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Abstract: In order to facilitate the security personnel to identify the items in the X-ray image, it is necessary to enhance the
security X-ray image to highlight the color, edge, shape and other details of the different items in the image, so that the security
personnel can identify the inspected items more accurately and quickly, to ensure the safe operation of the airport. Aiming at the
problem of color distortion in CLAHE enhanced airport security X-ray images, an X-ray image enhancement algorithm
combining USM+CLAHE is proposed. In this work, First, we calculate the grayscale images on the R, G, and B channels of the
X-ray image and perform Contrast Limited Adaptive Histogram Equalization (CLAHE) enhancement respectively, and then
merge the enhanced R, G, and B grayscale images. Next, we perform the Unsharp Mask (USM) sharpening operation on the X-
ray image enhanced by CLAHE, and finally merge the original image and the USM sharpened image according to the weight.
The experimental results show that the USM+CLAHE algorithm can effectively enhance the security X-ray image, and at the
same time can suppress the color distortion of the enhanced image.

L. INTRODUCTION
Security inspection of illegal goods is a challenging task. There are a large number of dangerous goods passing through airports and
many other places daily, and it is very hard to inspect each item manually. The security of airports is very important because there
are many people who travel in them every day. The main purpose of airport security is to prevent any dangerous item that could
harm passengers or staff. The purpose of this project is to develop a novel algorithm for detecting dangerous goods from an X-ray
image. The algorithm will aid airport security officers in their inspection of luggage and other packages for threats such as
explosives or weapons. This research is motivated by the need for improved security at airports due to the increase in terrorist
attacks over the past decade. Airport security is a vital component of the aviation industry, as it is responsible for protecting
passengers and their luggage from potentially dangerous goods. One of the most critical aspects of airport security is the use of X-
ray machines to scan luggage, which allows security personnel to view the contents of luggage and detect any hazardous items.
However, the quality of X-ray images can be poor, making it challenging for security personnel to identify dangerous goods. This is
particularly true for items that are dense, such as metals or electronic devices, which can obscure other items in the luggage. To
address this issue, researchers have developed an X-ray image enhancement algorithm that can improve the quality of X-ray images
and make it easier for security personnel to identify dangerous goods. The algorithm uses a combination of image processing
techniques, such as contrast enhancement, noise reduction, and edge detection, to improve the clarity and visibility of the images.
There are currently few publications on X-ray image enhancement in security, and most domestic and international research on X-
ray image enhancement is focused on the medical area and industrial inspection field [1]-[5].and there are few literatures on X-ray
image enhancement in security inspection [6]-[8]. The most popular picture enhancement technique is histogram equalisation (HE),
which has the advantages of a straightforward theory, straightforward application, and high real-time performance.
The Contrast Limited Adaptive Histogram Equalization (CLAHE) algorithm, which is based on the local adaptive histogram
enhancement algorithm (Adaptive Histogram Equalization, AHE), effectively suppresses the excessive enhancement of local
contrast and the amplification of noise, making it particularly suitable for low-contrast images. Researchers have given the CLAHE
algorithm a lot of thought since it combines the benefits of two technologies— adaptive histogram equalisation and restricted
contrast. To improve picture details, Sun Dongmei et al. [9] devised an adaptive parameter T that automatically modifies the pixel
redistribution range of each image sub-block.
Wang Hong et al. [10] proposed the brightness component of the foggy image using the constrained local histogram algorithm,
which improved the brightness and contrast of the foggy image. They used the fuzzy enhancement algorithm to achieve the adaptive
contrast enhancement of the global foggy image. In order to enhance the underwater sea cucumber image, Yang Weizhong [11]
employed the CLAHE method, which successfully preserved the image's fine features while enhancing the image quality.
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In order to successfully improve the contrast and edge detail information of the original infrared picture, Liu Yuting et al. [12]
coupled the CLAHE method with bilateral filtering algorithm

