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Abstract Color information is an important indicator of color matching. It is recommended to use hue [H) and saturation (5) to improve the

accuracy of color analysis. The proposed method for dental shade matching in this study is based on the hue, saturation, value
(H5V) color model. To evaluate the performance of the proposed method in matching dental shades, peak signal-to-noise ratio
(PSNR), structural similarity index [SSIM), composite peak signal-to-noise ratio (CPSNR), and 5-CIELAB (Special International
Commission on |llumination, I* for lightness, a* from green to red, and b* from blue to yellow) were utilized. To further improve the
performance of the proposed miethod, dental image samples were multiplied by the weighted coefficients derived by training the
model using machine learning to reduce errors. Thus, the PSNR of 97.64% was enhanced to 39.93%: when applied with the
proposed fuzzy decision model. Results show that the proposed method based on the new fuzzy decision technology is effective
and has an accuracy of 39.78%, which is a significant improvement of previous results. The new fuzzy decision is a method that
combines the H5V color model, PSNR(H), PSNR(S), and 55IM information, which are used for the first time in research on tooth

color matching. Results show that the proposed method pedorms better than previous methods.
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Abstract Caries is a dental disease caused by bacterial infection. If the cause of the caries is detected eary, the treatment will be relatively

easy, which in turn prevents caries from spreading. The current commen procedure of dentists is to first perform radiographic
examination on the patient and mark the lesions manually. However, the work of judging lesions and markings requires
professional experience and is very time-consuming and repetitive. Taking advantage of the rapid development of artificial
intelligence imaging research and technical methods will help dentists make accurate markings and improve medical treatments.
It can also shorten the judgment time of professionals. In addition to the use of Gaussian high-pass filter and Otsu's threshold
image enhancement technology, this research solves the problem that the original cutting technology cannot extract certain single
teeth, and it proposes a earies and lesions area analysis model based on convolutional neural netweorks [CNN), which can identify
caries and restorations from the bitewing images. Moreover, it provides dentists with more accurate objective judgment data to
achieve the purpose of automatic diagnosis and treatment planning as a technology for assisting precision medicine. A
standardized database established following a defined set of steps is also proposed in this study. There are three main steps to
generate the image of a single tooth from a bitewing image, which can increase the accuracy of the analysis model. The steps
include (1) preprocessing of the dental image to obtain a high-quality binarization, (2) a dental image cropping procedure to obtain
individually separated tooth samples, and (3) a dental image masking step which masks the fine broken teeth from the sample and
enhances the quality of the training. Among the current four commen neural networks, namely, AlexNet, GoogleNet, Vgg19, and
ResNets0, experimental results show that the proposed AlexNet model in this study for restoration and caries judgments has an
accuracy as high as 95.56% and 90.30%, respectively. These are promising results that lead to the possibility of developing an
automatic judgment method of bitewing film.
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Abstract Apical lesions, the general term for chronic infectious diseases, are very commeon dental diseases in modem life, and are caused by

various factors. The current prevailing endodontic treatment makes use of X-ray photography taken from patients where the lesion
area is marked manually, which is therefore time consuming. Additionally, for some images the significant details might not be
recognizable due to the different shooting angles or doses. To make the diagnosis process shorter and efficient, repetitive tasks
should be performed automatically to allow the dentists to focus more on the technical and medical diagnosis, such as treatment,
tooth cleaning, or medical communication. To realize the automatic diagnosis, this article proposes and establishes a lesion area
analysis model based on convolutional neural networks [CNN). For establishing a standardized database for clinical application,
the Institutional Review Board (IRB) with application number 20200203080 has been approved with the database established by
dentists whe provided the practical clinical data. In this study, the image data is preprocessed by a Gaussian high-pass filter. Then,
an iterative thresholding is applied to slice the X-ray image into several individual tooth sample images. The collection of individual
tooth images that comprises the image database are used as input into the CNN migration learning model for training. Seventy
percent (T0%) of the image database is used for training and validating the model while the remaining 30% is used for testing and
estimating the accuracy of the model. The practical diagnosis accuracy of the proposed CHNN model is 92.5%. The proposed model
successfully facilitated the automatic diagnosis of the apical lesion.
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Dental Panoramic X-ray Film in Medical Image Processing
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Abstract This paper presents a novel method for automatic segmentation of dental X-ray images into single teoth sections and for placing

