Enhancement Color Method by Luminance Modulation
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Abstract. Processing outdoor images with low saturated colors is a very com-
plicated 1ask for color based algorithms. Areas such as color segmentation and
object classification require to distinguish clearly among regions with dissimilar
chromatic features. Some problems with this chromatic discrimination in out-
doors images. make it necessary 10 apply a method for color balancing and image
enhancing. In this work. it is proposed an innovative color enhancement method
which is based on color modulation: modulation is a function of the original im-
age luminance and it is automatically computed from the same image statistics.
This technique has two main advantages: no false colors are created nor oversal-
uration is presented. for poorly saturated images. In addition, experiments have
shown the reliability of the proposed approach.
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1 Introduction

Color is an important feature for some pattern recognition tasks. e.g., color segmen-
tation. object classification and tracking algorithms. Sometimes images present faded
colors due 1o variable conditions as lighting sources or acquisition devices. Results are
not accurate when color segmentation is applied to uncalibrated or low satured color
images: because chromatic differences among regions are small. Natural images ex-
hibit rich and complex structure. their colored nature is determined by the physical and
geometric properties depending on illumination, reflections and imaging on the scene:
color permits to distinguish details that in the original image are not clearly defined. Im-
age enhancement is basically a technology 10 improve image quality in terms of visual
perception of an expert. i.e. human being [1].

Color enhancement algorithms solve these drawbacks and many of them are based
on contrast improvement |2]. Therefore, it appears that color enhancement can become
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an imponant tool for improving the acquisition of powerful color based descriptors for
machine vision applications [3). Image understanding requires segmenting (low level
1ask) a scene into a set of meaningful regions. that is partitioning a natural color im-
age into a set of perceptually color-uniform regions. In this case, if segmentations fails
all the further stages could produce unfit results. Limited color constancy strongly af-
fects algorithms, e.g. in outdoor robotics. color must be carefully used and reinforced
with some other kind of features (iexture, shape. and so on). By the way, in the case
of assessing skin lesions in medicine, the expert has to provide a diagnosis whether
skin lesion is a serious pathology. For instance he could trust a color analysis by im-
age processing techniques 1o detect skin Jesions such as melanomas. Therefore, color
guality enhancement is a fundamental factor for many algorithms based on chromatic
features [1]. Nowadays, many techniques for improving image appearance are avail-
able and some of them are focused on project details. However, they have important
disadvantages: original color changes [4] and Jose real appearance of the scene [5]. The
main characteristic of the proposed approach [6] is that it permits enhance color 1o dis-
tinguish more easily the difference between regions: all of this without changing the
original chromatic information [7].

This paper is organized as follows: a brief state of art in color enhancement is pre-
sented in section 2. our approach is presented in section 3, some preliminary results are
presented in section 4 and finally the conclusions of this work are discussed in section 5.

2 State of the Art

Image details (e.g. textures) are more evident when the contrast is high (the differ-
ence between the smallest and biggest colored pixel in the image), but if contrast is
modified. then generally the original color is also altered. Techniques of color enhance-
ment available of improving image appearance (weakly affecting the original chromatic
representation) are needed. Moreover. technigues based on histogram modification are
frequently used for color enhancement [8]. This kind of techniques modifies the his-
togram distribution 1o get an improved image. and good results are obtained in clarity
or contrast. but they are not adequate for color processing. Generally, these methods
modify each RGB color component without taking into account the correlation among
them: this substantially affects the results and the original colors [9].

A color calibration can also be taken further. to ensure the correct analysis (or repro-
duction) of color as well as intensity. Some other color enhancement techniques have
been proposed: based on histogram equalization. contrast enhancement techniques,
adaptive neighborhood histograms equalization method and 3D equalization methods
in the RGB color space. Some other methods exploit the correlation of lJuminance and
saturation color component of the image locally. Besides some authors exploit genetic
algorithms 10 cope with color enhancement as an optimization problem, as well as mul-
tispectral approaches where adaptive strategies for wavelet based image enhancement
have also been proposed [1].

Histogram equalization is frequently used for color improvement; in practice this
method consists on creating an accumulated histogram. which determines the quantity
10 be affected for each pixel. In that way, the new histogram is distributed along the
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desired dynamic rank of pixels. However. the new distribution modifies the value of
original pixels assigning them a new color [10]. this does not always give good results
and object contours are not naturally modified [11]. Displacing histogram is another
technique used 10 make a new image lighter or darker. and it is also based on a arbi-
trary change of values. Both techniques. equalization and histogram displacing. could
be useful in many situations but not in color enhancement or critical color based appli-
cations. due to the fact they do not preserve original colors nor maintain color appear-
ance [12] [13]. Retinex is another technique for improving image aspect. It is frequently
used when it is not possible 1o distinguish important details on image. A noticeable im-
provement is obtained in oversaturated images (Fig. 1). However. it does not work so
well with enhance color as it is shown further on.

