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Abstract: This paper proposes a new approach for enhancing digital images based on red channel 
information, which has the most analogous characteristics to invisible infrared rays. Specifically, a 
red channel in RGB space is used to analyze the image contents and improve the visual quality of 
the input images but it can cause unexpected problems, such as the over-enhancement of reddish 
input images. To resolve this problem, inter-channel correlations between the color channels were 
derived, and the weighting parameters for visually pleasant image fusion were estimated. Applying 
the parameters resulted in significant brightness as well as improvement in the dark and bright 
regions. Furthermore, simple contrast and color corrections were used to maintain the original 
contrast level and color tone.  The main advantages of the proposed algorithm are 1) it can improve 
a given image considerably with a simple inter-channel correlation, 2) it can obtain a similar effect 
of using an extra infrared image, and 3) it is faster than other algorithms compared without artifacts 
including halo effects.  The experimental results showed that the proposed approach could produce 
better natural images than the existing enhancement algorithms. Therefore, the proposed scheme 
can be a useful tool for improving the image quality in consumer imaging devices, such as compact 
cameras.   
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1. Introduction 

Nowadays, to capture a scene, a general digital camera 
produces millions or tens of millions of pixels using CCD 
or CMOS, which converts light into an electronic signal, 
and an A/D converter that changes an analog signal to a 
digital signal. The dynamic range of general compact 
digital cameras is narrower than that of human visual 
observations because of the mechanic limitations of CCD 
and CMOS. Many image enhancement algorithms have 
been evaluated to solve this problem [1-9]. The research 
can be categorized into two classes: homogeneous and 
heterogeneous approaches. The homogeneous scheme uses 
a single or multiple images from the same wavelength 
range in the light spectrum, whereas the heterogeneous one 
uses multiple images from different wavelength ranges.  

The Retinex method [4], which is a representative 

homogeneous scheme, is based on the experimental fact 
that the images received are given by illumination and 
reflectance components. Therefore, the method enhances 
an image by reducing the illumination component and only 
presenting the reflectance. In particular, the illumination is 
estimated using the Gaussian kernel for each scale, and is 
eliminated from the original image. Furthermore, its 
logarithmic computation effectively compresses the 
dynamic range. On the other hand, this approach requires 
complicated computation and a long processing time, 
which makes it difficult for hardware implementation. In 
addition, employing a Gaussian kernel for estimating an 
illumination factor might cause halo effects. Fusion with 
several differently exposed images [19] also falls within 
this category. The kernel requires additional procedures for 
solving registration and vibration problems. For an 
alternative approach (i.e. hetero generous scheme), one 
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study evaluated a fusion-based enhancement algorithm 
combining IR (Infrared light Range) and VR (Visible light 
Range) images [10-13]. The CCD or CMOS in the general 
compact digital cameras can receive a wider range of 
information over visible light because it is designed to 
sense the near-infrared and visible ranges. 

Near-infrared rays have wavelengths between 700 and 
1200 nm, which is longer than that of visible light (350-
750 nm). Therefore, infrared rays have an advantage in 
transmission because it is less scattered in the air particles, 
and IR images provide useful information that is not 
observed in VR images. Therefore, using the information 
of infrared rays for image enhancement can help improve 
the image properly [10]. On the other hand, fusing VR and 
IR images can cause several problems. First, fusion-based 
approaches of combining two IR and VR images require 
pixel-to-pixel registration; imperfect registration results in 
undesired burring. Second, an extended exposure time due 
to light blocking by IR filters in the camera can generate 
noise in the image. Third, it is difficult to set the focus for 
an IR image. Therefore, this paper introduces a new single 
image enhancement approach using the red channel of an 
input image, which has the closest spectrum region to the 
near-infrared wavelength among the other VR image 
channels: R, G, and B. The basic idea is that the property 
of the red channel is somehow similar to that of near-
infrared rays because they are overlapped in certain areas 
of the electromagnetic spectrum. The proposed approach 
has a problem of not being able to reflect the information 
existing only in an IR image, but it is more effective in 
enhancing the details and brightness in the dark areas than 
the existing fusion-based algorithms using the IR image. In 
addition, the inter-channel correlation between the color 
channels is presented to resolve the over-enhancement 
problem, which can occur when applying the proposed 
approach to high reddish images. A main procedure in this 
study is that the estimated illumination component of a red 
channel is combined with the luminance channel of an 
input image using a weighting function. This fused result 
might be low in contrast and suffer from color distortion 
because the main procedure is done in a luminance channel. 
Therefore, appropriate adjustments including contrast and 

color corrections are needed to make the image more 
natural to the human eyes.  