every segmented tooth onto a precise corresponding position table. Moreover, the proposed method automatically determines the
tooth’s position in a panoramic X-ray film. The image-processing step incorporates a variety of image-enhancement technigues,
including sharpening, histogram equalization, and flat-field correction. Moreover, image processing was implemented iteratively to
achieve higher pixel value contrast between the teeth and cavity. The next image-enhancement step is aimed at detecting the teath
cavity and involves determining the segment and points separating the upper and lower jaw, using the difference in pixel values to
cut the image into several equal sections and then connecting each cavity feature point to extend a curve that completes the
description of the separated jaw. The curve is shifted up and down to look for the gap between the teeth, to identify and address
missing teeth and overlapping. Under FDI World Dental Federation notation, the left and right sides receive eight-code sequences
to mark each tooth, which provides improved convenience in clinical use. According to the literature, X-ray film cannot be marked
correctly when a tooth is missing. This paper utilizes artificial center positioning and sets the teeth gap feature points to have the
same count. Then, the gap feature points are connected as a curve with the curve of the jaw te illustrate the dental segmentation.
In addition, we incorporate different image-processing methods to sequentially strengthen the X-ray film. The proposed procedure
had an 89.85%: accuracy rate for tooth positioning. As for the tooth cutting, where the edge of the cutting box is used to determine
the position of each tooth number, the accuracy of the tooth positioning method in this proposed study is 92.78%.
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Abstract Global precipitation is becoming increasingly intense due to the extreme climate. Therefore, creating new technelogy to manage

water resources is crucial. To create a sustainable urban and ecological environment, a water level and water quality control
system implementing artificial intelligence is presented in this research. The proposed smart monitoring system consists of four
sensors (two different liquid level sensors, a turbidity and pH sensor, and a water oxygen sensor), a contral module (an MCU, a
moter, a pump, and a drain), and a power and communication system (a solar panel, a battery, and a wireless communication
maodule). The system focuses on low-cost Internet of Things (loT) devices along with low power consumption and high precision.
This proposal collects rainfall from the preceding 10 years in the application region as well as the region’s meteorological bureau's
weekly weather report and uses artificial intelligence to compute the appropriate water level. More importantly, the adoption of
dynamic adjustment systems can reserve and modify water resources in the application region more efficiently. Compared to
existing technelogies, the measurement approach utilized in this study not only achieves cost savings exceeding 60%: but also
enhances water level measurement accuracy by over 15% through the successiul implementation of water level calibration
decisians utilizing multiple distinct sensors. OF greater significance, the dynamic adjustment systems propased in this research
offer the potential for conserving water resources by more than 15% in an effective manner. As a result, the adoption of this
technology may efficiently reserve and distribute water resources for smart cities as well as reduce substantial losses caused by

anomalous water resources, such as floods, droughts, and ecological concerns.
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Abstract—This paper proposes 3 new compression algorithm
based on color sampling and Block Truncation Coding (BTC). It
is composed of several steps, color sampling, BTC parameter
training, threshold selection, sub-sampling, prediction and
quantization, and Huffman coding. The color sampling was
applied using YEF color space which reduced 34% storage. The
subsequent sub-sampling, quantization table prediction, and
Huffman coding further increase compression rates. In addition,
the BTC parameter training step finds the best reconstruction
value for each 4*4 block and bitmap threshold value to improve
the image quality. Compared with previously studies, the
proposed algorithm shows a better average compression rate.

Keywords— YEF Color Space, Block Truncation Coding, Bit Map,
Threshold, Image Compression, Color sampling, Huffman coding

L INTRODUCTION

With the recent breakthrough in technology, many electronic
products have become smaller and smaller in size and volume,
which in tumn results in smaller and smaller memory size and
capacity. Data compression is one vital step in order to store a
large amount of data in a device with limited memory capacity.
Provided that the widely used type of data nowadays is in the
form of images and videos, data compression, more specifically
image compression, plays a very important role in image and
video transmission and storage. In the field of image
compression, the type of compression can be classified as a
lossless [1] compression or a lossy one.

