ISSN: 2278 – 7798
International Journal of Science, Engineering and Technology Research (IJSETR)
Volume 5, Issue 4, April 2016

Noise Suppression and Enhancement of an
Extremely Low – Light Video
Jasmine K Mathew, Ajishya Liza Idiculla

Abstract — The two major characteristics of an extremely
low-light video is the Dynamic Range (DR) and Signal to Noise
Ratio (SNR). Here, enhancement and noise suppression of an
extremely low-light video is proposed. Three steps are included
in it. The first step is the denoising of extremely low-light video
using Kalman filter approach. The next step is the
enhancement of video using a Gamma correction technique.
Most of the low-light video noises are suppressed by Kalman
filtering. The remaining amplified noises are removed by Non
Local Means (NLM) filter. The output video of this proposed
work shows a better quality, denoised video with less
processing time.
Index Terms — Extremely low- light videos, Kalman Filter,
NLM filter, Tone Mapping.

I. INTRODUCTION
In electronics engineering, video processing is a
fundamental part of Signal processing. For video processing,
we consider the High Dynamic Range (HDR) videos for the
purpose of obtaining better results. Over the last several
decades, there have been substantial improvements in
modern digital cameras including its resolution and
sensitivity. Despite these improvements, quality of videos in
low-light conditions is still limited. Two considerable
characteristics of an extremely low-light video are poor
Dynamic Range (D.R) and very low Signal-to-Noise Ratio
(SNR). There are various techniques employed to increase
the dynamic range of an extremely low-light video. Most
commonly used enhancement technique is Dehazing
algorithm [2], [3], [17]. But, dehazing algorithm depends on
the atmospheric light and its transmission medium.
Estimation of transmission term in the hazy image
acquisition model by using dehazing algorithm becomes
unreliable in extremely lowlight conditions. Wavelet
coefficients [11] based video enhancement can also be used
for enhancement. But it has very high computational time.
Another enhancement technique is tone mapping [4], [5]
followed by a Gamma Correction. For obtaining a better
video output quality, Histogram Equalization (HE) [6], [10]
followed by gamma correction can be used.
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Several video denoising techniques are used in video
processing. Most commonly used video denoising technique
is Spatio-temporal filtering [7] and bilateral filtering [3],
[13], [17]. Spatio-temporal filter aims only the videos
slightly lower than the normal lighting conditions. Since this
method was not originally aimed to low-light video
enhancement task, some of the steps used, such as optical
flow and segmentation, may not provide reliable results with
low-light videos. Most of the denoising techniques require
more computational time. Recently, a three stage processing
scheme for denoising and enhancing dark videos was
proposed. It is a modified version of the well known nonlocal
means (NLM) filter [1],[5],[9],[10],[12],[18] for removing
noise in an input video before and after tone-mapping by a
logarithmic mapping function. A better denoised output for
extremely low-light video is provided by Kalman filter
approach [1], [10], and [16]. Kalman filtering is based on the
prediction and correction of video frames and most of the
video noises can be removed by this method. An extremely
low-light video can be enhanced efficiently by the use of
Gamma correction. Kalman filter and NLM filter can be used
to get a better denoised video output.
II. METHODOLOGY
From the surveys, it is clear that most of the video
denoising techniques require more computational time. A
better denoised output will be given by Kalman filter and
NLM filter. Similarly, tone-mapping provides a better
enhanced output. In this work, tone-mapping includes
gamma correction and histogram equalization. Most of the
video noises are removed by Kalman filter. The remaining
amplified noises are removed by NLM filter.
A. Block Diagram
The proposed work includes three steps. The diagrammatic
representation of the proposed work is given in Fig. 1.
B. Extremely Low Light Videos
Two major characteristics of low-light videos are high
level of noise (i.e., low SNR) and low dynamic range. Since
these characteristics influence mutually on both denoising
and tone mapping performances, they should be analyzed
deliberately before developing low-light video enhancement
technique. There are various kinds of noises present in a low
light image. They are shown in Fig. 2.
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will have a lower lux rating. In this work, consider the
illuminance value as 0.03 lux (Extremely low-light video).
Extremely
low-light video

Temporal Noise
Reduction

Tone-Mapping

Spatial Noise
Reduction
Fig. 1.Block diagram of the proposed method

Fig. 3. Histogram of an extremely low-light video frame.

b. Dynamic Range
Dynamic range of the video can be defined as the
difference between the lightest light and darkest dark which
can be seen in a photograph. Once our subject exceeds the
camera‟s dynamic range, then the darks become black blobs
and highpoints downpour to white. The extremely low-light
videos have a very limited dynamic range.