1. EXISTING SYSTEM
In the digital image application field, images with high contrast and bright colors are the crucial prerequisite for good understanding
of the real scenes, such as detection and classification for underwater dam cracks, and multitarget detection under complex
environment. The images having a higher contrast level usually display a larger degreeof color scale difference as compared to
the lower contrast level ones. Light plays a crucial role in generating images of satisfactory quality in photography. Strong light
causes an image to have a washed-out appearance; on the contrary, weak light leads toan image that is too dark to be visible.
In these two cases, the contrasts of the images are low and their detailed textures are difficult to discern. The underwater images
may lose contrast suffering from degradation due to poor visibility conditions and effects such as light absorption, light reflection,
bending of light and scattering of light, which result in dimness and distortion. Furthermore, the poor sensitivity of charge-coupled
device /complementary-metal- oxide-semiconductor (CCD/CMOS) sensors leads to images with excessive narrow dynamic ranges
and renders their details unclear.
The purpose of image enhancement is a process that allows image features to show up more visibly details and highlight the useful
information by making best use of the color presented on the display devices. Image enhancement is used to improve the quality
ofan image for visual perception of human being. Therefore, it is particularly important to design effective enhancement algorithms
to improve contrast and restore color for the degenerated underwater image.

A. Retinex Theory

Recently, Retinex, Homomorphic and Wavelet Multi-Scale techniques have been popular for enhancing images. These methods
perform much better than those traditional ones. The Retinex theory is firstly introduced to image enhancement by Edwin et al.
There are some different algorithms based on Retinex theory such as single-scale Retinex (SSR), multi-scale Retinex (MSR),
multi-scale Retinex with color restoration (MSRCR), and fast multi-scale Retinex (FMSR) etc. Among them, the MSRCR method
proposes to estimate the illumination of the input image using gaussian surround filtering of different scales and conducts
enhancement by applying color restoration followed by linear stretching to the logarithm of reflectance.

Though the MSRCR method has demonstrated a strong ability in providing dynamic range compression, color restoration and
preserving most of details, a large number of parameters are involved and setempirically, which limit the generalization ability and
often result in pseudo halos and unnatural color.

The classical contrast enhancement is Histogram Equalization (HE) which has good performance in ordinary images, such as human
portraits or natural images. This method increases the contrast of an image globally by spreading out the most frequent intensity
values. However, it suffers from noise amplification in relatively homogeneous regions. HE has been generalized to a local
histogram equalization which is known as adaptive histogram equalization (AHE). AHE is based on HE that the adaptive method
formulates each histogram of sub-image to redistribute the brightness values of the images. AHE is therefore suitable for improving
the local contrast of an image and bringing out more details. Some AHE algorithms have get important progress in suppressing
noise and enhancing contrast.

The hybrid cumulative histogram equalization (HCHE) can improve the enhancement effect on hot objects rather than background.
The gap adjustment histogram equalization can solve the over-enhancement problem and alleviate the feature loss problem in the
dark regions of the image. However, the problem remains the same with the global histogram equalization because of amplifying
noise in relatively homogeneous regions.

In order to overcome this problem, contrast limited adaptive histogram equalization (CLAHE) was proposed. CLAHE is a well-
known block-based processing, and it can overcome the over amplification of noise problem in the homogeneous region of image
with standard histogram equalization. CLAHE algorithm differs from standard HE in the respect that CLAHE operates on small
regions in the image, called tiles, and computes several histograms, each corresponding to a distinct section of the image and use
themto redistribute the lightness values of the image.

In order to improve contrast and restore color for underwater image captured by camera sensors without suffering from insufficient
details and color cast, a fusion algorithm for image enhancement in different color spaces based on contrast limited adaptive
histogram equalization (CLAHE) is proposed in this article.

The original color image is first converted from RGB colorspace to two different special color spaces: YIQ and HSI. The color
space conversion from RGB to YI1Q is a linear transformation, while the RGB to HSI conversion is nonlinear.
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Then, the algorithm separately operates CLAHE in YI1Q and HSI color spaces to obtain two different enhancement images.
The luminance component (Y) in the YI1Q color space and the intensity component (1) in the HSI color space are enhanced with
CLAHE algorithm.The CLAHE has two key parameters: Block Size and Clip Limit, which mainly control the quality of CLAHE
enhancement image. After that, the Y1Q and HSI enhancement images are respectively converted backward to RGB color.
When the three components of red, green, and blue are not coherent in the YIQ-RGB or HSI-RGB images, the three components
will have to be harmonized with the CLAHE algorithm in RGB space. Finally, with 4 direction Sobel edge detector in the bounded
general logarithm ratio operation, a self-adaptive weight selection nonlinear image enhancement is carried out to fuse YIQ-RGB
and HSI-RGB images together to achieve the final fused image. The enhancement fusion algorithm has two key factors: average
of Sobel edge detector and fusion coefficient, and these two factors determine the effectsof enhancement fusion algorithm.