The rate of compression of a lossy type of compression is
often higher than that of lossless compression. Among the
different lossy compression algorithms, JPEG [2] is the most
famous compression one. JPEG divides the image into non-
overlapping 8*8 blocks and utilizes a discrete cosine transform
(DCT) to compress the image. However, JPEG is difficult to
implement on hardware due to the complex calculations of
DCT and requires more circuit costs. Compared with the JPEG
compression method, the Block Truncation Code (BTC) [3]
compression method, which also has image segmentation
technology, is more suitable for implementation on hardware.

BTC is applied to reduce the complexity of the calculations.
Averaging and standard deviation are used to calculate the
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reduction value for each 4*4 block. Chen et al. [4] proposed the
use of BTC for hardware implementation of their proposed
compression algorithm that consists of the threshold, bitmap
generation, BTC parameter training, prediction, and coding.

Fig.1 presents the flowchart of the compression algorithm
proposed by this paper. The proposed algorithm stans by
converting the original image from its RGB color space to its
equivalent YEF color space. A 4:2:0 color sampling is then
applied on both the E and F color planes. It then performs a
BTC parameter training on the Y, E, and F planes to find the
two best reconstruction values for each 4*4 block of each color
plane as well as their respective bitmaps. As for the E and F
planes, their respective reconstruction values and their bitmaps
are sampled in 4:2:2 color to reduce the stored bits. Finally, the
two reconstruction values are predicted and the quantization
table is compared to the Huffman coding. No sampling is
conducted in the brightness component, Y plane. The Y plane
plays an important role when the YEF plane is restored back to
its RGB color space equivalent.

s

i

Fig.1 Flowchart of the proposed BTC-based image compression
algarithm.
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Abstrace— This paper presents a new deseriptor sampling
method based on Binary Robust Independent El ary
Features (BRIEF). The proposed method is divided into several
steps, split blocks, sampling, and descriptor construction. The
proposed descriptor sampling method is realized by Very Large-
Scale Integration (VLSI) technigque. The usage of the split blocks
keeps average accuracy attaining 88.01% and reduces 75% gate
counts by using the same sampling model to construct descriptions.
Comparing with previous studies, this design shows lower
hardware cost and higher accuracy.

Keywords—VLS1, BRIEF, ORE, Description

L. INTRODUCTION

The rapid growth of intelligent systems, such as intelligent
monitoring systems and automated cars, many of technologies
need to rely on image processing. The feature point detection is
one of the foundations of image processing. There are several
main methods for the feature detection, such as Orented FAST
Rotated BRIEF (ORB) [1], Scale Invariant Feature Transform
(SIFT) [2] . and Speeded-Up Robust Features (SURF) [3]. ORB
is composed of FAST and BRIEF. Many studies improved
these algorithms, and some siudies realized them by Very
Large-Scale Integration (VLSI) technique, in which ORB based
algorithms are popular due to its simple structure and fast
calculation speed. A complete hardware implementation for
ORB was present by Kulkarni er al. [4]. In advanced, some
improved ORB based hardware architectures were proposed by
[5][6)[7]. Although it is not difficult to conduct random
sampling for software, it is not easy to manage random
sampling on hardware. The random sampling algorithm not
only limits the speed but also requires more hardware resource.
Therefore, the proposed method is developed to reduce
hardware cost without decreasing the accuracy.

II. DESCRIPTOR SAMPLING ALGORITHM

The solution proposed in this paper is a shared sampling
model. Although reducing the sampling point pairs can reduce
the consumption of hardware resource, it decreases the
accuracy as well. Hence, this paper proposes a method of
sharing the sampling model without decreasing accuracy and
requiring additional hardware resource. The proposed
algorithm includes two steps. The first step is dividing to blocks
and enlarged. The second step is to apply the sampling model.

