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Abstract

This paper presents a video adaptive enhancement method based on Retinex illumination theory.
The bidirectional equalization algorithm is adopted to make the gray distribution more uniform
and to suppress the noise to a certain extent. The self-adaptive enhancement function stretches the
radiation component and the overall component and improves the global and local visual effects.
In the splicing process of the reflection component, the self-adaptive weighted method is effective
to solve the fuzzy block effect, and the introduction of the similarity between frames validly
improves the processing efficiency of the algorithm. Experiments have demonstrated that the
proposed method can effectively deal with low-contrast video, and the enhancement effect is
obvious, fast and effective.
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1. Introduction

In space cooperation, a substantial amount of information needs to be taken from the image
information of the moving objects in the video. In particular, in the final stage of spatial
cooperation, the relative position information between the subsystems should be acquired by CCD
and other sensors. The acquisition, transmission, processing efficiency and quality of the moving
target images play a vital role in accurately capturing the position, velocity and attitude information
of moving objects and guaranteeing the smooth reoccurrance of the target movement in space
cooperation (Caspi et al., 2006). But in reality, physical devices, shooting ambient light and other
objective circumstances will lead to underexposure in some areas of pictures and videos, thereby
seriously affecting the quality of the video. These data is often not able to be directly used for post-
processing, and contrast enhancement technology can address this problem (Shechtman et al.,
2012). The traditional methods include histogram equalization algorithm, logarithmic stretching
algorithm and the derivative methods of these algorithms (Liu and Sun, 2011; Protter et al., 2009).
The parameter setting of these algorithms or an excessive number of users cause difficulties in
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practice and a limited practicality of the algorithms. In recent years, Retinex lighting theory has
been proposed and applied to enhance contrast, and favorable results are achieved (Chen and
Lorenz, 2012). The algorithm proposed in this paper builds on the Retinex, the logarithmic
extensional theory and the statistical information of image gray scale, automatically adjusts the
method parameters, applies the similarity between video frames to make better use of pre-
information, and improves the processing efficiency. The improved logarithmic tensile processing
protects and effectively enhances the detailed information in the underexposed area without over-
enhancement, and validly elevates the quality of the video.

2. RETINEX Lighting Theory

Land has introduced Retinex theory as a human visual system (HVS) to explain color constancy.
Human visual model is sensitive to the reflection information on the target surface (Tomasi et al.,
2012). The proposed model expresses the image as the product of each pixel of the irradiation
component and the target component. Retinex’s formulaic description of the image is as below.

(X, ) =L(X, ¥) *RX, Y) 1)

In the formula, S(X,y) represents the image received by the camera. L(x,y) indicates the illuminated
light. R(x,y) signifies the reflection characteristic of the object itself.

According to Retinex theory, the light information received by human eyes is the product of the
irradiation component and the reflection component. The intensity of the light will affect the light
and shade of the entire image, and the original appearance of the scene is determined by the
reflection characteristics (Kim, 1997). The purpose of this theory is to estimate the radiation
component according to the received image, remove it and derive the reflection component, so as
to restore the original appearance of the scene. In general, the obtained image is subjected to
Gaussian convolution to obtain the irradiation component. Its Gaussian kernel function is as
follows:

X2 +y2
2*o?

) 2

F(x,y)=C*exp(-

Specifically, o is the scale of the convolution function and C satisfies JJ F ¢« y)dxdy =1,
In the end, reflection component is calculated as follows:

log R(x, y) =log S(x, y) —log S(x, y) *F (X, y) (3)

Where * is the convolution calculation. Formula (3) is taken exponentially to obtain the reflection
component R(X, y).

