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Abstract: An important factor to improve the visual quality of an image is contrast enhancement. The more the
value of contrast, the simpler it is to identify and compare between different objects in an image. This paper
focuses on experimenting how efficient different contrast enhancement techniques developed for visual images
work for infrared images. It also determines which technique suites well to site a weapon hidden beneath a
person’s clothing application of infrared imaging. We have compared Homomorphic filtering to the classical
technique of histogram equalization using metrics of entropy, sharpness and user observations. These metrics
provide both qualitative and quantitative analyses of the implemented work which has relevance to the end user
application of concealed weapon detection using infrared imaging.

Keywords: Infrared images; contrast enhancement; homomorphic filter; histogram equalization; entropy;
sharpness; concealed weapon detection CWD.

I. Introduction

There are a number of imaging sensors for CWD based on their portability, proximity and whether they use active
or passive illumination. Though most of the illuminations required are low-power radiation, legal issues such as
posting warnings or seeking consent from people being screened may alert carriers of concealed weapons and
diminish the value of the CWD system. Infrared imagers utilize the temperature distribution information of the
target to form an image [1], [2]. Normally they are used for a variety of night-vision applications, such as viewing
vehicles and people. The underlying theory is that the infrared radiation emitted by the human body is absorbed
by clothing and then re-emitted by it. As a result, infrared radiation can be used to show the image of a concealed
weapon only when the clothing is tight, thin, and stationary. Before an image sequence is presented to a human
observer for operator-assisted weapon detection or fed into an automatic weapon detection algorithm, it is
desirable to preprocess the images to maximize their exploitation. The preprocessing steps considered in this
section include contrast enhancement and filtering for the removal of shadows, wrinkles, and other artifacts.

A considerable amount of research has been done in the field of contrast enhancement. The field of contrast
enhancement can be broadly divided into two major areas of research: (1) Global contrast enhancement
techniques and (2) Local contrast enhancement techniques. Global contrast enhancement techniques are simple
and powerful but cannot adapt to the local brightness features of the input image because these techniques use
only global information collected over the entire image [3]. Local contrast enhancement techniques adjust picture
element (pixel) values are over smaller regions of an image to improve the visualization of structures in both the
darkest and the lightest portions of the image at the same time. The purpose of image enhancement is to improve
the interpretability or perception of information contained in the image for human viewers.

Histogram equalization (HE) is a commonly used global contrast enhancement technique for both color and
grayscale images. HE spreads out and flattens the histogram of the number of image pixels at each gray level
value, thus stretching the intensity values in the image over more of the available dynamic range of gray-levels
and increasing the apparent contrast in the image [4]. This method is especially useful when an image is
represented by close contrast values, such as images in which both the background and foreground are both
bright, or else both are dark at the same time. While easy to implement and not very computationally intensive,
HE has several known drawbacks. First, HE does not preserve the average brightness of the input image in the
output image. Therefore, the processed output image will often appear unnaturally bright or “washed out.” Also,
the method is indiscriminate. It may increase the contrast of background noise, while decreasing the usable signal.
To overcome these drawbacks, numerous variations of the classic HE technique have been published [5], [6], [7]-
Homomorphic filtering is a frequency domain method for contrast enhancement [8]. It has been used in a variety
of applications like shadow identification [9], underwater image pre-preprocessing [10], [11], contrast
enhancement for raised or indented characters [12], and seismic data processing [13]. Homomorphic filtering
sharpens features in an image by enhancing high frequencies and sharpening object edges [12]. It also flattens
lighting variations in an image, bringing details out of shadows. It provides simultaneous dynamic range
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compression (reducing illumination variation) and contrast enhancement (increasing reflectance variation).
Homomorphic filtering can thus prove to be most effective on images that have large variations in lighting.
This paper integrates the results from two different approaches of contrast enhancement techniques. Section Il
discusses the Histogram Equalization method. Section 111 covers contrast enhancement by homomorphic filtering.
Section IV provides a comparison of the two techniques using metrics like entropy, sharpness and user
observations.
Il. Histogram Equalization

