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Abstract

Affected by the bad weather, the images obtained by outdoor visual systems
always degrade. Rain is one of the common bad weather. At home and abroad,
there are some solutions about removal of rain, but most of it aims to videos. It
can’t apply to single image since no temporal information can be obtained.
Recently, the study of rain removal from a single image gradually receive more
attention. However, the existing methods can’t meet the demand of practical
application. Because it makes a trade off between rain removal and image
sharpness, and it has low computing efficiency.

Therefore, this paper proposes three new methods tc remove the rain streaks in
a single image based on variational method and convolutional neural network, the
main study content and results are as follows:

1. Removing rain from a single image method via gradient regularization was
proposed. A guided smoothing filter is designed, which can simply remove rain.
The filter introduces gradient regularization, which make the filter smooth the
input image according to the gradient magnitude of guided image. The final
refined result is obtained by minimization operation between the input image and
the coarse rain-free image.

2. Removing rain from a single image method via gradient modification is
proposed. It puts forward a new energy function aiming the problem of loss
information. The method assumes that rain is contained in horizontal gradient. So
the sum of the vertical gradient and the smoothing horizontal gradient by guided
filter can be a modified gradient. A new energy function is proposed using the
modified gradient. The function can be solved with variational method, which can
keep more details.

3. Removing rain from a single image method via CNN is proposed. The

existing methods of single image rain removal only analyze the feature in a small



area. So it will make a trade off between keeping detail and rain removal. Deep
learning can imitate human cerebral cortex. So it can extract high-level semantic
from image, and extract corresponding feature according weight. As a result, this
paper introduces convolutional neural network. It can get a filtering system which
is suitable for removing rain by nonlinear mapping. This method can achieve good
comprehensive effect in keeping detail and rain removal.

4. An image dataset is established to train convolutional neural network. In
order to train convolutional neural network, artificial rain images are formed by
screen blend model. And a dataset of clean/rain image pairs is established. The
related experiments show that the network trained by this dataset is still valid for

nature rain image.

Keywords: removing rain from single image; variational method; Convolutional

Neural Network; deep learning



SE5H

[1]00 0 GonzalezRC,WoodsRED .00 000000 OODO.000,00000.0000000
00d0d,2008:1-2.

[2]Narasimhan S G, Nayar S K. Contrast restoration of weather degraded images[J]. IEEE Transactions on
Pattern Analysis & Machine Intelligence, 2003, 25(6):713-724.

[3]Narasimhan S G, Nayar S K. Vision and the Atmosphere[J]. International Journal of Computer Vision, 2002,
48(3):233-254.

[4]Garg K, Nayar S K. Detection and removal of rain from videos[C]. IEEE Computer Vision and Pattern
Recognition, 2004, 1: 1-528-1-535.

[5]Tian H, Li W, Ogunbona P, Wang L. Single image smoke detection[C]. Asian Conference on Computer
Vision. 2015:87-101.

[6]He K, Sun J, Tang X. Single image haze removal using dark channel prior[C]. IEEE Computer Vision and
Pattern Recognition, 2011, 33:2341— 2353.

[71He K, Sun J, Tang X. Single image haze removal using dark channel prior[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2011, 33(12): 2341-2353.

[8]1Tang K, Yang J, Wang J. Investigating Haze-Relevant Features in a Learning Framework for Image
Dehazing[C]. IEEE Computer Vision and Pattern Recognition, 2014:2995-3002.

[9]1Marshall J S, Palmer W M K. The distribution of raindrops with size[J]. Journal of meteorology, 1948, 5(4):
165-166.

[10]Foote G B, Du Toit P S. Terminal velocity of raindrops aloft[J]. Journal of Applied Meteorology, 1969, 8(2):
249-253.

[11]Starik, S., Werman, M. Simulation of rain in videos[C], In: Proceedings of Texture: the 3rd International
Workshop on Texture Analysis and Synthesis, 2003, 2:406-409.

[12]Zhang X, Li H, Qi Y, Leow W K, Ng T K. Rain removal in video by combining temporal and chromatic
properties|[C]. IEEE International Conference on Multimedia and Expo, 2006: 461— 464.

[13]Zhao X, Liu P, Liu J, et al. The application of histogram on rain detection in video[C], Proceedings of the
11th Joint Conference on Information Sciences. 2008.

[14]1Zhou M, Zhu Z, Deng R, et al. Rain detection and removal of sequential images[C], IEEE Control and
Decision Conference (CCDC), 2011 Chinese, 2011: 615-618.

[15]Krishnan S, Venkataraman D. Restoration of video by removing rain[J]. International Journal of Computer
Science, Engineering and Applications, 2012, 2(2): 19.

[16]Garg K, Nayar and S K. When Does a Camera See Rain[C]. IEEE International Conference On Computer
Vision, 2005, 2:1067-1074.

[17]Garg K and Nayar S K. Vision and rain[J]. International Journal of Computer Vision, 2007, 75(1):3-27.
[18]Brewer N, Liu N. Using the shape characteristics of rain to identify and remove rain from video[M].
Springer Berlin Heidelberg: Structural, syntactic, and statistical pattern recognition, 2008: 451-458.

[19]Barnum P C, Narasimhan S, Kanade T. Analysis of rain and snow in frequency space[J]. International
Journal of Computer Vision, 2010, 86(2-3):256— 274.

[20]1Bossu J, Hauti'ere N, Tarel J P. Rain or snow detection in image sequences through use of a histogram of
orientation of streaks[J]. NCV, 2011, 93(3):348— 367.

[21]Santhaseelan V, Asari V K. Utilizing local phase information to remove rain from video[J]. NCV, 2014,
112(1):71-89.