-

Fig.1 : CLAHE OUTPUT
B. Drawbacks
1) It may increase the contrast of background noise, while decreasing the usablesignal/image data
2) Suffer from color distortion
3) This method is the tendency to over-amplify noise in relatively homogeneousregions of an image.

1. PROPOSED SYSTEM

This section will elaborate on the security inspection Xray image enhancement algorithm process:

1) CLAHE enhancement. First, calculate the grayscale images on the R, enhancement respectively, and then merge the enhanced
R, G, and B grayscale images.

2) USM sharpening. This algorithm uses an improved USM (Unsharp Mask) algorithm to sharpen the CLAHE-enhanced image to
highlight details such as image edges and shapes. The USM algorithm combines the sharpened image with the original image
according to the superposition coefficient for the second level image fusion.

3) Image fusion. The original image and the USM sharpened image are weighted and summed to reduce image color distortion.
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Fig.2: Block Diagram of Proposed Method
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CLAHE Enhancement

a) Introduction to CLAHE

The statistical link between each grey level in the image and its frequency is represented by the image histogram, sometimes

referred to as the grey level histogram. The histogram's definition is displayed in "(1)".

P(riy == (k=0,1,2,....... L-1)

Using grayscale transformation, histogram equalisation (HE) is a technique for automatically altering picture contrast quality. The
main concept is to expand the original image's grayscale histogram from a relatively narrow grayscale interval to encompass the
complete grayscale spectrumuniformity of distribution The conventional HE approach is distinct from adaptive histogram
equalisation (AHE). By first computing the local histogram of the picture and then redistributing the brightness, the AHE method
modifies the image's local contrast, thus enhancing it and revealing more image details. However, AHE has the issue of overly
magnifying the visual noise.

Contrast-limited The approach of adaptive histogram equalisation is improved by the CLAHE algorithm. Noise amplification in

AHE may be controlled by restricting the height of the histogram in each section. The following are the main steps of the CLAHE

algorithm:

e Stepl: Division of image subregions: Each subregion of the original image is the same size, has a constant amount of pixels
(C), does not overlap any other subregions, and is divided into many equal-sized subregions. The enhancing impact, which can
often be modified in accordance with real demands, is better the greater the sub-area.

e Step 2: Calculate the histogram. The histogram of a particular subregion is represented by using, where denotes the grey level,
its value is, and is the total number of grey levels.

e  Step 3: Determine the limit value Determine the cutoff limit indicated by "(2)"

B =11+~ (Smax—1))

The determined limit value, the cutoff coefficient, whose range of values is [0,100], and the maximum slope, which is used to

calculate the contrast enhancement amplitude, are among them. The maximum slope's value is an integer between 1 and 4.

e Step 4: Redistribute pixels. Use the matching value for each sub-region to crop, then redistribute the cropped pixels to the
histogram's grey levels. The aforementioned allocation procedure is carried out repeatedly until all of the cropped pixels have
been assigned.

e Step 5: Histogram equalisation: Following cropping, equalise the grey histogram for each sub-region.

e Step 6: Reconstructed pixel grey value: To compute the grey value of each pixel in the output picture, use bilinear interpolation
to conduct grey linear interpolation on each pixel in the input image. This is done by using the centre point of each sub-region
as a reference point.

Fig 3. CLAHE
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b) Image Merge
The enhanced R, G, and B grayscale images are combined and converted into RGB and HSV images, and then CLAHE
enhancement of the RGB image and the HSV image, respectively, is performed to further improve the colour fidelity of the
processed image. The enhanced image is then marked with the appropriate CLAHE enhancement of RGB image and HSV image
designations marked as Ir,lg,Ib adopts the Euclidean norm at last, as shown in "(3)" Ir,1g,Ib the combined picture will go through
USM sharpening processing after merging to produce the first degree of image fusion.
i 1206) + B(00) + (0)
(i=0,1,2,....ceiinne M-1;j=0,1,2,........ N-1) (3
The merged picture is one of them, and the number of rows and columns is the same below.
» USM sharpening
It is vital to employ image sharpening technology to emphasise the fine areas of the picture, notably the edge information of the
image, in order to make it easier for the security people to view and recognise the shape of the item in the X-ray image. Image
sharpening is a technique used in image processing to make the edges of the image more distinct.
The basic idea is to first extract the original picture's high frequency components, then superimpose those components with the
original image in accordance with predetermined criteria to obtain the sharpened image. Although the sharpened picture produced
by the conventional unsharp mask (USM) procedure is less prone to noise and false edges, it may still
be used to eliminate some minor interference elements from images. As a result, the USM method and threshold are used in this
paper.
The following are the key actions.
e  Step 1: First, the original image is filtered using a Gaussian process.
Step 2: Calculating the mask as indicated in "(4)." The threshold and a two-dimensional matrix are two of them.
L (L ifIGE) — i i,j)| < Threshold
M‘”k("”:{o i]]: : Iglg - Liﬁzglg : > Threshold

