal.

Y.L. Chen and C.T. Hsu proposed “A generalized low-rank appearance model for spatio temporally correlated rain streaks,” in paper [2] a
generalized model, which utilizes the nice properties of low-rank pattern, for common rain streak appearance. This model works on any type of
video and image and it characterizes the spatio temporally correlated rain streaks. This model decomposed the corrupted input into rain streak
component, rain-free component, and imaging noise. In comparison with existing methods, major contribution was threefold: 1) the model was
feasible to different source inputs without any pre-processing; 2) method inherently characterized the dictionary spanned by low-rank rain streak
patterns without learning; and 3) different from pixel/patch-based methods, both global structure (image total variation) and local appearance
(low-rank patch) were leveraged.

K. Garg and S. K. Nayar [3] analysed how visibility of rain is affected by factors which are camera parameters, properties of rain and
brightness of scene and it also showed that dependence of visibility of rain on camera parameters can be presented to use simple and effective
method to reduce the effects of rain during image acquisition.

Bilateral filtering smooth’s images while preserving edges, by means of a nonlinear combination of nearby image values, was proposed by
C. Tomasi and R. Manduchi, “Bilateral filtering for grey and colour images,” [4] The method was non iterative, local, and simple. It combined
grey levels or colours based on both their geometric closeness and their photometric similarity, and preferred near values to distant values in both
domain and range.

Duan-Yu Chen, Chien-Cheng Chen and Li-Wei-Key [5] proposed that the rainy image is with rain streaks which are parted into LF part &
HF part. rain streaks removal including hybrid feature set is made up of HOG, DoF and Eigen color and this can be used eliminate more rain
streaks from HF part.
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L.W. Tsai, J.W. Hsieh, C.H. Chuang, Y.J. Tseng, K.C. Fan, and C.C. Lee presented “Road sign detection using Eigen colour,” [6] in paper a
novel colour-based method to detect road signs directly from videos is presented. The model was global and can be used to detect any new road
signs. The model was invariant to different shapes and colours of a road sign. Then it effectively filtered out all impossible candidates according
to their shape maps. If a skewed road sign was detected, a rectification process was further proposed to rectify it to a normal shape so that it’s all
embedded texts can be well recognised.

Removal of rain streaks in video was a challenging problem due to the random spatial distribution and fast motion of rain. this was analyzed
by X. Zhang, H. Li, Y. Qi, W. K. Leow, and T. K. Ng, “Rain removal in video by combining temporal and chromatic properties,” [ 7] in paper a
new rain removal algorithm that incorporated both temporal and chromatic properties of rain in video. By using temporal and chromatic
properties, the algorithm could detect and removed rain streaks in both stationary and dynamic scenes taken by stationary cameras. To handle
videos taken by moving cameras, the video could be stabilized for rain removal and destabilized to restore camera motion after rain removal. It
could handle both light rain and heavy rain conditions.

X. Zheng, Y. Liao, W. Guo, X. Fu, and X. Ding are introduced “Single image based rain and snow removal using multi guided filter,” [8]
In this paper, they proposed a rain and snow removal method through using low frequency part of a single image. It is based on a key difference
between clear background edges and rain streaks or snowflakes, low frequency part could obviously distinguish the different properties of them.
Low frequency part was the non-rain or non-snow component. It as a guidance image, the high frequency part as input image of guided filter, so
it gave a non-rain or non-snow component of high frequency part and added the low frequency part was the restored image.

D.A. Huang, L.W. Kang, Y.C. F. Wang, and C.W. Lin presented “Self-learning based image decomposition with applications to single
image denoising,” [9] in this paper, a learning based image decomposition framework for single image denoising. In the proposed framework
samples are used to learn dictionary from the high spatial frequency parts of the input image for reconstruction purposes. Unsupervised clustering
on the observed dictionary atoms and their corresponding reconstructed image versions via affinity propagation then applying the proposed
method for the applications of image denoising.

M. Elad and M. Aharon presented “Image denoising via sparse and redundant representations over learned dictionaries” [10] in paper the
proposed method was based on local operations and involves sparse decompositions of each image block under one fixed over complete
dictionary and a simple average calculations. In the denoising process, the content of the dictionary having a principle importance. It used the K-
SVD algorithm, it obtain a dictionary that described the image content effectively. Two training options were considered using the corrupted
image itself or training on a corpus of high quality image database.