Fig. 2.Elements of camera noise [21]
From the Fig 2, it is clear that color phase noise is the
important noise present in the image. It is a random
fluctuation in the image caused by time domain instabilities
(jitter).In video and television, noise refers to the random dot
pixel pattern that is superimposed on the picture. As a result
of electronic noise, the „snow‟ that is seen with poor (analog)
television reception. Interferences and static are other forms
of noise, in the sense that they are unwanted, though not
random, which can affect radio and television signals. The
characteristics of extremely low-light video can be studied
from its histogram. For an example, extremely low light
video frame and its corresponding histogram is shown in Fig
3. Most of the pixels in an extremely low light video are
assigned to a very narrow region with low intensities. Also,
the shapes of histograms of each color channels are almost
identical. As the illumination level is decreased, the peak of
histogram moves towards the zero, thus it becomes an
“L-shape”.
a. Illuminance
In photometry, the total luminous flux incident on a
surface per unit area is referred to as the illuminance.
Illuminance calculation includes all light reaching the point
of measurement from an 180o hemisphere. The unit of
illuminance is lux. A camera with better low light capability

C. Temporal Noise Reduction
In this work, an effective motion adaptive temporal
filtering based on the Kalman filter approach is used as a
temporal noise reduction. Rudolf Emil Kalman had the idea
of Kalman filter for the first time in the year 1958. The
Kalman filter is a recursive predictive filter and it is based on
the use of state space methods and recursive algorithms. It
estimates the state of a dynamic system. This dynamic system
can be distributed by some noise, mostly assumed as white
noise. To improve the estimated state the Measurements are
used by the Kalman filters that are similar to the state but
disturbed as well. Kalman filter consists of two steps,
Prediction and Correction. In the prediction step, the state is
predicted with dynamic model. In the second step, it is
corrected with the observation model. The ongoing discrete
Kalman filter cycle. The measurement and update process of
Kalman filter is shown in the Fig. 4.

Fig. 4. . Meaurement and update of kalman filter time.
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The filter performance is listed below:
1. Initialization.
 Filter gain = G
 Noise variance estimate: = V
 Use the first image as the prediction seed
I -k = I k
 Use the variance estimate as the error seed
E -k = V
2. Correction.
 Compute the Kamlan Gain
Kk = E-k/ (E-k + V)
 Update the image prediction with the (Mk)
measurement
Ik = G*I-k + (1.0-G)*Mk + Kk (Mk-I-k)
 Update the variance estimate:
Ek=E-k (1-Kk)
3. Prediction.
 Predict the next image
I-k+1 = Ik
 Predict the variance:
E-k+1 = Ek
4. Update values.
E-k=E-k+1
I-k=I-k+1
5. Repeat 2, 3, and 4.
D. Tone Mapping
After the temporal noise is reduced, dynamic range of the
low-light video is required to be stretched for enhancing
visibility. For obtaining high dynamic range images, various
techniques are used. In this work, Histogram adjustment with
gamma correction is used.
a. Histogram Adjustment
Histogram equalization is a technique of contrast adjustment
by using the image‟s histogram. This method usually
increases the global contrast of several images, peculiarly
when the usable data of the image is represented by close
contrast values. Through this histogram adjustment, the
intensities of the images can be distributed preferably on the
histogram. This allows for areas of lower local contrast to
achieve a higher contrast. Histogram equalization
accomplishes this by effectively spreading out the most
frequent intensity values.
a. Gamma Correction
Gamma is an important but seldom understood
characteristic of virtually all digital imaging systems. It
defines the relationship between the numerical value of a
pixel and its actual luminance. Gamma correction is
explained by the power- law expression.
Vout = AVinᵧ

