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Abstract— Raindrops stick to a window glass can considerably destroy the visibility of a scene. Detecting and removing 

raindrops will benefit in many computer image applications. We presented hybrid approach to detect and remove raindrops and 

then restore the image back ground in a single image. Proposed framework is based on K-means clustering and hybrid Otsu 

plus median filter for the efficient retrieval of Rain droplets from the single image. The k-means clustering is used which 

results in highest correct clustering rate and Hough transform is used to detect and remove the raindrops from single image. We 

present a complete review on different approach for raindrop detection and removal. The proposed system will gives better 

results than available approaches for raindrop detection and removal. Results analysis will be performed on the basis of the 

efficiency and accuracy of the proposed method. 
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I.  INTRODUCTION  

Particularly in rainy seasons, raindrops predictably stick to 

windscreens, protecting shields and camera lenses. These 

adherent raindrops occlude and deform some image areas, 

performances of many applications in the image systems 

such as tracking, feature detection, stereo correspondence, 

etc., significantly degraded. This problem generally occurs 

for vision systems where top-mounted vehicle sensor with no 

wipers is available and where a hand-held camera is used. 

Raindrops adhered to a windscreen or window glass can 

significantly degrade the visibility of a scene .To address this 

problem, we proposed hybrid algorithm to detect raindrops, 

remove the raindrops and then restore the image back ground 

in a single image. This new hybrid algorithm is framed based 

on Otsu and median filter for the fast retrieval of Rain 

droplets from the single image.  Our research is to implement 

system which is used for rain drop detection and removal 

using K-means clustering, hybrid Otsu and median filter and 

Hough transformation which results in higher correct 

clustering rate and remove the raindrop from the single 

image and restore the image with its original background. 

For that we are planning to implement K-means and hybrid 

Otsu plus median filter noise removal algorithm, so that 

image can be pre-processed and the performance is 

enhanced. 

 Many papers in research field analyze the presence of 

adherent raindrops from their local spatial-temporal 

derivatives [1].Adherent raindrops can have various shapes 

and finding such adherent raindrops from images can be very 

problematic. Unlike rainproof Objects, adherent raindrops 

are transparent, making their appearance and thus depending 

on the environment the intensity values varies. Due to their 

proximity they suffer from out-of-focus blur to the camera. 

Moreover, most raindrops generate dirty look [2]. The 

following sections are organized as follows.  Section II 

consists of Literature reviews. Section III presents a 

proposed method of efficient and accurate segmentation 

procedure of rain drop detection based on K-Means and 

Hough transforms and rain drop removal using Otsu and 

median filtering. Final section IV consists of conclusion. 

 

II. RELATED WORK  

M.Ramesh Kanthan and Dr.S.Naganandini Sujatha in [1] 

proposed a hybrid algorithm is mounted in order to find 

the rain droplets using clustering and shape modelling of 

raindrops. This new hybrid algorithm is mounted on K-

Means clustering and Median filter for retrieval of Rain 

droplets from the single image. The input image is a color 

image. To convert image into gray scale, YCBCR color 

space is used to get the accurate gray component earlier 

clustering. With the same YCBCR color space approach it 

is also beneficial to reconstruct the original RGB color 

image. K-means clustering algorithm is used to perform 

image clustering. Once clustering process is over, it is 

added on a per pixel basis by detecting circular raindrops 
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Using Hough circle transform [3]. This system is 

advantageous because it is fast compared with alternate 

droplet identification schemes. The limitation of this method 

is that K-Means Algorithm is used for clustering results in 

lower correct clustering rate.  

 

Roser and Geiger in [4] presented Detection Model 

and Data driven approach. An accurate model has 

constructed to understand the geometric-photometric 

properties of a raindrop and image correlation. The definite 

region on an image is distorted Using raindrop refraction 

model, thus giving the region an appearance as if a raindrop 

is present. An adaptive band pass filter is used to hazy 

images which are based on computing the Difference of 

Gaussians (DoG) for each pixel. Once above process is over, 

the regions containing raindrops in the blurred image are 

greater where raindrops do not exist than the regions 

containing raindrops in the original image and as raindrops 

blurring the region that they occlude. Confirmation was 

performed by placing a model of the raindrop in possible 

regions and measuring the correlation in their intensity 

values. The idea is that raindrops are high contrast regions, 

which are usually texture-less and round, compared to the 

surrounding regions. This method could be susceptible to 

high false negative rates. The drawback of this method is 

Proper classification model is not     mentioned which can 

results in lower correct classification       rate. 