Usually. some images may require some kind of color enhancement. even if they
have been taken by special devices [14]. However. for some applications a short pro-
cessing time is fundamental and complex algorithms for color enhancement (e.g. mul-
tispectral approaches) could be inadequate [15]. Taking into account real-time applica-
tions. a technique able 10 cope with low saturated color problem on images and improve
color appearance is proposed in this work. This approach exploits luminance modula-
tion 10 increase saturation on natural images.

(a) Original image (b) Retinex

Fig. 1. Enhance image using retinex method.

3 Proposed Algorithm

3.1 1Image Evaluation

Before applying color enhancement, it is necessary to detect if an image needs to be
enhanced. otherwise enhancing an image with good color quality (good saturation) will
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turn out to be in a new oversaturated and unnatural colored image (Fig. 2). It was defined
a parameter. based on the image statistics. to make a decision whether color enhance-
ment must be applied or not. The parameter is the color definition of saturation; we
observed that images with good color quality have a saturation factor above of 0.55.
On the contrary. images requiring color enhancement have saturation below the fac-
tor. In this way. this threshold was established as condition to determine if the color

enhancement algorithm must be applied.

Warmatized Froeuoncy

Nermalized Erecuency

(c) (d)

Fig. 2. Oversaturation effect (a)original image (b) output image

3.2 Enhancement Algorithm

The proposed color enhancement method is based on image luminance like modula-
tor element, since luminance (L3) is closely associated with color intensity. L is taking
into account to determine how much the original pixel value must be increased or de-
creased. Three enhance coefficients (Coef (R, G, B)) are calculated. dividing the value
of each color band (BandIn(R, G, B)) between the Juminance of actual pixel (L(%)).
The biggest coefficient is chosen as the enhance factor (E factor) and dividing each

* Juminance vector in CIELab space.
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coefficient. obtaining enhance quantities. Finally. the original values for each band are

multiplied by their corresponding enhance quantities (Ec. 1). The process is applied to
each pixel of image.

Coef(R,B,G) = BandIn(R,G, B)/L
Efactor = Maz(CoefR,CoefG,CoefB) (8))
BandOut(R, G, B) = BandIn(R, G, B) » (Coef (R, G, B)/E factor)

3.3 Luminance Adjust

Subsequently, an image is adjusted in luminance to enhance color, it means in color
intensity, with the objective 1o get a better distribution in Juminance. This process (Al-
gorithm 1) consists on adjusting only the intensity. not the color; improving in this way
the aspect of previously enhanced image. New RGB values must be switched to C_lELab
space, because it is necessary 1o work with luminance vector. The process consists on
a single adjustment over each pixel, taking into account maximum (Lmax) and min-
imum (Lmin) values of L. obtaining the quotient between the differences since :L(z)
to Lmin and since Lmaz to Lmin. This means. the adjustment factor is determined
based on distance between maximum and minimum. and current pixel value. Later. 'thxs
result must be affecied by the maximum desired value of L. less the minimum'dgsn'ed
value of L. Involving all luminance rank. the maximum value is 100 and the minimum

is 0. Finally, minimum desired is added at previous result and in this way. it is possible
to make a luminance correction.

Algorithm 1: Luminance adjustment.

Switch the new RGB values to CIELab space.
Determine maximum value of luminance: Lmax
Determine minimum value of luminance: Lmin
for i=1 until i=TotalPix
. L(i) = (L(i)-Lmin) / (Lmax-Lmin))*100
if L(i) > 100 then L(i)=100 end if
if L(i) < 0 then L(i)=0 end if
end for
Switch from CIELab space to RGB space.

3.4 RGB Adjust

"For Juminance adjustment it is necessary to transform again the values from CIELab
10 RGB space. It must be taken into account that not all values CIELal_) can be rep-'
resented on RGB space: it could happen that the values exceed the valid RGB rank
(0. 255). This must be avoided because false colors are not desired nor changes on th'e
original information. Again, value adjustment is necessary, but now in RGB space. Thl;
avoids producing new colors in the output image. taking into account that we preten
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10 project actual colors. not new colors. In this way. 10 adjust existing RGB values it
is necessary to calculate the maximum values (Rmaz. Gmaz, Bmaa) and the min-
imum values (Rmin. Gmin. Bmin) for each band. because based on them. the new
correction will be made. Maximums and minimums must be compared. and at the same
time. they determine the total maximum and minimum (7 maz, Tmin). To obtain new
desired maximums. it is calculated the quotient of maximum of each band and Tmaz,
and after it is multiplied by the maximum desired value (M azDes). New minimums
result from the differences between the minimum of each band and total minimum
Tmin. added with minimum desired (AMinDes) and multiplied by the quotient by the
same elements. Later. it is made the RGB correction (Algorithm 3), which is similar
10 luminance adjustment. with the difference that it is applied 10 each band. The values
must not be greater than 255 neither less 0, reason why a verification is necessary. The
process described is shown next.

Algorithm 2: RGB adjustment.