Histogram equalization is a technique for adjusting image intensities to enhance contrast [7]. It is accomplished
by linearizing the cumulative density function of the image intensity levels. Consider a discrete grayscale image
and let n; be the number of occurrences of gray level i. A normalized histogram of the image shows the
probability of occurrence of a pixel of level i in the image, and would be given by a collection of probability
values for each pixel level:

p(x;) = probability that pixel x has gray level i =ni/n
where n = the total number of pixels in the image. The cumulative density function for this histogram would be
givenas in Eq. 1:

cdf x(i) :Zi: p(x) @

Histogram equalization seeks a transformation of input pixel values to output pixel values that will make this
cumulative density function as nearly linear as possible across the range of pixel gray levels. That is
cdfx(i)=K i ©)
For the purposes of this experiment, global histogram equalization is chosen as the “gold standard” for comparing
alternative methods of contrast enhancement. The Matlab function histeq was used as the particular reference
method for contrast enhancement implementation. The histeq function enhances the contrast of images by
transforming the values in an intensity image, or the values in the color map of an indexed image [14].
While easy to implement and not very computationally intensive, HE has several known drawbacks. First, HE
does not preserve the average brightness of the input image in the output image. Therefore, the processed output
image will often appear unnaturally bright or “washed out.” Also, the method is indiscriminate. It may increase
the contrast of background noise, while decreasing the usable signal. To overcome these drawbacks, numerous
variations of the classic HE technique have been published [3].

I11. Homomorphic filtering

Homomorphic filtering is a frequency domain method for contrast enhancement. Homomorphic filtering
sharpens features in an image by enhancing high frequencies and sharpening object edges [6]. It also flattens
lighting variations in an image, bringing details out of shadows. It provides simultaneous dynamic range
compression (reducing illumination variation) and contrast enhancement (increasing reflectance variation).
Homomorphic filtering can thus prove to be most effective on images that have large variations in lighting. This
model consider the image is been characterized by two primary components. The first component is the amount
of source illumination incident on the scene being viewed i(X,y). The second component is the reflectance
component of the objects on the scene r(x,y). The image f(x,y) is then defined as :

f(xy)=i(x, y)*r(x.y) ®
In this model, the intensity of i(x,y) changes slower than r(x,y). Therefore, i(x,y) is considered to have more low
frequency components than r(x,y). Using this fact, homomorphic filtering technique aims to reduce the
significance of i(x,y) by reducing the low frequency components of the image. This can be achieved by
executing the filtering process in frequency domain. In order to process an image in frequency domain, the
image needs first to be transformed from spatial domain to frequency domain. This can be done by using
transformation functions, such as Fourier transform. However, before the transformation is taking place,
logarithm function has been used to change the multiplication operation of r(x,y) with i(x,y) in Eqg. 3 into
addition operation. In general, homomorphic filtering can be implemented using five stages, as stated as
follows:
STAGE 1: Take a natural logarithm of both sides to decouple i(x,y) and r(x,y) components as in Eq. 4

z2(x,¥) =Ini(x,y)+Inr(x,y) (4)

STAGE 2: Use the Fourier transform to transform the image into frequency domain as in Eq. 5

FFT {z(x,y)} = FFT {Ini(x,y)} + FFT{Inr(x y)} (5)

or
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Z(uv) =F(u,v) +F (u,v)

STAGE 3: High pass the Z(u,v) by means of a filter function H(u,v) in frequency domain, and get a filtered
version S(u,v) as the following Eq. 6

S(u,v)=H(u,v)Z(u,v)=H(u,v)F (uv)+ H(uv)F (uv) (@©)
STAGE 4: Take an inverse Fourier transform to get the filtered image in the spatial domain as shown in Eq. 7.
s(x,y)= FFT*{S(u,v)}
FFT{H (u,v)F, (u,v)+ H(u,v)F, (u,v)} )
STAGE 5: The filtered enhanced image g(X,y) can be obtained by using the following Eq. 8.

g(x y)=exp{s(xy)] ®)

The typical filter for homomorphic filtering process has been introduced in [8]. This filter has circularly
symmetric curve shape, centred at (u,v)=(0,0) coordinates in frequency domain. This filter is modified from
Gaussian highpass filter, which is known as Difference of Gaussian (DoG) filter. The transfer function for DoG

filter is defined as in Eq. 9.
] (D(Lw])z}
l-exp j-c D +
0 9

Where, constant ¢ has been introduced to control the steepness of the slope, D, is the cut-off frequency, D (u, v)
is the distance between coordinates (u, v) and the centre of frequency at (0, 0).