 

Willson et al. [5] worked on Sensor/Lens Dust 

Removal. They gave a detailed analysis on the imagery 

model with dust adhered to the lens. Dust blocks light 

reflected from objects and reflect light coming from the 

environment. In this paper they have presented an optics-

based model that simulates the size and optical density of 

image manufactured article produced by dust particles.  The 

image artifact size is determined by the size of the lens 

aperture and not the size of the particle, while the artifact‟s 

optical density is determined by the ratio of the particle and 

aperture areas. They also showed how the model has been 

used to evaluate the effect of dust on two machine vision 

algorithms used on the 2003 Mars Exploration Rovers. 

Zhou and Lin in [6] propose method to detect and 

remove small dark dust artifact. They proposed a depth 

estimation framework using calibrated images captured 

under general camera motion and lens parameter variations. 

Kurihata et al. [7] and later Eigen et al. [8] approach the 

problem through machine learning. A weather recognition 

method uses a subspace method to judge rainy weather by 

detecting raindrops on the windshield. "Eigen drops" 

represent the principal components extracted from raindrop 

images in the learning stage. Then the method detects 

raindrops by template matching.  

 

Montero-Martinez et al.in [9], demonstrate that a 

non-negligible fraction of drops have an anomalously large 

fall velocity owing to their diameter, the ratio between the 

observed, and expected speeds being all the more large that 

the drop diameter is small. While these authors attribute this 

„anomaly‟ to breakup between colliding drops, authors 

showed on the basis of detailed laboratory experiments that it 

can be fully accounted for by a scenario which has 

effectively represented the distribution of drops sizes in 

rainfall, namely the spontaneous breakup of large drops [10]. 

Such scenario makes estimates that fraction of drops in 

rainfall should have a velocity approximately 2.5 times larger 

than their equilibrium fall velocity given their size, consistent 

with measurements. The trajectories of the busted drop 

fragments and the distribution of the norm of their velocity at 

bursting are determined. The average fragment velocity 

induced by bursting is found to be much smaller that the 

velocity of the initial mother drop. In addition to that the 

fraction of drops affected by the velocity „anomaly‟ is 

estimated [10]. 

 

Shaodi You and Robby T. Tan in [16] presented the 

method that automatically detect and removes the sticky 

raindrop. The core idea is exploit the local spatio-temporal 

results of raindrops. It develops not only a video completion 

technique, but also the information behind some unclear 

areas of raindrops. The limitation of this method is that it 

does not work with highly dynamic raindrops. 

           

Shaodi You and Rei Kawakami proposed a method that 

automatically detects and eliminates sticky raindrops. They 

use long range trajectories to determine the motion and 

presence features of raindrops locally along the trajectories. 

Author Conducted both quantitative and qualitative 

evaluation to measure the accuracy of detection and removal 

method. The disadvantage of this method is that it does not 

work with dynamic raindrops and improving the computation 

time [15]. 

III. METHODOLOGY 

The proposed approach is shown in figure. The input image 

is a color image. To perform clustering input image should 

be in gray scale form. So the YCBCR color space is used to 

convert image into gray scale form. YCBCR gives accurate 

gray component. It will also useful to reconstruct the original 

RGB color image once raindrop detection and removal 

process is over. The RGB color space and YCbCr color 

space is related with following formula:  

 

     Y = (75R + 150G + 29B) / 256                           (1) 

     Cb = (-44R – 87G + 131B) / 256 + 128              (2) 

     Cr = (130R -110G - 21B) / 256 -128                   (3) 

 

Where R, G, B represents the R-channel, G-channel, and B-

channel of original image respectively. Once Binarization is 

performed we will move towards noise removal. For noise 

removal we will use Otsu and median filter in combination to 
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remove the noise from single image. After noise removal we 

perform clustering using k-means clustering algorithm. Then 

after we used Hough circle transform to detect and remove 

the raindrops from the single image. Once we detect and 

remove the raindrop from the image, we will get the output 

image means the image with its original background. After 

that we analyse the result by using accuracy, precision and 

recall. 

 

 

 

 

 

 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
           Figure1. Proposed approach. 