A, Splir blocks
The original BRIEF [8] is sampled from 31=31 pixels. In

to reduce the number of sample pairs and maintain accuracy.
Hence, it is necessary to cut 31x31 pixels and then enlarging it.
The first step 1s to remove the center position and divide 30 by
2 to form 15=15 pixels and then to remove the central position
again and divide 14 by 2 to form 7=7 pixels. Fig. 1 shows the
details of dividing 31=31 pixels into three layers of blocks. In
this paper, a 31%31 sampling model is selected. Hence, the
15«15 and 7«7 pixels needs to be enlarged to 3131 pixels.

In the same way, a 31=31 sampling model will be used
further. So, the 1515 and 7«7 blocks to 31=31 pixels need to
be enlarged. Because the descriptor is to describe the state
around the feature point, extending the pixel is to keep the
central pix as unchanged as possible, and to distribute other
pixels equally, as shown in Fig. 1.

31 =31 31 =31
. #—i L]
........... AT E— T R
| > |
=7 31 =31
u >

Fig. 1 Cuning and expanding pix

B Sampling

Since segmented blocks are used in the proposed method, a
set of 128 pairs of sampling models is used as shown in Fig.
2(a). The 128 pairs of sampling positions are randomly
generated and recorded by the software. XY positions are
sampled evenly between -135 and 15. This set of sampling
maodels are respectively applied to the three enlarged pixels
above, as shown in Fig. 2(b). It is equivalent to generate 384
pairs of sampling models, as shown in Fig. 2(c).
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ABSTRACT

This paper proposes a real-time correction VLSI implementation of
back mapping for barrel distortion. The mathematical model is based
on an inverse mapping expansion polynomials approximated by odd-
order polynomials, In order to reduce the calculation process, the
polynomial is determined to be a fourth-degree polynomial using two
coefficients by estimating the total error value after correction. The
finite state machine 1s used to control data transmission to reduce the
demands of chip pads. Although the number of bits of the coefficients
is increased by two times compared with the previous circuit design,
it increased the accuracy of the results.

L INTRODUCTION

Wide-angle lens is the most commonly photographic tool used in
driver assistance systems. In order to show the situation outside the
car from different perspectives, the wehicular image has been
developed from the carly parking assist system to the surround view
system. However, the image taken by the wide-angle lens will cause
barrel distortion. Therefore, it will be necessary to perform distortion
correction before stitching the surrounding scene images. Barrel
distortion correction is mamnly divided into two stages: back mapping
all of the pixels in the corrected image space (CIS) to the distorted
image space (DIS), and calculating the intensity value of cach pixel in
CIS by the linear interpolation.

The mathematical model of barrel distortion correction is based
on least-squares estimation method [1]. In [2], a pipeline architecture
based on this model was proposed for real-time commection of barrel
distortion. In the calibration process, the coordinate transformation
before and after the back-mapping is usually the most time-consuming
and computationally intensive stage. It 15 not conducive to hardware
implementation. Accordingly, a low-cost pipelined VLSI architecture
is presented in [3], which effectively removed square root and arc-
tangent calculation. In addition, the iterative characteristic of Homor's
algorithm is used in [4] to further reduce hardware cost and memory
requirement. In this paper, the polynomial used for wide-angle
distortion correction is based on [3] and [4], which omits coordinate
Cconversion.

2. THE PROPOSED HARDWARE ARCHITECTURE

Each pixel position (x', ¥') in DIS can be used to calculate the new
position (%, ) in CIS through a palynomial. [3] and [4] approximated
the back-mapping cxpmsil:m polynomial by uhing odd-order
polynomial. The expansion polynomial of the mapping from the

et T I A it bha dicbartiam cnnee ean ha abiaimad b
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where p is the distance from (xz,¥) to the distortion center (u., v}
and ky 's are the back-mappmng polynomial cocfficients. Four
polynomial coefficients are adopted in both implementations. Since
the pixel position (x', ¥') obtained after mapping contains decimals,
the best pixel value must be obtained through linear interpolation.

