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Abstract

Image enhancement is one of the most important issues in low-level image processing. Mainly,
enhancement methods can be classified into two classes: global and local methods. In this paper,
the multi-peak generalized higiram equalization (multi-pea®HE) is proposed. In this method,
the global histogram equalization is improved by using multi-peak histogram equalization combined
with local information. In our experiments, different local information is employed. Experimental
results demonstrate that the proposed method can enhance the images effectively.
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1. Introduction

Image enhancement is one of the most important issues in low-level image processing.
Its purpose is to improve the quality of low contrast images, i.e., to enlarge the intensity
difference among objects and background. A lot of methods have been developed and they
can mainly be divided into two classes: local and global methods.

Local methods employ feature-based approach and the local features can be gained by
using edge operators or by computing local statistics such as local mean, standard devia-
tion, etc. They conduct contrast enhancement by modifying the features [3,4,7-9,13-15,
17,20,22-25]. The common feature-based method is to define the contrast first and enhance
image contrast by increasing the contrast ratio. Another method uses local histogram mod-
ification to enhance image contrast in a locaasf1,2,6,11,16,19,21,26], such as: (1) local
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histogram equalization; (2) local histogram stretching; and (3) nonlinear mapping methods
(square, exponential, and logarithmic function). The main idea is to define a local function
for each pixel £o, yo) based on the neighboring pixels within a small window centered at
this pixel:

Io(x0, yo) = f(I(x,)).

They are quite effective in local texture enhancement. However, they may distort original
images since the transformation is not a monotonic mapping and the order of gray levels
of the original image may be changed greatly.

Global methods are mainly implemented by using histogram modification approaches.
One of the most commonly used methods is histogram equalization (HE). The main idea
of HE-based methods is to re-assign the intensity values of pixels to make the intensity
distribution uniform to utmost extent [5,10,12,18]. Suppose that the original image is nor-
malized and the range of its intensitie$ds1], andp(x) is the density function of intensity
distribution of the original image, where denotes the intensity value of the normalized
image. The desired density function of intensity distribution of the output image is equal
to 1 after equalization, i.e., HE formula is

X

y= / p(w)du, )
0

wherey is the intensity of the output image,the intensity of the input image, andis a
dummy variable. Botlr andy are in[0, 1].

HE is simple and effective in enhancing the low contrast image only if (a) it contains
single object or (b) no apparent contrasanbe between object and background. Since the
above conditions cannot be always met, the global methods have both over-enhancement
and under-enhancement problems. To overcome the above drawbacks, various modifica-
tions have been developed [10,12,18]. Suppose that the range of gray lévglsjd, one
or more mid-nodes; (i =1, 2, ..., L — 1) was determined by the values of mean, median
or the number of peaks in the image histogram. The original histogram is partitioned into
segments betwedn;, x; 1], and they will be equalized piecewise and independently. This
method is called multi-peak HE [12] tha&in only slightly improve HE method, and still
has the drawbacks of HE.

The proposed multi-peak GHE method is very effective not only in enhancing the entire
image but also in enhancing the textural details. It also makes the change of the order of
gray levels of the original image completely controllable. Therefore, it can enhance images
more effectively.

2. Mathematical description

Equation (1) is for continuous cases. For digital imagwith size ofM x N, we have

M x N ’ )

px) =
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where

1 =Y,
a(x,y>={0 ey

x representing the intensity.

In multi-peak GHE approach, the function will be generalized. It depends not only on
intensitiesu(x, y), but also on the local information(x, y) of each pixel(x, y). It is de-
scribed as

and x €[xg, xr],

g, y) = f(uCx,y), vix,y)). (3)
p(g(x,y)) is the density function, and it can be described in short
p(g) = h(fu,v)). (4)

The principle of multi-peak GHE technique is to modify the multi-peak HE method by
performing multi-peak histogram equalization based on the newly defined density function
p(g(x,y)) . The block diagram of multi-peak GHE method is shown in Fig. 1.