This paper is structured as follows. Section 2 describes 
the proposed scheme followed by an experimental 
comparison with other existing algorithms in Section 3. 
The conclusion with some discussions is given in Section 4. 

2. Proposed Method 

Fig. 2 presents the overall scheme of the proposed 
algorithm. First, the inter-channel correlation between 
color channels is explained to reduce the over-
enhancement of red-tone images. Next, red channel 
processing is presented to improve the visual quality of the 
input images. Simple contrast and color corrections are 
then formulated to preserve the original contrast level and 
color tone, respectively. 

2.1 Inter-Channel Correlation 
A red channel was used in an input image because it 

contains useful information that exists in an IR image 
compared to other channels, because it is closer to IR in 
the light spectrum. A red component fused with a 
luminance channel described in the following section gives 
better improvement than any other channel combinations. 
The proposed method actively uses a luminance channel in 
CIELab [20] color space to reflect the property of a red 
channel. On the other hand, using a red channel to improve 
the visual quality may result in over-enhancement of the 
images including an excessive red component. This 
problem can be resolved using the inter-channel 
correlation C  between color channels, and is defined as 

 

 1 2 3/ , / , /r g r b r lC C Cμ μ μ μ μ= = = μ

C

 
 

and 
 
   (1) 1 2 3min{ , , }C C C=

 

 

Fig. 1. Wavelength of light spectrum. 
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Fig. 2. Block diagram of the proposed scheme. 
 

where xμ  denotes the average value of each channel, 
( , , , )x R G B L= , whereas C ( 1, 2,3)η η = indicates the degree 

of significance in the intensity average of the red channel 
to the other channels. That is, C  denotes the smallest 
difference among red and other channels. A modified red 
component  was calculated as follows: redO
 

 
, if and
, otherwise
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where if the given conditions are met, the luminance O  
replaces the original red component with a weighting 
factor C. Otherwise, the original red channel O  is used 
as it is.  

l

red

2.2 Red Channel Processing 
The modified red channel O  can be expressed as a 

multiplication of the illumination I
red

r and reflectance Rr 
components [4] as follows: 

 
  (3) red r rO I R= ⋅

 
Bilateral Filter (BF) is used in this study to estimate the 

illumination factor of a given red channel, and the 
estimated illumination component is defined as 
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where pW  is the normalization factor, and 
s

G , and G  are 
the spatial and radiometric weighting functions for distance 
and intensity, respectively. That is, it conducts the 
convolution operation while maintaining the edges changing 
rapidly according to the brightness of the image. The 

bilateral filter considers the rapid changes in brightness, and 
it adaptively adjusts the filtering so that any Halo artifacts 
can be minimized at the later fusion process. After 
estimating the illumination component, it is inverted to use 
as an indicator of the degree of enhancement of the given 
image at the fusion step as follows: 

σ σ

r

r

 
  (5) 1rinvI I= −

 
This equation can be used to effectively compress the 

dynamic range of an input image and improve the details 
in both dark and bright regions if necessary. After red 
channel processing, a weighting coefficient  for fusion 
is obtained from the modified red and luminance channels 
in the input image as follows: 

ω
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where 

rinvIμ and lμ  are the average values of the inverted 
illumination of red channel and luminance component, 
respectively. The value of  changes adaptively 
according to the mean input luminance. The threshold  is 
the critical value that determines the degree of brightness 
and darkness of the input image. To determine the value, 
300 natural images were taken under 3 different exposures: 
dark; normal; and highlight (-2 EV, 0 EV, and +2 EV), as 
shown in Fig. 3. Fig. 4 shows the mean intensity of the L 
channel in the CIELab. A critical point exists for the given 
images to be dark or bright to the human eye. In other 
words, an image with a value below (=0.4) belongs to a 
very dark image, whereas an image above belongs to 
either optimal exposed or highlighted image. Therefore, a 

ω
τ

τ
τ
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Fig. 3. Different exposure images. From the left to right: -2 EV, 0 EV, and +2 EV. 
 