Although the hardware requirements are reduced after the odd-
order polynomal approxmmation, the calculation in the back-mapping
stage still requires a lot of registers. Therefore, this paper will make
improvements at this stage.

2.1. Least Total Error Estimation

In order to further reduce the hardware requirements, the degree of the
palynomial is determined by calculating the least total error of the test
dot pattern [5]. Fig. | shows the test dot pattern which fills the viewing
area of the lens.

mEs s eS SSdansss
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Fig 1. The test dot pattem. (a) The test dots of the original dot pattern are
neatly arranged in the horizontal and veriical directions. (b) The binary dot
pattern taken by the distoried lens in [3].

The optimal expansion coefficients are obtained by continuously
fitting the grid lines of the rows and columns. The least-squarcs
estimation method is used to estimate the back-mapping cocfficients.
Table | shows the coeflicients of the back-mapping pelynomials of
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Abstract—This paper proposes a new backlight image en-
hancement algorithm based on an Adaptive Gamma Correction
with Weighting Distribution (AGCWD) algorithm. The osed
algorithm is based on Multi-scale Retinex (MSE). And it is com-
posed of HSV color space, surrounding luminance blur(blurred-
surrounding fuminance), MSR-bused just-noticeable difference
(IND) curve weakening factor, and AGCWD, The proposal MSR's
surronnding luminance was simulated by the Gaussian filter was
replaced with the mean filter to reduce the complexity of the pro-
posed algorithm. In order to avoid over-enhancing the areas with
high luminance by AGCWD and keep the detwil information of fo-
cal areas, a restriction is added fo the Cumulative Distribution
Function curve in the proposed algorithm. The proposed algo-
rithm has better performance than previous studies in the back-
light image, especially shadow areas. In addition, it also reduces
the complexity of the MSR's algorithm. Decreased 86.65% af the

time of simulating swrrounding laminance.

Keywords—HSV Color Space, MSR, JNID} curve, AGCWD,
Backlight Image Enhancement

I. INTRODUCTION

Image processing is already an indispensable technology
for the development of science and technology. Whether it is
image recogition, biomedicine, artificial intelligence. and
even autonomous driving, the demands of image processing
are more and more widely. Contrast is the difference in
brightness and color between objects in an image. It is a basic
but very important part of image processing. An excellent
contrast image processing effectively improves the image
quality, which could show good clarity performance and em-
phasize the details in images.

However, many possibilities such as backlight, haze, or
even dark light environment cause low image contrast. These
low-contrast images are hard to be used by other image pro-
cessing like image recognition. Therefore, some of the algo-
rithms that enhance the contrast of images are particularly fo-
cused on adjusting the luminance of images.

Histogram Equalization { HE) [1] is one of the most basic
contrast processing methods. 1t is suitable for processing
overexposed or backlight images. HE is through Probability
Density Function, Cumulative Distribution Function, and
horizontally stretches the over-concentrated part of the image
pixels to make them evenly distributed to achieve the effect
of enhancing the contrast.
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Later, based on HE, someone proposed Adaptive Hist-
ogram Equalization (AHE) [2], which changed the way that
HE used global processing. AHE solved the shortcoming of
HE that the local contrast and lost object details due to the
local processing. Soon after, the base on AHE proposed Con-
trast Limited Adaptive Histogram Equalization (CLAHE)
[3]. By limiting the PDF, that exceeds the threshold is divided
equally to the histogram bottom. And then a method based on
smoothing the slope curve of CDF is proposed. It makes the
local details of the over-concentrated pixel values more obvi-
ous and suppresses excessive noise enhancement.

Yi-Sheng Chiu et al. proposed an Adaptive Gamma Cor-
rection with Weight Distribution (AGCWD) [4] algorithm. It
employs the method of the weight distribution, redistributes
the PDF of the pixel values of the image to have the CDF
curve smooth. Then the smooth CDF curve is used in gamma
correction to adapt global image enhancement.