 

A. Otsu and Median filter   

Otsu method is one of the eldest methods in image 

segmentation. According to its probabilistic implementation 

it is treated as a statistical method. It must be stated that the 

Otsu method is one of the best automatic thresholding 

methods. The basic principle in Otsu method is to split the 

image into two classes which are the substances and the 

background. The automatic threshold is obtained through 

finding the maximum difference between the two classes. 

Otsu is a type of global thresholding assortment method, 

which is widely used because of its simplicity and 

effectiveness. Otsu algorithm can obtain acceptable 

segmentation result when it is applied to noisy images 

 

Median filtering is one of the best methods which are used to 

suppress Salt & Peppers noise which is called impulse noise. 

Median filter has established an effective technique to 

suppress impulse noise while preservative signal changes. 

The central pixel in a (k × k) window with the median of the 

pixels inside that window is replaced by classical median 

filter. The central location of the pixels after arranging these 

pixels in ascending order is called as the median. As an 

example, in a 5×5 window we pick up the thirteenth value in 

the ordered pixels after ascending arrangement. Median filter 

aims to change noisy pixels in such a way to be look like its 

nearby neighbours. Median filtering eliminates noise without 

blurring edges when the window size is small, but it also 

makes rooftop edges tabularize. The disadvantage of median 

filter is that high blurring in the image when large window 

size is implemented. Due to that we used median filter and 

Otsu noise removal in combination. 

 

B. k-means clustering algorithm 

1. Set the no of cluster K  

    2. Randomly assign K items from the list to K initial 

     Cluster     

3. Do  

a. Use the membership function to calculate difference 

between the item and   the center.  

b. Assign the item to the cluster whose centroid is the 

most similar to the item intensity. 

      c. Recalculate the centroid s whose cluster change     

because of the item removal or item adding  

 

  4. End while convergence achieved. 

 

C. Hough Transformation  

The Hough transform is a technique which is used to isolate 

features of a particular shape within an image. Because it 

requires that the desired features be specified in some 

parametric form, the classical Hough transform is most 

commonly used for the detection of regular curves such as 

lines, circles, ellipses, etc. A generalized Hough transform 

can be employed in applications where a simple analytic 

description of a feature(s) is not possible. Due to the 

computational complexity of the generalized Hough 

algorithm, we restrict the main focus of this discussion to the 

classical Hough transform. Despite its domain restrictions, 

the classical Hough transform retains many applications, as 

most manufactured parts contain feature boundaries which 

can be described by regular curves. The main advantage of 

the Hough transform technique is that it is tolerant of gaps in 

feature boundary descriptions and it is relatively unaffected 

by image noise. The Hough technique is particularly useful 

for computing a global description of a feature(s), given local 

measurements. We can use Hough transform to detect other 

features with analytical descriptions. For instance, in the case 

of circles, the parametric equation is                           

 

 

Binarization  

 

Input image 

 

Hybrid noise removal 

 

Clustering  

 

            Hough transformation 

 

 

                 Output image  
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                                                     (4) 

 

Where a and b are the coordinates of the center of the circle 

and r is the radius. In this case, the computational 

complication of the algorithm initiates to increase. We 

research with the Hough circle detector on raindrop image. 

One way of reducing the computation required to perform 

the Hough transform is to make use of gradient. 

 

 
 

Figure 2.Raindrops 

 

 
 

Figure.3.Hough circle detector 

 

IV. CONCLUSION AND FUTURE SCOPE 

In this paper we have presented a comprehensive review 

on raindrop detection and removal using k-means and Hough 

transformation. The k-means clustering algorithm results in 

highest correct clustering rate. Otsu and median filter noise 

removal algorithm, to remove the noise from image which is 

transformed by Hough transformation to get more filtered 

image with greater performance and to make resultant image 

more blur free. The future scope is all these basic functions 

can be derived from color gradient functional. These 

techniques can be further protracted to detect the other 

features of the detected regions which are useful for the 

image diagnosis. The future focus of this system is the 

resultant blurriness has to be removed. 

                                     

                                REFERENCES 

 
[1] M.Ramesh Kanthan, Dr.S.Naganandini Sujatha, ”Rain drop Detection 

and Removal using K-Means Clustering”, 2015 IEEE International 
Conference on Computational Intelligence and Computing Research, 

978-1-4799-7849-6/15,IEEE ,2015. 