Fig. 5. Concept of Histogram Equalization.
Where A is a constant and in the common case, A = 1,
inputs and outputs are typically in the range 0-1. A gamma
value < 1 is called gamma compression. Conversely a gamma
value > 1 is called gamma expansion.
E. Spatial Noise Reduction
A large amount of noise can be removed by temporal noise
reduction technique. The remaining noise can be
exaggerated by the tone-mapping step. Unlike any other
video enhancement techniques that utilize a spatiotemporal
filter, the proposed method only applies a temporal filter for
noise removal before the tone mapping step. Therefore, an
additional filtering in spatial domain is desired to reduce
remaining noise. The spatial domain filtering is done by
NLM filter. It builds on the separable property of
neighborhood filtering to offer a fast parallel and vectorized
implementation. In practice, the NLM approach is much
faster than a serial, non vectorized implementation and it
scales linearly with image size. Practical attempts of coding
NLMeans filter have led to slow implementations. Depart
from the sliding window scheme typically adopted by
neighborhood filtering implementations and resort on more
sophisticated ideas leading to a faster implementation. The
NL-means schemes grow fast when an image contains many
repetitive structured patterns. It uses redundant information
to limit the noise by performing a weighted average of pixel
values. Assume, images are defined over a discrete regular
grid of dimension„d‟. Denote the original noisy image by „v‟.
The value of the restored image „u‟ at a sight s”.

u(s)=

1
 w(s,t)v(t)
z(s) tÎN(s)

(2)

w(s,t)=gh (Sdx (s+P)-Sdx (s-P)) (3)
Where, gh is a continuous non –increasing function , Sdx
corresponds to the discrete integration of the squared
difference of the image „v‟ and its translation by „dx‟ , „P‟ is
the patch and „s‟ is the site of an image.

(1)
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III. PERFORMANCE EVALUATION
Where, H () is the entropy of images A and B, H (A, B) is
the
Joint entropy.
To evaluate quantitative performance of denoising and
enhancement method, some full-reference image quality
IV. EXPERIMENTAL RESULTS
metrics are used. A reference video frame under 80 lux is
used for computing evaluation index. The Peak Signal-toFor the performance evaluation of the work, extremely
Noise Ratio (PSNR), Global Contrast Factor (GCF), Mutual
Information (MI) and the processing time are evaluated in low-light video captured in the dark room and outdoor are
considered. The illumination level of the input is 0.03 lux
this work.
(Below 0.1 lux).
A. Peak Signal – to- Noise Ratio
PSNR is the ratio between the maximum possible power of
a signal and the power of corrupting noise that affects the
fidelity of its representation. PSNR is most easily defined via
the Mean Squared Error (MSE). Given a noise-free m × n
monochrome image „I‟ and its noisy approximation „K‟,
MSE is given by,
Fig. 6. (a) Frame of indoor video (b) Frame of outdoor video

2

1 m-1 n-1
MSE=
[I(i,j)-K(i,j)]
mn i=0 j=0

MAX I 2
PSNR=10log10
MSE

(4)
A. Temporal Noise Reduction

(5)

B. Global Contrast Factor
Contrast in image processing is usually defined as a ratio
between the darkest and the brightest spots of an image. GCF
[20] uses contrasts at various resolution levels in order to
compute overall contrast. GCF measures richness of detail as
perceived by a human observer.
N

GCF=  Wi ×ci

(6)

i=1

Where „i‟ is the corresponding enhanced pixel, „N‟ is the
number of iterations is the weight factor and „c‟ is the
average local contrast. The average local contrast can be
written as (7).

ci =

1
W×h

Temporal noise reduction is done by Kalman filter. It is
based on prediction and correction of video frames. Before
denoising the video, the input frames are converted to gray
scale. Initially, there is no previous frame to predict. So, the
first frame itself is considered as the predicted and noisy
frame.
B. Tone Mapping
Tone-mapping includes Gamma correction and histogram
equalization. The input videos are under extremely low-light
condition. Its Dynamic Range is limited and has less PSNR.
The enhanced video frames and their corresponding
histograms are shown in Fig. 7 and Fig. 8.