The local information could be an edge value obtained by the edge operators such as
Laplacian operator, Sobel operator, etc.,auld be any local statistic value associated with
the distribution of the gray levels in a small window. To make the change of the order of
the gray levels of the original image completely controllable, the range of the value)
is normalized and shifted to the range0.5, 0.5], then Eq. (3) can be re-written as

PO, y)=ulx,y)+wx,y) xv(x,y), 5)

wherew(x, y) is the weight of the edge values. By adjusting the vailie, y), the change
of the order of the gray levels will be completely under the control.
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Fig. 1. The block diagram of the proposed approach.
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3. Implementation of the proposed algorithm

To implement Eq. (5), the function(x, y) and its weightw(x, y) should be determined
first. Suppose thak(x, y) is the intensity value of the poirik, y) in the original image,
and the Laplacian operator calculates the edge value:

% (x,y) | %(x,y)

V(-xv )’) - 8)('2 8y2 (6)
Commonly used discrete formula approximating to Eq. (6) is
1 1
V) =106y x9= Y > I(x+i, y+ ). (7)

i=—1 j=-1
Local mean of a window with siz€&m + 1) x (2m + 1) is used to enhance mammogram
(Fig. 4), Eq. (7) will be
m m

1
V(x,y):m'z S oI +i, y+ i) )

i=—m j=—m
The weightw(x, y) is
w(x,y)= , 8
Y Imax — Imin ( )
wherelnmax= maxI(x, y) | (x,y) € A} andInin = min{I (x, y) | (x,y) € A}, o is a con-
stant, andx > 0. It is the distortion factor to control the change of the order of the gray
levels.

3.1. Multi-peak GHE algorithm

Suppose the range of the gray-level values of the imdgg is [Gmin, Gmax]- The
multi-peak GHE algorithm consists of the following steps:

1. Calculate the edge valu&gx, y) using Eq. (7).
2. Get the values af(x, y) andv(x, y) by normalizing/ (x, y) andV (x, y) as

I(x,y) — Imi
u(xsy)zws (9)
Imax—lmln
B
_%(V‘(/x,-y))’ Vix.y) <0,
v(x, y) = 1/v( m')n p (10)
X,y
E( Vmax ) ) V(-xvy)>oa

whereVmax=maxXV(x, y) | (x,y) € A} and Vmin = min{V (x, y) | (x, y) € A}, and
B is the enhancement factor<08 < 1. If g > 1, it will be de-enhanced.
If using local mean, Eq. (10) will become

Vix,y)— Vmin>/3

Vmax— Vmin

v(r, y) = ( (10)



162 H.D. Cheng, X.J. Shi / Digital Sgnal Processing 14 (2004) 158-170

Fig. 2. The comparison of enhancement using differ@pr@aches. (a) Original image, (b) HE, (c) multi-peak
HE, (d) multi-peak GHE« = 30, 8 = 0.1), (e) original image, (f) HE, (g) multi-peak HE, and (h) multi-peak
GHE.
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Fig. 2. (Continued.)
3. Calculate the values(x, y) using Egs. (5), (8), (9), and (10) for every pixel.
4. Map the range op(x, y) into [Gmin, Gmaxl,
Gmax— Gmin
G(x,y) = Gmin+ (p(x.y) — pmin) ————— (11)

max — Pmin ’
wherepmax=max{p(x, y) | (x, y) € A} andpmin = min{p(x, ) | (x, y) € A}.

5. Calculate the histograifi (p) based on the values(x, y).

6. Since the histograrff (p) is very noisy, we need to remove the noise, and we use the
method in [27] to smooth the histogram.

7. Computing the local minimumsp;, i = 1,...,m — 1}, and letpg = Gmin, pm =

Gmax
8. Equalize the histograrif (p) piecewise and independently according to the segments
betweenp; andp;;+1 {i =0, 1, ..., m — 1}. Finally, output the enhanced image.

4. Determinethe parameters

The order of gray levels of the original image is completely controlled by the value of
distortion factore. For two pixels with original gray levelg; and go, respectively, the
difference between these two pixels in step 4 of multi-peak GHE algorithm, can be derived
from Egs. (5), (8), (9), (10), and (11), that is

G2 — G1=(p2— p1) x Const

= <(M2 —ul) + (v2 — U]_)) x Const

Imax — Imin
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©)

Fig. 3. The comparison of enhancement using differ@pr@aches. (a) Original image, (b) HE, (c) multi-peak
HE, (d) multi-peak GHE« = 50, 8 = 0.01), (e) original image, (f) HE, (g) multi-peak HE, and (h) multi-peak
GHE.

= ((12 —I1)+a(v— v]_)) x Constl (12)
where
Gmax— Gmi Const
Const= 1 “MN and Constl ——
Pmax — Pmin Imax— Imin

First, suppose thab > I1, we will have
L—1>1 (13)
Secondyp1 andv; are in[—0.5, 0.5], therefore

v —v1| <1 (14)
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Fig. 3. (Continued.)

Finally, the multi-peak GHE method could change the order of the gray levels of the orig-
inal image if Constt- 0 in Eq. (12).
Therefore, the following cases can be discussed:

(1) @ = 0. The local information has no contrition to texture enhancement. The algo-
rithm becomes multi-peak HE in [11,12,19]. Especially, if step 6 of multi-peak GHE
algorithm is skipped, it becomes the standard HE.