[22]Kim JH, SimJ Y, Kim C S. Video deraining and desnowing using temporal correlation and low-rank matrix
completion[J]. IEEE Transactions on Image Processing, 2015, 24(9): 2658-2670.

[23]Tomasi C, Manduchi R. Bilateral filtering for gray and color images[C], IEEE International Conference on
Computer Vision, 1998:839-846.



[24]Elad M, Aharon M. Image denoising via sparse and redundant representations over learned dictionaries[J],
IEEE Trans. on Image Process. , 2007, 15(12):3736-45.

[25]Buades A, Coll B, Morel J M, Nonlocal image and movie denoising[J]. International Journal of Computer
Vision, 2008, 76(2):123-139.

[26]Dong W, Li X, Zhang L, Shi G. Sparsity-based image denoising via dictionary learning and structural
clustering[C]. IEEE Conference on Computer Vision & Pattern Recognition, 2011:457-464.

[27]He K, Sun J, Tang X. Guided image filtering[M]. Computer Vision— ECCV 2010: Springer, 2010, 1-14.
[28]He K, Sun J, Tang X. Guided image filtering[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence , 2013, 35(6):1397-409.

[29]Huang D A, Kang L W, Wang Y C F, Lin C W. Self-learning based image decomposition with applications
to single image denoising[J]. IEEE Trans. on Multimedia, 2014, 16(1): 83-93.

[30]Fu Y H, Kang L W, Lin C W, et al. Single-frame-based rain removal via image decompasition[C]. 2011
IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP), 2011, 1453-1456.
[31]Kang L W, Lin C W, Fu Y H. Automatic single-image-based rain streaks removal via image
decomposition[J]. IEEE Trans. Image Process., 2012, 21(4):1742— 1755.

[32]Chen DY, Chen C C, Kang L W. Visual depth guided image rain streaks removal via sparse coding[C].
2012 International Symposium on Intelligent Signal Processing and Communications Systems (ISPACS), 2012:
151-156.

[33]Dalal N, Triggs B. Histograms of oriented gradients for human detection [C]. IEEE Conference on
Computer Vision & Pattern Recognition, 2005, 1:886-893.

[34]Chen DY, Chen C C, Kang L W. Visual depth guided color image rain streaks removal using sparse
coding[J]. IEEE Transactions on Circuits and Systems for VVideo Technology, 2014, 24(8): 1430-1455.
[35]Starck J L, Elad M, Donoho D L. Image decomposition via the combination of sparse representations and a
variational approach[J]. IEEE Transactions on Image Processing, 2005, 14(10):1570— 1582.

[36]Xu J, Zhao W, Liu P, Tang X. Removing rain and snow in a single image using guided filter[C]. 2012 IEEE
International Conference on Computer Science and Automation Engineering (CSAE), 2012, 304-7.

[37]1Xu J, Zhao W, Liu P, Tang X. An Improved Guidance Image Based Method to Remove Rain and Snow in a
Single Image[J]. Computer & Information Science, 2012, 5(3): 49.

[38]Chen Y L, Hsu C T. A Generalized Low-Rank Appearance Model for Spatio-temporally Correlated Rain
Streaks[C]. 2013 IEEE International Conference on Computer Vision (ICCV), 2013; 1968-1975.

[39]Kim JH, Lee C, SimJ Y, Kim C S. Single-image deraining using an adaptive nonlocal means
&#64257;Iter[C]. IEEE International Conference on Image Processing, 2013: 914-917.

[40]Aharon M, Elad M, Bruckstein A M. The K-SVD: An algorithm for designing of overcomplete dictionaries
for sparse representation[J]. IEEE Transactions on Signal Processing, 2006, 54(11):4311-4322.

[41]Bobin J, Starck J L, FadiliJ M, Moudden Y, Donoho D L. Morphological component analysis: An adaptive
thresholding strategy[J]. IEEE Transactions on Image Processing, 2007, 16(11):2675-81.

[42]Fadili J M, Starck J L, Elad M, Donoho D L. MCALab: Reproducible research in signal and image
decomposition and inpainting [J]. IEEE Computing in Science & Engineering, 2010, 12(1):44-63.
[43]MAIRAL J, Bach F, Ponce J, et al. Online dictionary learning for sparse coding[C]. Proceedings of the 26th
Annual International Conference on Machine Learning. ACM, 2009: 689-696.

[44]Mallat S, Zhang Z. Matching pursuits with time-frequency dictionaries [J]. IEEE Transactions on Signal
Processing, 1994, 41(12):3397 - 3415.

[45]Xu L, Lu C, Xu Y, et al. Image smoothing via L0 gradient minimization[C]. SIGGRAPH Asia Conference,
2011.

[46]Luo Y, Xu Y, Ji H. Removing Rain From a Single Image via Discriminative Sparse Coding[C]. IEEE
International Conference on Computer Vision. 2015: 3397-3405.

[47]1Zzhou W, Alan Conrad B, Hamid Rahim S, et al. Image quality assessment: from error visibility to structural
similarity[J]. IEEE Transactions on Image Processing, 2004, 13(4):600 - 612.



[48]Eigen D, Krishnan D, Fergus R. Restoring an imagetaken through a window covered with dirt or rain [C].
IEEE International Conference on Computer Vision, 2013: 633-640.

[49]Schaefer G, Stich M. UCID: an uncompressed color image database[J]. Proceedings of SPIE - The
International Society for Optical Engineering, 2004, 5307:472-480.

[50]Larochelle H, Bengio Y, Louradour J, et al. Exploring strategies for training deep neural networks[J]. The
Journal of Machine Learning Research, 2009, 10: 1-40.



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