 

Fig. 4. Mean intensity values of the L channel to determine a critical point . τ
 

 
(a) (b) (c) (d) 

Fig. 5. (a) Original, (b) Image fusion result, (c) contrast correction, (d) color restoration ( =0.1, α γ =0.2). 

 

weighting coefficient  selects the larger value of 
and  if the mean luminance of the input image is 

lower than , and otherwise the smaller one is chosen for 
proper enhancement. The modified L channel 

ω
1ω 2ω

τ
LO is 

formulated by combining an original L channel and an 

inverted red channel illumination component, , 
according to the fusion coefficient  as follows: 

lO
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In this event, the output provides better details in the 
dark and bright areas, but may suffer from the generation 
of a low contrast and unnatural appearance, as shown in 
Fig. 5(b). Therefore, a simple contrast correction was 
employed to enhance the resulting appearance. 

2.3 Contrast Correction and Color 
Restoration 

This section describes simple contrast and color 
correction schemes. They were performed to adjust the 
contrast level and correct the distortions in color for the 
resulting image. The former was conducted only in the L 
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channel while the latter was done in RGB color space.  
A simple contrast correction was calculated from 

stretching the 10% upper and lower brightness level of the 
given image histogram as follows: 
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Fig. 5(c) shows the result of the proposed scheme after 

simple contrast adjustment. On the other hand, this 
approach may have color distortion because one color 
channel, e.g. luminance channel, has been adjusted to 
improve the image details. To resolve this problem and 
restore the original color distribution, a simple color 
restoration factor, was first defined as iCR ( , ,i R G B= ,
 

{ , , }

( , ) ( , ) / ( , )i i i
i R G B

CR x y O x y O x y
∈

= ∑    (11) 

 
where  denotes each channel i R  of the 
input image. The final output for each channel was 
calculated after considering the color restoration factor as 
follows: 

( , )iO x y ( , , )G B=

) −
 
   (12) (ˆ( , ) ( , ) ( , )i

CR i iO x y O x y CR x y α γ= + ⋅
 

where, andα γ  indicate the saturation level and the 
brightness adjustment of the image, respectively. In 
practice, they are assigned to the range of [0 1]. Both the 
saturation and brightness increased with increasing . On 

the other hand, the increased brightness at this point does 
not affect the visual appearance of the image positively. 
Therefore, the value 

α

γ  plays an important role in 
maintaining the saturation and brightness level as much as 
possible. Fig. 5 shows the resulting image of each step for 
the proposed algorithm. In particular, Figs. 5(c) and (d) 
illustrated the results after applying a simple contrast 
stretch and a color restoration to the fused result (b), 
respectively. 

3. Experimental Results 

To evaluate the performance of the proposed approach, 
all comparing algorithms were implemented with a 
numerical computing programming language (Matxxx 
2008b), and the experiment was conducted using Windows 
7 on 2.66 GHz i5 CPU and 3 GB RAM. The experiments 
were performed in twofold: comparison with a single 
image-based enhancement, such as the Retinex algorithm; 
and a comparison with the VR and IR fusion-based 
methods. Quality metrics, (Enhancement Measure 
Entropy) [15], Discrete entropy [16], and Brenner’s 
measure [17], which are objective and subjective methods 
were employed to evaluate the single image-based 
enhancement. In addition, the processing time was also 
compared. On the other hand, for the comparison with the 
hybrid fusion approaches, only an observation-based visual 
evaluation was provided in this study because there was no 
standard evaluator [14]. For the first test, six distinctive 
images, which were taken from clear sky, outdoors, 
portrait, and a back lighted photography with excessive red 
tone, were selected, as shown in Fig. 6. The MSRCR 
approach [4] is based on the experiment, in which an 
image was composed of illumination and reflectance 
components. This approach improves the image by 

 

 
(a) (b) (c) 

 
(d) (e) (f) 

Fig. 6. Test images captured under a range of conditions. 
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Original 
 

(a) (b)  (c) (d) 
 

(e) (f) 

MSRCR 
 

(a) (b)  (c) (d) 
 

(e) (f) 

NRCIR 
 

(a) (b)  (c) (d) 
 

(e) (f) 

Proposed 
 

(a) (b) (c) (d) 
 

(e) (f) 

Fig. 7. Comparable resultant images for six test images. From the top (1st row) to bottom (4th row): Original; MSRCR; 
NRCIR; and The proposed approach. 