I11. METHODOLOGY

The main idea of the work is to develop a method that can separate rain streaks from the high-frequency part, a hybrid feature set, including
histogram of oriented gradients (HoGs) , depth of field (DoF) and Eigen color, is employed to further decompose the high frequency part. With
the hybrid feature set applied, most rain streaks can be removed, while the non-rain component can be enhanced.The rain streaks in an image are
usually more blurred than the focused subject(s), their visual effect is relatively weak and likely appears as fog. Therefore, properly employing
the DoF feature is helpful for identifying the main subjects to be preserved in a rain image. The rain streaks usually reveal neutral colour in
analysing the atoms of rain in method. Hence colour information is also a key feature to be employed for rain removal, where the Eigen colour
feature is used.

Most of the rain streak removal has been done on video based approaches and with collection of training images. a few research works have
focused on the more challenging task, that is, color image based rain streaks removal [1-2] based on the actual requirement that if only a color
image is available, such as an image captured from a cellphone and camera or it might be downloaded from the Internet. In [2], a introducing
work on color image rain removal which outlooks the rain removal task as the image decomposition problem based on sparse characterization. In
[2], a rainy image is first isolated into low and high frequency parts via bilateral filtering [5]. The high frequency part then decomposed into the
rain component and non-rain component by performing dictionary learning using two associated sparse representation based dictionaries for
representing rain and non-rain components, respectively. Since rain streaks customarily possess likely edge directions or gradients in an image.
The rain dictionary is thus recognized by determining the variance of gradient direction for each dictionary atom. Additionally, as the rain streaks
typically reveal similar and repeated patterns on an imaging scene [1], a low rank appearance model for eliminating rain streaks was proposed to
seize the spatio temporally correlated rain streaks. With the appearance model, rain streaks can be removed from a color image or video in a
uniform way. Nevertheless, based on this assumption, the main weakness is that some portions of the non-rain component with similar gradient
directions to the rain component might be also simultaneously removed.

3.1 Methodology
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This method of a single image based rain removal via as an image decomposition problem based on morphological component analysis.
Bilateral filter is used to isolate Low and high frequency part. Then HF part is decomposed into a “rain component” and a “non-rain component”
by performing dictionary learning and sparse coding. Original image details are preserved with eliminating rain from the image. In the dictionary
learning phase, extra training samples are not required because it is fully automatic and self-dependent process and it is also used to boost the
rain removing process by employing an extended dictionary of non-rain atoms learned from non-rain training images.

e Single rainy image decomposed into different features of image.

o Decompose image into the LF part and HF part using bilateral filter.

1=+ e
HF image is segregated into rain component and non-rain component and Dictionary learning.
Patches are extracted from HF image.
For dictionary learning of HF part HOG features are extracted.
Image Decomposition based on MCA.
After decomposition, the result will be non-rain component and LF image.
I Non-rain = ILr + lhF 6
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From the flow chart, import rain streak image file into Matlab After importing the rain streak image, it should be pre-processed. First
step of preprocessing involves the rainy image is first separated into low and high frequency parts. The preprocessed the low frequency part is
then modified as a guidance image and the high frequency part is treated as an input image of the algorithm, so that a non-rain component of the
high frequency part can be obtained. Then Rain streaks removal using hybrid feature set and restoration of non-rain component can be done.

Decomposition of a signal into their building atoms is very useful for many applications. Image denoising is necessary in different
image processing field. So, image decomposition technique for image denoising with single image instead of taking training of images. Rain
removal (image denoising) done by automatic image decomposition based on MCA method. The input rain image from camera or download
from internet applied to smoothening filter (bilateral filter). After applying filter input rain image decomposed into LF and HF parts. Next step is
patch extraction for learning dictionary of HF part, each patch is extracted from HF part. Then, HF part is decomposed into rain and non-rain
components. In image decomposition step HF image can itself can be divided into two components by performing HOG feature. There are many
gradient based features like scale invariant feature transform (SIFT), speeded up robust features (SURFs) and depth of field (DoF). Rain
removed Final step, to achieve non-rain component image i.e. rain removed image with MCA based image decomposition. In traditional MCA
method, rain image is directly decompose into rain and non-rain components but these components are largely mixed in the rain image. In
dictionary learning process, it is critical to recognize the rain and non-rain components and some rain components is not degraded in this case. In
MCA method, first rainy image is first divided into LF part and HF part. HF part contains rain as well as other texture then it divided into rain
and non-rain image. So, the main focus of this work is to develop an efficient algorithm, which will estimate the parameters i.e. sensitivity and
efficiency of rain removal image.

IV. CONCLUSION

This method of rain streak removal is used in the field of security surveillance, vision based navigation, video or movie editing and video
indexing or retrieval. Rain streak removal is used in the field of security surveillance, vision based navigation, video or movie editing and video
indexing or retrieval. It can retain original details of image without blurring it and also eliminates the rain streak effectively. The performance of
method is enhanced by partition of dictionary, dictionary learning and sparse coding. It is also remove rain streaks from other types of repeated
textures as well as videos.
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