3. Propose the Video Contrast Enhancement Algorithm

In this paper, the Retinex enhancement method is improved, and a logarithmic stretching method
is introduced in the process of solving the reflection component. Also, a video adaptive contrast
enhancement algorithm is proposed.

e Improved Bidirectional Equalization Algorithm
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The essential feature of bidirectional equalization algorithm is that the pixels can be uniformly
spread on [0,255]. Its basic idea is to calculate the non-zero grayscale in the grey level histogram,
and the number of the obtained actual gray levels is Ne. Subsequently, grayscale is sorted and
arranged in an evenly spaced way within the range of [0.255]. The conversion function is as
follows:

T, = i*22 2012,k (4)
Ne

However, the disadvantage of bi-directional equalization is the method of calculating the non-zero
gray level. As long as the number of pixels in the gray scale is not zero, it should be taken into
account. In this way, when the variation range of grayscale is large, the pixels cannot be well
uniformly spaced with good adaptability. Therefore, in this paper, when the non-zero gray level is
counted, the threshold Nr is set, which will be taken into account only in the case of Ni>Nr. If the
number of pixels is less than the threshold value Nr, they are directly discarded, and the algorithm
will filter noise points to a certain extent at the same time.

e Improvements to the Retinex Method

The Retinex contrast processing method abstracts the image information into an illumination
model and a reflection model. The acquisition of the illumination model can be approximated by
the convolution of the image. Because Gaussian filter emphasizes the boundaries between those
regions that are in a relatively gradual variation, which is practical in a number of applications.
Therefore, Gaussian low-pass filter is applied to make an approximate evaluation on the irradiation
component. Furthermore, the reflection component is derived from the irradiation component.

In order to make the image have a better contrast, it is necessary to correct the irradiation
component and to enhance the tensile image grayscale that is self-adaptable to the function (Wang
et al., 1999). The selected nonlinear function is

0 i<L—k*R (5)
'_ _ *
i—(L—k*R) L-k*R<i<L+k*R

2k*R

1 i>L+k*R

F(i)=

In the formula, L and R represent the mean value and the standard deviation value of the gray scale,
respectively. This form of transformation can make the image gray value reach the maximum
stretching effect near its mean value, and also can avoid the phenomenon of over-enhancement
while ensuring the colors.

Reflection component indicates the details of the image, so adjusting the value of the reflection
component can enhance the local details of the image. Since a very large or very small value of
the pixel corresponds to the sharp region of the images, these areas generally produce better visual
effects. The reflection components of the transformed flat area r should be adjusted, and the values
of the flat areas are relatively close. The degree of adjustment of reflection component is not
uniform. The following enhancement function satisfies the requirement as below.
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Specifically, e1=min(r); e2=max(r); t=(el+el)/2. These parameters can be calculated according to
the gray value of the image, so its adaptability is stronger.

In the splicing process of reflective component, due to the size difference of the gray value of the
local pixel, the enhanced image demonstrates a significant fuzzy block effect. Therefore, in the
process of splicing, the self-adaptive weight matrix is applied to elevate the proportion of the pixel
gray value approximating the average gray value. These pixels represent the ideal pixels in the
local area, so the application of this method eliminates the impact of gray difference and achieves
the purpose of weakening block effect.

e Frame-to-frame Difference Method Locally Adjusts the Brightness of Motion Area

Concerning video enhancement, frame-to-frame information can also be adopted to increase image
brightness. An algorithm based on the adjacent frame difference is often used to detect the moving
image sequence and the moving target, which is applied to brightness processing to determine the
similarity of the adjacent frames (Fayad et al., 2002). The basic principle of the adjacent frame
difference method is to subtract the gray values of the pixels corresponding to two adjacent frames.
In case of a small change in the ambient brightness, if the difference of the corresponding pixel
gray-scale is quite small, the scene is regarded to be still; if the gray scale of some image region
largely changes, it is regarded to be caused by the moving objects in the image (Gonzalez and
Wintz, 1992). Its outstanding features include simple implementation and fast operation, and the
detection effects are favorable in most cases. It is often adopted in occasions that hold relatively
high real-time requirements. In terms of the two consecutive frames in the image sequence, the
image correlation is fairly strong, thereby introducing the related concepts of frame-to-frame.

>0, -0, 1) @)
R= —— —2
(ZZ(MM _Ii) *ZZ(Ijmn _Ij) )]J2

In the formula, I is the mean value of each frame. Ii and j are the images of two different frames.
A larger value of R indicates a higher similarity of two frames of images.