For homomorphic filter to be effective it needs to affect the low- and high-frequency components of the Fourier
transform in different ways.To compress the dynamic range of an image, the low frequency components ought
to be attenuated to some degree. On the other hand, to enhance the contrast, the high frequency components of
the Fourier transform ought to be magnified. Figure 1 depicts the algorithm used to implement the
homomorphic filter used in this paper. The algorithm is based on the equations above.

Figure 1 Block Diagram for Homomorphic filtering

H(u,v)=(yh-yl)

¥l

HIJ):DIE}:C DFT =DH (u, V)= (DFT) = expEpe(x, y)

IVV. Metrics and Results

Test images have been chosen carefully to represent a wide variety of challenging contrast situations. The
infrared images used here represent real imaging situations and challenges for IR image applications like night
vision, security cameras, fire fighting and automobile night vision. A variety of images depicting low contrast,
high contrast, features in shadows and features in highly saturated areas have been selected. The variety of the test
images will prove to be useful while testing the effectiveness of the implemented methods.
The following metrics shave been chosen for the purpose of this investigation:
1. User Observations
2. Entropy
3. Image Sharpness and
A. User Observation

A set of users were chosen to carry out this investigation. The users represented a variety of occupations
from software and computer engineers to science and management. The users rated the images based on how well
the objects in a particular image could be seen and the contrast and quality of the image. While making a decision
the users were not informed about which image represented which technique of contrast enhancement. A set of 14
users gave their feedback and the rated the images on a scale of 1 to 5 where 1 represented the ‘best output’
according to the user.
Based on an average of user observation outputs [15], homomorphic filtering was selected by users as providing
the best results for contrast enhancement. Output images of homomorphic filtering were seen to have higher
quality of contrast while not deleting information from the original test images but enhancing the details in the
test images.
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B. Entropy
Entropy is a measure of information content of an image and is usually applied in image processing methods as a
mean for measuring the information and complexity of images [16].
The Entropy of an image can be calculated by:
255

E=> -plog(p) (10)
i=0
Where, p; is the probability that an arbitrary pixel in the image having intensity ‘i’. Assuming the number of
pixels having intensity i is n; and the image contains n pixels, p; = ni/n. It is obvious that when no change occurs
in information content of images or both input images (initial and contrast enhanced image) are the same.
C. Image Sharpness
The Prewitt operator from Matlab was used for detecting the sharpness of the output images compared with the
input images. This is a discrete differentiation operator, computing an approximation of the gradient of the image
intensity function. The Prewitt operator value therefore shows how "abruptly" or "smoothly" the image changes at
each point in an image. This metric helps in analyzing how blurry the output image gets while enhancing the
contrast [17]. Since contrast enhancement is used to enhance the overall visual clarity of the image, if in the
process the output image becomes blurred then the contrast would not be prominent and effective. This metric
helps understand the overall visual quality of the output image after the enhancement techniques have been
applied. The higher the value of sharpness the better the contrast enhancement technique has preserved sharpness.
The Prewitt operator is based on convolving the image with a small, separable, and integer valued two-
dimensional filter [18]. Figure 2 and fig. 3 show the kernel used for horizontal and vertical edge detection for the
Prewitt operator.
Figure 2 Prewitt kernel for horizontal edge detection
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D. Image Results
The test image data set was carefully chosen to include infrared images of the same scene that have different
ranges of contrast as well as various exposure conditions for concealed weapon detection. The test images have
been categorized as low exposed, medium exposed and highly exposed images of the four scenes respectively.
The test results along with the respective histograms are presented subsequently.
Figure 4 Image Results: (a) Low exposed original Image (b) Histogram of (a) (¢) Homomorphic filtering
applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of (e)
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Figure 4 serves as a low exposed image with few details in the test image. In the histogram equalization output,
left hand corners the output image are brighter and thus do not provide more contrast in that region whereas for
the homomorphic filter output, better contrast is obtained in the entire output image and also in the weapon area.
This technique also succeeded at bringing hidden objects and details.
Figure 5 Image Results: (a) Medium exposed original Image (b) Histogram of (a) (c) Homomorphic
filtering applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of (e)
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Figure 5 is a medium exposed test image with a lot of details and objects that are enhanced after the
implementation of the contrast enhancement techniques. For this test image homomorphic filtering provides a
crisp output image without loss of details.