w×h

 lc

i

(7)

i=1

Where, „w‟ is the pixel width, „h‟ is the pixel height and
„lci‟ is the local contrast.

lci 

|Li -Li-1|+|Li -Li+1|+|Li -Li-w |+|Li -Li+w |
(8)
4

Fig. 7. Enhanced frame of indoor video

C. Mutual Information
The mutual Information (MI) [19] between two variables
is a concept with roots in information theory and essentially
measures the amount of information that one variable
contains about other.
MI = H (A) + H (B) - H (A, B)

(9)
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Table2. Quantitative Performance Evaluation of Outdoor
Video
Matric
Indoor Video
PSNR

25.7600

MI

0.2235

GCF

1.4428

Processing
Time(s/frames)

7.37

Fig. 8. Enhanced frame of Outdoor video.
V. CONCLUSION
C. Spatial Noise reduction
The spatial noise reduction is done by using NLM filter.
Since, Non Local Means filtering requires more
computational time. But in this work, NLM filtering
consumes very less computational time

Fig. 9. Output indoor video frame

In this work, the characteristics of low-light videos
captured in an extremely low light condition are analyzed.
The proposed method consists of a denoising technique and
an enhancement technique. The extremely low-light videos
have very limited PSNR and dynamic range. By applying
Kalman filter approach, it removes most of the noises from
the video. The enhancement technique is done by tone
mapping approach. Tone Mapping includes a gamma
correction and histogram equalization. Most of the noises are
removed from the video by Kalman filter. The remaining
amplified noises are removed by NLM filter approach. The
experimental results shows that, the output video of the
proposed work have high PSNR and a noticeable
enhancement. Also, the computational time is very less.
Extremely low-light video denoising and enhancement is
based on uncompressed videos. It uses two filters namely
Kalman filter and NLM filter for denoising. A PSNR of 25
can be obtained by this method.
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Fig. 10. Output outdoor video frame.

Table 1. Quantitative Performance Evaluation of Indoor
Video
Matric
Indoor Video
PSNR

25.72143

MI

0.1169

GCF

2.2450

Processing
Time(s/frames)

7.97

I would like to express my deepest gratitude to my guide
Mrs.Ajishya Liza Idiculla, Assistant Professor at College of
Engineering, Poonjar, for her guidance and support. I would
also like to thank my colleagues for devoting their time in
discussing ideas with me and giving their invaluable
feedback. Special thanks to Mr.Dubok Park, David K Han,
and Hanseok Ko, the authors of the IEEE paper “A novel
Approach for Denoising and Enhancement of an extremely
low light video” for providing me the extremely low light
video databases. I would like to dedicate this thesis to my
amazingly loving and supportive parents who have always
been with me, no matter where I am.

REFERENCES
[1]

[2]

Minjae Kim, Dubok Park, David K. Han and Hanseok Ko “A novel
approach for denoising and enhancement of extremely low-light video”
IEEE Transactions on Consumer Electronics, Vol. 61, No. 1, February
2015 contributed paper.
X. Dong, G. Wang, Y. Pang, W. Li, J. Wen, W. Meng, and Y. Lu, “Fast
efficient algorithm for enhancement of low lighting video” ,in Proc. IEEE
International Conference on Multimedia and Expo, Barcelona, Spain, pp.
1-6, Jul. 2011.

1115
All Rights Reserved © 2016 IJSETR

ISSN: 2278 – 7798
International Journal of Science, Engineering and Technology Research (IJSETR)
Volume 5, Issue 4, April 2016
[3]

[4]

[5]

[6]

[7]

[8]
[9]

[10]

[11]

[12]
[13]
[14]

[15]

[16]
[17]

[18]
[19]
[20]

[21]