Determine Rmax, Gmax and Bmax
Determine Rmin, Gmin and Bmin
Tmax=Max (Rmax, Gmax, Bmax)
Tmin=Min (Rmin, Gmin, Bmin)
R_Max=MaxDes*Rmax/Tmax
G_Max=MaxDes*Gmax/Tmax
B_Max=MaxDes *Bmax/Tmax
if Tmin >= 0 then

R_Min = (Rmin-Tmin+MinDes)#*Rmin/Tmin

G_Min = (Gmin-Tmin+Mindes) *Gmin/Tmin
B_Min = (Bmin-Tmin+Mindes)+*Bmin/Tmin
end if .

for i=1 until i=TotalPix
N_R(i)=((R(i)-Rmin)/ (Rmax-Rmin))*(R_Max-R_Min)+R_Min
N_G(i)=((G(i)-Gmin)/(Gmax-Gmin)) * (G_Max-G_Min)+G_Min
N_B(i)=((B(i)-Bmin)/(Bmax-Bmin))* (B_Max-B_Min)+B_Min
if N_R(i) > 100 then N_R(i)=100 end if

if N_R(i) < O then N_R(i)=0 end if

if N_G(i) > 100 then N_G(i)=100 end if

if N_G(i) < O then N_G(i)=0 end if

if N_B(i) > 100 then N_B(i)=100 end if

if N_B(i) < O then N_B(i)=0 end if
end for

4 Experimental Results

Next. the results of color enhancement in outdoor images are shown. The image must
be analyzed before any color improvement: this avoids applying enhance color process
at an image with a good saturation Jevel. For example. Fig. 2 (a) does not need color en-
hancement and its shows a blue dominant color visible in the lightest region; if analysis
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Fig. 3. Color enhancement (a) original image (c) by equalization (e) by retinex (g) by lJuminance
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is omitted. the result is an oversaturated image (Fig. 2 (b)) with an unnatural and exces-
sive color appearance. The histogram center of an image with good saturation is remote
of coordinate (0, 0). the central point is the brightest point: it means that histograms
very close 10 (0. 0) have faded colors and histograms very far from it are oversaturated.
Neither previous conditions are desired. due 10 the fact the objective is to obtain a bal-
anced color image with good saturation. As it can be observed histogram of Fig. 2 (b),
it is remote 10 central point. it means image has good saturation level. In this way with
the previous analysis this image does not need a color enhance. 1f the analysis is omit-
ted. then resulting image is oversaturated (Fig. 2 (c)) for which, the histogram is farther
from central point. It is not the expected result of a good enhance color method. Other-
wise. as we can observe on Fig. 3 (a), the image has good clarity but colors are subdued
and it is difficult 10 distinguish clearly between contiguous regions. Fig. 3 (b)) shows
the histogram close to central point, and it is the reason of the grayish and subdued
appearance of image.

(c) Retinex result. (d) Color enhancement by luminance

Fig. 4. Outdoor shadowed image
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Previously. it was said that equalization is frequently used for improve the image
contrast. However. when color improve is desired it is not convenient by reasons men-
tioned before. Fig. 3 (c) shows the result of equalization and. as it can be observed.
the contrast is higher. since it is possible 1o distinguish more details that in the original
image could not be observed. Color is more intense. but the tree zone at the end of road
has been loss; it means Jost of chromatic information and natural appearance.

Retinex method generally produced grayish colors and lighter image (Fig. 3 (e)).
that is not the goal in this case. Previously, it was mentioned that retinex has good results
with dark images: it enhances the appearance because it permits to observe details that
in the original image are not noticeable. The main disadvantage is the result of Jow color
image, 50 it is not a good technique for color enhancement.

Fig. 3 (g) shows the result of applying proposed color enhancement by the lumi-
nance method. Changes are more notorious and the image looks more attractive (hot
colors). The road zone can be clearly distinguished between bushes. such as leaves
color are projected among branches. The image was improved in color and false col-
Oors were not created: so color was enhanced and the original chromatic structure was
maintained. The histogram of the new image (Fig. 3 (h)) shows clearly the difference
obtained with the color enhancement method. As it can be observed. it exists a notice-
able saturation enhance due 10 the histogram is now further of central point and this
causes than colors are more intense. It implies a color difference reflected on the image.
Thus. selection of R band on lighter region in original image, has been balanced with
others bands G and B. Other results are shown for outdoor images in Fig. 4.

5 Conclusions

This work was intended 1o improve image quality with low saturated color. since this
preprocessing makes it easier to apply a color based method as well as color segmen-
tation or color classification. Image enhancing by the proposed method can help to
improve the results of processes that use color like main feature. This is possible due
10 increase a better region discrimination with powerful descriptors. Proposed method
is based on simple operations. thereby. avoiding an extensive processing and the re-
sult is a reliable method: it makes possible a noticeable chromatic enhancement. taking
image luminance as the principal element to modulate original color. Keeping original
colors appearance is one of the main advantages in the proposed method. Furthermore.
the proposed algorithm determines when a color enhancement is required in the image
based on the saturation parameter.
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