In this paper, if the correlation of two consecutive frames is very high, it states that they hold a
high consistency in time and space, and there exists a corresponding relation between the adjacent
two frames in terms of brightness. On the other hand, it indicates a low similarity, incoherent
motion and a little corresponding relation of brightness. Therefore, similar thresholds are set.
When the threshold is exceeded, it is considered that the similarity of the adjacent two frames is
high, and the processing result of the previous frame can be regarded as the result of that of the
previous frame, which effectively boosts the processing efficiency of the video.
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4. Experimental Results and Analysis

The videos employed in the experiment respectively demonstrate the spacecraft and the standard
library. The above-proposed improvement method is adopted to process the videos. In the
convenience to illustrate the experiment results, only the processing effect of some frames is
demonstrated, and the traditional HE and zm_Retinex methods are applied for a comparative
analysis. The processing results are indicated in the following figure.

The 13-th Frame The 25-th Frame The 47-th Frame
Figure 1: Spacecraft sequence

s - TRy -t B~ ~ -r L

Figure 2': HE enhancemént algorithm

Figure 3: zm_Retinex enhancement method

The 263-th Frame The 272-th Frame The 344-th Frame
Figure 5: Standard video
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Figure 7: zm_Retinex enhancement method

Figure 8: Method in this paper

The experimental results show that the method proposed in this paper produces a better
enhancement effect than zm_Retinex and HE. According to the two comparison experiments, HE
method has a wide range of obvious over-enhancement, overly bright image on the whole and
seriously distorted colors. At the same time, it is indicated that the enhancement effect of
zm_Retinex is much better than that of HE, but the local fuzzy block effect occurs in the processing
results and the image color is distorted while the brightness is raised. This proposed method
suppresses noise amplification by means of the bidirectional equalization algorithm, and the self-
adaptive enhancement function elevates the overall brightness while improving the local detail
information and the adaptive splicing strategy of the reflection component. The fuzzy block effect
of Retinex is overcome, and the enhancement effect of the image is more apparant. In the two
groups of contrast experiments, subjectively speaking, it is clearly seen that the enhanced results
in this paper generate richer details, more clear images, better color and better visual effects.

In terms of an objective evaluation on the indicators, the information entropy indicators in Table
1 and Table 2 clearly illustrate that the values in this paper are higher than that of HE and
zm_Retinex, indicating that the reconstructed image has more clear details. As far as the brightness
indicator is concerned, zm_Retinex has a slightly higher value than this proposed method, which
is caused by the over-enhancement in the zm_Retinex method. Considering the standard deviation
indicator, the method of this paper generates a more even gray distribution in the image than
zm_Retine, with more vivid colors and more clear visual effects. As a result of this method, a bi-
directional equalization strategy and a self-adaptive enhancement function are applied to remove
the influence of fuzzy blocks.

Table 1: Comparisons of Spacecraft Contrast Enhancement Indicators (25 frames

Brightness enhancement method | Lightness | Standard deviation | Entropy
Original image 128.3880 |10.8176 7.1440
HE 180.6242 |10.6794 7.2429
zm_Retienx 161.6064 |10.5296 7.4001
Algorithm in this paper 159.6967 |11.0007 7.5738
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Table 2: Comparisons of Standard Library Contrast Image Enhancement Indicators (263 frames)
Brightness enhancement method Lightness Standard deviation Entropy
Original image 24.0348 3.3557 3.4138
HE 82.6994 10.4679 3.3750
zm_Retinex 64.8701 2.2292 3.4446
Algorithm in this paper 63.7699 3.9670 4.0702

5. Conclusions

This paper has proposed a video contrast enhancement method based on Retinex, and the
bidirectional equalization algorithm makes the gray distribution of the image more uniform, and
threshold setting removes the impact of noise to a certain extent. On the basis of Retinex theory,
the self-adaptive tensile enhancement is respectively conducted on irradiation component and
reflection component, thereby upgrading the overall brightness and enhancing the quality of local
details. In the splicing process of the reflection component, a self-adaptive threshold matrix is
introduced to eliminate the fuzzy block effect of Retinex, and the visual effect of the enhanced
image effect is better. In the process of video processing, the similarity between frames greatly
improves the efficiency of the algorithm and provides space cooperation with high-quality video
data.
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