X. Zhang, P. Shen, L. Luo, L. Zhang, and J. Song, “Enhancement and
noise reduction of very low light level images” in Proc. International
Conference on Pattern Recognition, Tsukuba, Japan, pp. 2034-2037,
Nov. 2012.
D. Park, D. K. Han, and H. Ko, “Single image haze removal with
WLS-based edge preserving smoothing filter”, in Proc. IEEE
International Conference on Acoustics, Speech, and Signal Processing,
Vancouver, Canada, pp. 2469- 2473, May. 2013.
Q. Xu, H. Jiang, R. Scopigno, and M. Sbert, “A new approach for very
dark video denoising and enhancement” ,in Proc. IEEE International
Conference on Image Processing, Hong Kong, China, pp. 1185-1188,
Sept. 2010
S. Pizer, E. Amburn, J. Austin, R. Cromartie, A. Geselowitz, T. Geer, B.
H. Romeny, J. Zimmerman, and K. Zuiderveld,“Adaptive histogram
equalization and its variations”, Comput. Gr. Image Process, vol. 39, no.
3, pp. 355-368, Sept. 1987.
S. W. Lee, V. Mail, J. Jang, J. Shin, and J. Paik, “Noise-adaptive
spatio-temporal filter for real-time noise removal in low light level
images”, IEEE Trans. Consumer Electron., vol. 51, no. 2, pp. 648-653,
May. 2005.
E. Bennett and L. McMillan, “Video enhancement using per-pixel virtual
exposures”,ACM Trans. Graphics, vol. 24, no. 3, pp. 845-852, Jul. 2005.
Y. Han and R. Chen, ”Efficient video denoising based on dynamic
nonlocal means,” Image and Vis Compute., vol. 30, no. 2, pp. 78-85, Feb.
2012.
M. Kim, D. Park, D. K. Han, and H. Ko, “A novel framework for
extremely low-light video enhancement”, in Proc. IEEE International
Conference on Consumer Electronics, Las Vegas, USA, pp. 95-96, Jan.
2014.
A. Loza, D. Bull, and A. Achim, “Automatic contrast enhancement of
low-light images based on local statistics of wavelet coefficients”, in Proc.
IEEE International Conference on Image Processing, Hong Kong, China,
pp. 3553-3556, Sept. 2010.
A. Buades, B. Coll, and J. Morel, “Nonlocal image and movie denoising”
,int. J. of Compt. Vis., vol. 76, no. 2, pp. 123-139, Feb. 2008.
C.Tomsi, R.Manduchi “Bilateral filtering for Gray and Color Images”,
IEEE international Conf.on Comp.Vision, 1998.
C. Lee, J. Kim, C. Lee, and C. Kim, “Optimized brightness compensation
and contrast enhancement for transmissive liquid crystal displays”, IEEE
Trans. Circuits Syst. Video Techn., vol. 24, no. 4, pp. 576-590, Apr.
2014.
A. R. Rivera, B. Ryu, and O. Chae, “Content-aware dark image
enhancement through channel division” ,IEEE Trans. Image Process.,
vol. 21, no. 9, pp. 3967-3980, Sept. 2012
Greg Welch and Gary Bishop,”An introduction to the Kalman
filter”,UNC chapter hill, TR 95-041,July 24,2006
Xiangdong Zhang, Peiyi Shen, Lingli Luo, Liang Zhang, Juan Song
“Enhancement and Noise Reduction of Very Low Light Level Images”
21st international Conference on Pattern Recognition (ICPR 2012)
November 11- 15, 2012. Tsukuba, Japan.
Jerome Darbon, Alexandre Cunha, Tony F. Chan, Stanley Osher, Grant J.
Jensen “Fast nonlocal filtering applied to electron cryomicroscopy” .
Daniel Russakoff, Carlo Tomasi, Torsten Rohlfing, and Calvin R Maurer
“Image similarity using Mutual information of regions”.
Kresimir Matkovic, Laszlo Neumann, Attila Neumann, Thomas Psik and
Werner Purgathofer “Global contrast factor-a new approach to image
contrast.” computational Aesthetics in Graphics, Visualization and
Imaging 2005.
Seong-Won Lee, Vivek Maik , Jihoon Jang, Jeongho Shin, and Joonki
Paik “Noise-Adaptive Spatio-Temporal Filter for Real-Time Noise
Removal in Low Light Level Images”, IEEE Transactions on Consumer
Electronics, Vol. 51, No. 2, May 2005.

1116
All Rights Reserved © 2016 IJSETR