(1=012,........... M-1;j=0,1,2,........ ,N-1) @)

Step 3: Calculating the High Frequency Component Image(lhf) as indicated in "(5)."
Ine(1,F) = 1(1.J) - Tour(1.])
(1=012,......... ,M-1;j=0,1,2,........ ,N-1) )

Step 4: Calculating the sharpened picture (I sharp) as seen in "(6)".
lsharp(i,) = 1(1,J) + K X Ine(i,j)
(i=012,.....M-1; j=0,1,2,........ ,N-1) )
The superposition coefficient's location is k.
Step 5: The original picture is combined with the sharpened image (I sharp), as shown in "(7)"

TG if Mask(i, j) = 1
S“afp"’”‘{lsharp(i,j) if Mask(i,j) = 0
(i01,2,.......M=1:j=012,....... N —1)q

» Image fusion
The edge, form, and other aspects of the security X-ray picture have been improved after CLAHE enhancement and USM
sharpening, but the processed image has a significant colour difference from the original image, making it difficult for the security
staff to identify the items in the image. In order to decrease colour distortion in the picture produced by the algorithm in this article
compared to the original image, as shown in "(8),"
This work fuses the sharpened image with the original image according to the coefficient.
Ifinal(i,j) = Csharpx Isharp(iij) + Corigin X I(i,j)

(i=012,...... M-=1;j=012,....... N — 1)@

The fusion coefficients of the original picture and the USM sharpened image, respectively, are among them.
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Fig.4. Unsharp/Final Output

» Threshold Value

In MATLAB, the threshold value represents a crucial parameter used in various image processing and analysis tasks, particularly in
segmentation. Essentially, it defines a dividing line or limit between two regions or classes within an image. When applied to image
processing, this value serves as a criterion to differentiate between foreground and background elements or to isolate specific
features within an image. For instance, in grayscale images, a threshold value can be set to classify pixels as either black or white,
creating a binary image. Choosing an appropriate threshold is vital; it impacts the accuracy of segmentation and subsequent
analysis.

V. SIMULATION RESULTS
MATLAB provides numerous methods to determine an optimal threshold, such as Otsu's method or adaptive thresholding
techniques, allowing users to automate this process based on statistical properties of the image. Adjusting the threshold value can
significantly influence the outcome of image processing operations, making it a fundamental aspect of MATLAB-based image
analysis workflows.
PSNR:
In MATLAB, Peak Signal-to-Noise Ratio (PSNR) is a metric used to evaluate the quality of an image by comparing the original
image to a compressed or distorted version. It measures the ratio between the maximum possible power of a signal and the power of
corrupting noise that affects the fidelity of its representation.
To calculate PSNR in MATLAB, you can use the formula PSNR = 20 * log10(MAX_I) - 10 * log10(MSE), where MAX_1 is the
maximum pixel value of the image (typically 255 for an 8-bit grayscale image), and MSE is the Mean Squared Error between the
original and distorted images. MATLAB provides functions like “imread” to read images, “imresize™ to change image dimensions,
and “psnr’ to directly calculate PSNR between two images. For instance, to compute PSNR for two images “original® and
“distorted”, you'd use “psnr_val = psnr (distorted, original) ". This value helps quantify how much the distortion affects the image
fidelity, with higher PSNR values indicating better similarity between the images.

Command Window

PSNR =
64.0090

fx >>|

Fig. 5. PSNR
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V. CONCLUSION

This work investigates the subject of * security X-Ray image enhancement” using Matlab as an analytical framework and offers a
USM+CLAHE image enhancement technique. This approach may greatly improve the X-ray image of popular goods in airport
security checks while also successfully suppressing image colour distortion. This method provides more adequate results when
compared to existing works.
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