[2] Shaodi You, Robby T. Tan, Rei Kawakami, Yasuhiro Mukaigawa, 
Katsushi Ikeuchi,” Adherent Raindrop Modelling, Detection and 

Removal in Video”, IEEE Transactions On Pattern Analysis And 

Machine Intelligence, Vol. 38, No. 9, September 2016 

[3] Dereck D Webster, “Automatic Rain Drop Detection for Improved 

Sensing in Automotive Computer Vision Applications”, M.Sc. Thesis., 

Cranfield University, 2014. 

[4] Martin Roser “Video-based raindrop detection for improved image 

registration” ICCV 2009.              

[5] R. G. Willson, M. Maimone, A. Johnson, and L. Scherr, “An optical 
model for image artifacts produced by dust particles on lenses,” 

Pasadena, CA, USA: Jet Propulsion Laboratory, National Aeronautics 

and Space Administration, 2005. 

[6] C. Zhou and S. Lin, “Removal of image artifacts due to sensor dust,” 

in Proc. IEEE Conf. Computes. Vis. Pattern Recog., 2007, pp. 1–8. 

[7] H.Kurihata,T.Takahashi,I.Ide,Y.Mekada,H.Murase,Y.Tamatsu, and T. 

Miyahara, “Rainy weather recognition from in-vehicle camera images 

for driver assistance,” in Proc. IEEE Intell. Vehicles Symp, 2005, 
pp.205–210. 

[8] D. Eigen, D. Krishnan, and R. Fergus, “Restoring an image taken 
through a window covered with dirt or rain,” in Proc. IEEE Int. Conf. 
compute. Vis., 2013, pp. 633–640. 

[9] Montero-Martinez, G., A. B. Kostinski, R. A. Shaw, and F. Garcia-
Garcia (2009), do all raindrops fall at terminal speed? Geophys .Res. 
Lett. 36, L11818, doi:10.1029/2008GL037111. 

[10] E. Villermaux and B. Bossa, “Single-drop fragmentation determines 
size distribution of raindrops,” Nature Physics, vol. 5, no. 9, pp. 697–
702, 2009. 

[11] C. Liu, J. Yuen, and A. Torralba, “Sift flow: Dense correspondence 
across scenes and its applications,” IEEE Trans. Pattern Anal. 
Machine Intell, vol. 33, no. 5, pp. 978–994, May 2011. 

[12] D.Y .Huang .T.-W. Linand W.-C. Hu, ”Automatic Multilevel 
Thresholding Based On Two-Stage Otsu's Method With Cluster 
Determination By Valley Estimation”, International Journal of 
Innovative Computing, Information and Control, ICIC International, 
vol.7, no.10, 2011, pp. 5631-5644. 

[13] N. Otsu, “A threshold selection method from gray-level histogram,” 
IEEE Transactions on System Man Cybernetics, vol. SMC-9, no.1, 
1979, pp. 62-66. 

[14] W. X.-ke and Z. Z.-qiang, “An Application of Multi-Thresholding Ostu 
Algorithm on Chromatic Image”, Computer Application, vol.26, 2006, 
pp.14-15. 

[15] Shaodi You, Robby T. Tan, Rei Kawakami el al, “Raindrop Detection 
and Removal from Long Range Trajectories”  CVPR 2014.  

[16] Shaodi You, Robby T. Tan , “Adherent Raindrop Detection and 
Removal in Video”, CVPR  2013   



   International Journal of Computer Sciences and Engineering                                      Vol.6(1), Jan 2018, E-ISSN: 2347-2693 

  © 2018, IJCSE All Rights Reserved                                                                                                                                        94 

Authors Profile 

 Miss. Sneha Kullarkar Received B. E.degree in 
Computer Science And Engineering from M.I.E.T 
Bhandarain 2015 and pursuing Masters in 
Technology    in Computer Science from Shri 
Ramdeobaba College of Engineering and 
Management, Nagpur and research interest include 
digital image processing and pattern recognition. 
Email:sneha1kullarkar@gmail.com 

 

Prof. Shweta V. Jain Received the Masters in 
Technology in Computer Science and Engineering 
from  Nagpur University in 2009 as a first merit 
holder. She is currently Assistant professor in 
computer science and engineering department at 
Shri Ramdeobaba College of Engineering and 
Management Nagpur. She has a total teaching experience of around 
13 Years. Her research interests include Pattern Recognition, 
Digital Image Processing and Machine Learning. Email: 
jains@rknec.edu   

 

                                                                                              

 

                                                                          

 

                                                                             

                                                                                        

 

 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