 

 
MSRCR NRCIR Proposed 

Fig. 8. Partially enlarged images in Fig. 7 (e) for MSRCR, NRCIR, and the proposed algorithm. 
 

adjusting the reflectance component by estimating the 
illumination one from applying multi-scale Gaussian 
kernels. Unlike the Retinex algorithm employing a 
Gaussian kernel for each scale, the NRCIR uses a global 
tone mapping process and modifies the filter shape [1] to 
prevent Halo artifacts occurring in MSRCR. Contrast 
rescaling and map-based image enhancement is then 
accompanied to make the final image more natural and 
pleasant. The difference between the existing algorithms 
and the proposed algorithm is that the Red channel was 
analyzed and modified to enhance the given high contrast 
images. Fig. 7 presents the comparable results of MSRCR, 
NRCIR, and the proposed scheme. MSRCR increases both 
the overall brightness and details, but its over-
enhancement results in unnatural color appearance. In 
addition, the result of the NRCIR image produces a natural 
output without over correction or color distortion. On the 
other hand, it is difficult to see the improvements in the 
details, particularly in dark areas. In contrast, the proposed 
method provides better details both in the dark and light 
regions while maintaining its natural appearance. For a 

better illustration of the comparable results, the insets of 
the lower wood area in Fig. 7(e) are shown in Fig. 8.  

Again, MSRCR causes excessive noise and color 
distortion due to over-enhancement, whereas NRCIR 
results in more natural but less overall improvement. The 
proposed approach, however, shows clear details while 
maintaining the natural appearance of the given image.  

Table 1 also compares the processing time. The 
proposed scheme is approximately 10 to 30 times on 
average faster than NRCIR and MSRCR, respectively. 
This is because MSRCR undergoes complicated 
computations for each channel, and NRCIR takes many 
steps to improve luminance channel alone.  

EME (enhancement measure of entropy), discrete 
entropy, and Brenner’s measures were employed for an 
objective evaluation of the compared algorithms. EME 
measures the degree of local contrast losses, such as image 
degradation by noise and a decrease in the edges. The high 
EME score indicates high quality image. The quality was 
computed by the largest value of function χ for  
blocks as follows: 

1 2k k×
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TABLE 1. Processing Time comparisons (Sec).

Input MSRCR NRCIR Proposed 
(a) 23.46 9.55 1.07 
(b) 18.31 9.31 1.05 
(c) 22.2 9.37 1.06 
(d) 39.04 16.10 1.62 
(e) 46.59 18.02 1.69 
(f) 32.85 12.83 1.28 

 

 

 
1 2
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where and  indicate the minimum and 
maximum brightness within the block size of the image 

. Discrete entropy is defined as 
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Here,  denotes brightness value of the sequence i  

from the resulting image, i.e. the degree of entropy for the 
output image histogram is measured. Similarly, Brenner’s 
measure indicates the degree of sharpness and is defined as 

iS

 
 2( ( , ) ( 2, ))br

x y

F I x y I x y= − +∑∑   (15) 

TABLE 2. EME (Enhancement Measure Entropy).

 Original MSRCR NRCIR Proposed
(a) 32.37 9.57 30.28 22.53 
(b) 12.58 4.01 11.67 9.08 
(c) 15.46 4.10 14.49 12.40 
(d) 32.00 9.52 19.84 21.02 
(e) 29.80 9.20 24.94 16.59 
(f) 27.61 10.75 4.62 9.66 

 
TABLE 3. Discrete Entropy. 