(2) @ < 1. The order of the gray levels of theiginal image will be preserved. When
«a =1, image texture can be enhanced to the utmost extent without change the original
order.

(3) @ > 1. The greater the valugis, the stronger the enhancement. Howevey, ii§ too
big, the order of gray levels of the original image could be changed considerably (i.e.,
G2 < G1). The outputimage could be distorted apparently and over-enhanced heavily.

Another parameter is the factgiin Egs. (10) and10). Itis a power-law transformation
to enhance/de-enhance the imagevill enhance the image whef < 1. The smaller the
factor 8, the greater the enhancement. It will de-enhance or blur the image fivheh
Generally, in order to obtain the desired result quickly, we will use a fixed value of
B(= 0.5) first. Then the value is adjusted to get a better enhanced image. Finally, with
the obtained value, the values will be finely turned to improve the performance.
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)

Fig. 4. The comparison of enhancement using differppr@aches for a dark image. (a) Original image, (b) HE,
(c) multi-peak HE, (d) multi-peak GHEx = 50, 8 = 0.01), (e) original image, (f) HE, (g) multi-peak HE, and
(h) multi-peak GHE.

5. Experimental results and discussion

In our experiments, the range of the gray-level values of the imad€s285]. A lot
of images have been enhanced by the proposed approach. The results demonstrate that
the proposed approach can enhance images effectively. It is especially effective for the
images with narrow intensity distributionsei, their histograms have very narrow peaks.
In Figs. 2-5, (a) is the original image, (b) the result of standard HE, (c) the result of the
multi-peak HE, and (d) the result of the multi-peak GHE, respectively. With standard HE,
the image may be over-enhanced as shown in Fig. 2b, or under-enhanced shown as Fig. 3b.
By using the multi-peak HE, the output images are slightly improved. However, due to the
fact that the local information is not used in this method, the image texture is not enhanced
as nicely as those in (d).
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Fig. 4. (Continued.)

The castle in Fig. 2a is over-bright and blurry. The cloud is over-enhanced and some
regions become too dark in (b) and (c). The statuaries on the castle in (b) and (c) are even
more blurry than that in the original image (a). However, the cloud in Fig. 2d is more clear
than that in (a) with no over- or under-enhancement such as in (b) or (c). It also makes
statuaries more clear.

In order to confirm the observation that the proposed approach works well for the image
with a histogram having a narrow peak no matter the image is dark or bright, we generate
dark or bright images Fig. 3a and Fig. 4a from the original image Fig. 3a.

For the images in Figs. 3-5, with the standard HE, the left part of the hat is too dark
as shown in (b). With the multi-peak HE, the texture on the left part of hat is improved,
but the hair in (c) is a little blur. By usinthe proposed method, we can overcome those
problems and produce better images as shown in (d).

The histograms of all the above original images are very alike, i.e., intensity distribu-
tions are very narrow. While using the standard HE or multi-peak HE to enhance this kind
of images, all the pixels with the same intensity value will have the same intensity in the re-
sulting image. On the other hand, using multi-peak GHE, the pixels with the same intensity
may have different value& (refer Eq. (11)) if they have different local information, and
it will make the distribution more uniform. The histograms of standard HE or multi-peak
HE are shown in (f) and (g). The number of gray levels in use could be less than that in the
original image since two or more consecutive gray level values might be mapped into the
same gray level value. In the histograms (h), all gray levels are in use. The intensity dis-
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@

Fig. 5. The comparison of enhancement using different@ares for a bright image. (a) Original image, (b) HE,
(c) multi-peak HE, (d) multi-peak GHEx = 50, 8 = 0.01), (e) original image, (f) HE, (g) multi-peak HE, and
(h) multi-peak GHE.

tribution is more uniform piecewise. Hence, much clear texture can be obtained by using
the proposed method, especially when the images have very narrow intensity distribution.
The proposed algorithm is very fast as well. For instance, it took 0.15 s for enhancing the
gray level image with the size 522512 by using Dell Dimension 8200 with Pentium 1lI

(2.2 GHz).

6. Conclusions
Image enhancement is one of the most important issues in low-level image processing.

All the methods are based either on local information or on global information. A novel
approach using both local and global information to enhance image is studied in this pa-
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Fig. 5. (Continued.)

per. This method adopts the traits of existing methods. It also makes the degree of the
enhancement completely controllable. Expertabresults show that it is very effective in
enhancing images with low contrast, regardless of their brightness. Multi-peak GHE tech-
nigue is very effective to enhance various kinds of images when the proper features (local
information) can be extracted.
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