Figure 6 Image Results: (a) Highly exposed original Image (b) Histogram of (a) (c) Homomorphic filtering
applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of (e)
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Figure 6 is a highly exposed image. The person and the hidden weapon are the only details in the image with the
background being a plain. The output of histogram equalization as shown Figure 30(e) has a white washed effect
near the weapon area. In homomorphic filtering, the weapon can be seen prominently.

Figures below are some more examples of other low exposure, medium exposure and high exposure infrared
images. Figures 7, fig. 8 and fig. 9 are examples of low exposed infrared images of different scenes. Figure 7(a),
fig. 8(a) and fig. 9(a) are original low exposed infrared images of different scenes with hidden objects. Figure
7(b), fig. 8(b) and fig. 9(b) are the Homomaorphic filtering outputs on the input images. Figure 7(c), fig. 8(c) and
fig. 9(c) are the Histogram equalized outputs on the input images with their respective histograms.
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Figure 7 Image Result of Image set 2(Chair front) (a) Low exposed original Image (b) Histogram of (a) (c)
Homomorphic filtering applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of (g)
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Figure 8 Image Result of Image set 3(Chair) (a) Low exposed original Image (b) Histogram of (a) (c)
Homomorphic filtering applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of (e)
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Figure 9 Image Result of Image set 4(Envelope) (a) Low exposed original Image (b) Histogram of (a) (c)
Homomorphic filtering applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of (e)
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Figures 10, fig. 11 and fig. 12 are examples of medium exposed infrared images of different scenes. Fig. 10 (a),
fig. 11(a) and fig. 12 (a) are original medium exposed infrared images of different scenes with hidden objects.
Figure 10 (b), fig. 11 (b) and fig. 12 (b) are the Homomorphic filtering outputs on the input images. Figure 10 (c),
fig. 11(c) and fig. 12 (c) are the Histogram equalized outputs on the input images with their respective
histograms.
Figure 10 Image Result of Image set 2(Chair front) (a) Medium exposed original Image (b) Histogram of
(a) (¢) Homomorphic filtering applied (d) Histogram of (c) (e) Histogram equalization applied (f)
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Figure 11 Image Result of Image set 3(Chair) (a) Medium exposed original Image (b) Histogram of (a) (c)
Homomorphic filtering applied (d) Histogram of (c) (e) Histogram equallzatlon applled (f) Histogram of (e)
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Figure 12 Image Result of Image set 4(Envelope) (a) Medium exposed original Image (b) Histogram of (a)
(c) Homomorphic filtering applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of
(e)
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Figure 13, fig. 14 and fig. 15 are examples of highly exposed infrared images of different scenes. Fig. 13 (a), fig.
14(a) and fig. 15 (a) are original highly exposed infrared images of different scenes with hidden objects. Figure
13 (b), fig. 14 (b) and fig. 15 (b) are the Homomorphic filtering outputs on the input images. Figure 13 (c), fig.
14(c) and fig. 15(c) is the Histogram equalized outputs on the input images with their respective histograms.