 Original MSRCR NRCIR Proposed
(a) 7.11 7.71 7.56 7.38 
(b) 6.96 7.21 7.47 7.21 
(c) 7.17 7.77 7.60 7.24 
(d) 7.23 7.68 7.65 7.40 
(e) 7.34 7.60 7.53 7.57 
(f) 7.62 7.48 7.83 7.78 

 
TABLE 4. Brenner’s measure (106). 

 Original MSRCR NRCIR Proposed
(a) 121.54 105.38 147.42 125.93 
(b) 47.39 44.19 67.39 54.42 
(c) 78.60 66.33 99.93 72.66 
(d) 198.18 177.62 224.27 185.94 
(e) 252.72 277.45 298.20 237.92 
(f) 206.34 162.57 238.18 194.91 

 
 
Tables 2 to 4 show the EME, discrete entropy, and 

Brenner’s measure, respectively, for each algorithm. 

Unfortunately, it was very difficult to determine the 
consistency for the image quality. As observed from the 
previous results including Fig. 8, the existing algorithms 

 

 

VR Image IR Image CP 

   
LP NSCT Proposed 

Fig. 9. Competitative images from fusion-based approaches and the proposed algorithm. 
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VR Image IR Image CP 

  
LP NSCT Proposed 

Fig. 10. More outputs from the existing algorithms using both IR and VR images while the proposed one using only 
a VR image. 

 

showed over or under enhancement compared to the 
proposed scheme. Therefore, the results from the qualitative 
metrics cannot be used as absolute quality metrics. 

In the second test, comparative experiments were 
carried out using IR and VR image fusion approaches for 
image enhancement. Two representative approaches were 
selected from the VR and IR fusion-based approaches, 
pyramidal decomposition (DP) [11] and non-subsampled 
contourlet transform (NSCT) [13]. Pyramidal decom- 
position divides an image into high and low frequency 
components using a Gaussian pyramid, and compares the 
characteristic value of the image to fuse with the larger or 
average value. The NSCT scheme extends the previous 
NSCT [12] to correct Gibb’s phenomenon that occurs in 
the general discontinuity signals for the wavelet-based 
method, and enhances the input with fusing with high, low 
frequency and directional information without going 
through the down sampling process. 

This paper compared the proposed algorithm with two 
pyramid decomposition-based approaches, which are 
contrast pyramid decomposition (CP) and Laplacian 
pyramid decomposition (LP), and one NSCT-based 
scheme, as shown in Figs. 9 and 10. The fusion-based 
methods using an extra IR image showed improvement in 
the details in the sky region compared to the original VR 
image. In contrast, as expected, the proposed scheme did 
not improve the details because it only used a single VR 
image that did not contain detailed information of the sky. 
On the other hand, the proposed method showed 
outstanding performance in enhancing the details in the 
dark region compared to the fusion-based approaches, 
even without an extra IR image. Fig. 10 provides an 
additional example to show some problems of the fusion-

based schemes. The fusion-based methods caused color 
distortion and halo artifacts around the large edges, 
whereas the details were improved in the dark areas. Even 
imperfect pixel registration can result in undesired image 
blurring. On the other hand, the proposed scheme showed 
a more natural appearance of an image in color without 
any halo or image blurring. Therefore, the proposed 
method can be used as a simple and effective tool for a 
single image-based enhancement in related fields, such as 
compact cameras/videos and surveillance applications. 

4. Conclusion 

This paper proposes a scheme for image enhancement 
using the special and useful properties of the red channel, 
which is similar to that of infrared rays. A comparison with 
the existing MSRCR scheme revealed the proposed 
algorithm to show less distortion in colors and a minimized 
Halo effect around large edges. In addition, the imaging 
details were improved both in the dark and highlighted 
region while maintaining the natural appearance of an image.  

In particular, compared to IR and VR image fusion 
approaches, the details of the dark area were improved 
considerably, even though the improvement in the details 
visible only in the infrared image is limited. Nevertheless, 
it is believed that the proposed scheme can be a useful 
alternative to fusion-based approaches that require VR and 
IR images for image enhancement. Furthermore, the 
simplicity and effectiveness of the proposed algorithm can 
be applied directly to consumer products, such as compact 
cameras without complicated hardware modification. 
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