Figure 13 Image Result of Image set 2(Chair front) (a) Highly exposed original Image (b) Histogram of (a)
(c) Homomorphic filtering applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of
©

1600
2000
1400
1200

1500
1000

800
1000 o0

600

400 500 400

200

o 50 100 150 200 250 i) 50 100 150 200 250 0 50 100 150 200 250

(b) (d) ®

Figure 14 Image Result of Image set 3(Chair) (a) Highly exposed original Image (b) Histogram of (a) (c)
Homomorphic filtering applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of (e)
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Figure 15 Image Result of Image set 4(Envelope) (a) Highly exposed original Image (b) Histogram of (a) (c)
Homomorphic filtering applied (d) Histogram of (c) (e) Histogram equalization applied (f) Histogram of (g)
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Table | depicts the calculated entropy of the histogram equalized output and homomorphic filtering output for the
full test images. This metric provides a view of the overall exposure in the image. It is evident that homomorphic
filtering achieves more information content after increasing the contrast in the image.
Table | Entropy of Test Images

Original image Histogram Homomorphic
Equalization filtering

Image Set 1 Low exposed 5.7029 4.9868 7.1015
(Stand image) e iim exposed 6.1944 5.0633 7.3278
Highly exposed 5.6384 4.1833 4.3259
Image Set 2 Low exposed 5.8071 5.1511 5.8918
(Chair front) Medium exposed 6.2637 5.2091 7.4487
Highly exposed 5.4258 4.0067 4.3363
Image Set 3 Low exposed 5.4878 4.8498 7.3373
(Chair) Medium exposed 6.0804 5.2393 7.1319
Highly exposed 6.449 5.4097 6.4923

Image Set 4 Low exposed 6.6202 5.8705 7.16
(Envelope) Medium exposed 75692 5.9715 6.8887
Highly exposed 6.6074 5.1807 6.7345

Table 11 depicts the calculated sharpness of the histogram equalized output and homomorphic filtering output for
the full test images. It is clearly observed that homomorphic filtering provides better edge detection than
histogram equalization.

Table 11 Sharpness of Test Images

Original image Histogram Homomorphic

Equalization filtering

éma%e_ Set1 Low exposed 22.4931 60.4151 66.6997

(Stand image) - i exposed 34.6703 54.6638 90.6113

Highly exposed 60.0266 65.5797 169.7213

Image Set 2 Low exposed 23.0628 56.6976 22,6772
(Chair front) -

Medium exposed 34,5771 56.5549 76.3614

Highly exposed 59.2233 67.1537 134.2507

Image Set 3 Low exposed 26.3268 80.9856 92.3004

(Chair) Medium exposed 41.6837 98.3211 138.531

Highly exposed 53.8667 90.3867 189.2905

|mage|Set 4 Low exposed 36.8023 96.9863 203.1531

(Envelope) Medium exposed 65.6682 95.2566 1938182

Highly exposed 80.8859 116.7147 78.9767

These image examples again show that homomorphic filtering achieves better results than histogram equalization.
In general, the contrast and average brightness results with homomaorphic filtering make it subjectively easier to
pick out objects in the image.

The very low contrast images as shown in fig. 6, fig. 7 and fig. 8, demonstrate that while histogram equalization
increases the contrast in these images, it also greatly increases the noise in the image. Therefore, while
quantitatively better in contrast levels and greatly “improved” in sharpness, these images are subjectively inferior
and less useful than those enhanced by other techniques that scored lower on sharpness.

V. Conclusion
Based on the metrics comparison, homomorphic filtering has high values of sharpness on average. This feature
might be important in security related applications where precise data is required. Based on user observations,
homomorphic filtering was selected by most users in terms of overall better contrast without outputting a grainy
or a white-washed effect. This subjective assessment, along with the apparent ability of homomorphic filtering
to bring objects and details out of shadows, makes it well suited to most IR imaging applications such as night
vision, firefighting, and security surveillance. To the existing methods, post-processing can be investigated in
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the future. This could apply global contrast enhancement methods or local contrast enhancement methods based
on the application. The same techniques might also be tested with color infrared images.
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