Edwin H. Land proposed a Retinex Theory of Color Vi-
sion [5] method. which assumes that the image observed by
the human eyes is the product of the reflectance layer and the
surrounding luminance layer. The theory is based on the con-
sistency of color perception. In addition to the light, the color
of the object is related to the ability of the reflectance layer.
The contrast must maintain the high-frequency information
of the reflectance layer B(x,y) as much as possible, and re-
duce the influence of the surrounding luminance layer

Lix, ).
S(x,v) = Rix, ) Lix,») (1)

Therefore, many scholars use this technology to divide
the image into the surrounding luminance layer and reflec-
tance layer. The surrounding luminance intensity is removed
to eliminate the influence of light on the object. And the ob-
tained reflectance laver is sirengthened to achieve the effect
of enhancing image quality. So the Single-Scale Retinex
(SSR) 15 extended, and its formula is expressed as formula
{2). Following the human visual system (HVS), the image is
projected to the logarithmic domain for processing. Where §
represents the color channels R, 7, and B. R is the reflection
layer of the image, § is the pixel value of the image, and Lx,
¥} is the surrounding luminance layer. The Gaussian blur is
shown in formula (3), in which F(x, ¥) is the Gaussian filter
funetion and * is the convolution operator.
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Abstract—This paper presents a new algorithm for Laplacian of
Gaunssian (LoG) image processing systems. In order to improve
nowadays digital capture system and digital display calibration,
Color constancy is added to improve the measurement of object
color based on independent light sources. To satisfy the human
eve's recognition of colors, the angular error must be corrected to
make the light source reflect naturally in the image. In addition,
the hardware design of classic white balance algorithms such as
Gray-World, Max-RGB, and Gray-Edge with the Minkowski
norms is implemented in this study. The proposed algorithm is
simulating with a Gaussian filter and an additional Laplacian of
Gaussian (LoG) to generate real-time masks that automatically
brighten images. Compared with several previous studies, the
proposed algorithm shows lower angular errors while maintaining
the quality of the graphics. The motivation is to make better
quality watches on display facilitics and better capture systems.

Keywords—White Balance, Color Constancy, Goussian filter,
Laplacian of Gaussian(Lo(G), Gray-World, Max-RGE, Gray-Edge,
Minkowski norm, Angular error

L INTRODUCTION

The color of an object usually defines the light source with
the human eye, and the color constancy tends to affect digital
images. These include the light source, the surface reflectivity
of objects, and the sensing capabilities of the capture system.
The factors affect the definition of color to reflect single capture
systems, such as the human eye or digital camera, which
restores the exact light source irradiated on each object.
Applying the assumptions of Gray-World, Max-RGB, and
Gray-Edge algorithms contained in a series of color constancy
proposed by [1][2][3]. Modify the pixels toward the illuminant
direction, the image set to ideal color and edge weights. Add
light source estimation and edge detection based on image
information, and calculate global adjustment variables. Use the
Gaussian filter on homogenizing [4] and use the Laplacian of
Gaussian (LoG) image enhancement [5][6] is added to improve
the brightness of the whole image. Finally, the image is
deblurred and restored. The main purpose is to improve the
visual facilities and reduce the varation of image angular error
caused by improper light source angle. Apply it to an image
processing system.

1. WHITE BALANCE ALGORITHMS

This paper gathered three major color constancy methods
based on the following algorithm assumptions. The proposed
algorithm consists of three steps. Initially is to adjust the image

with the main algorithm. The second step is to apply a Gaussian
filter and dilate the brightness region. The last step is to enhance
the image details. Adjust the brightness much better with the
LoG algorithm simplified operators.

A, Color Constancy Assumpiions

The original color constancy is a phenomenon based on
Lambertian surface, in which each of the image values is
derived by f= (fy, fz. fo)T as shown in Equ. (1).

f= [, 1(A)s(d, x)c(A)dd (1)

Where I(A) is the light source, s(A) is the surface
reflectivity, @ is the wavelength, and () is the capture
system sensitive to wavelength [2].

With a series of assumptions, Finlayson and Trezzi [7)
proposed a method by using constrained Minkowski norms p
in illuminant estimation in Equ. (2).

3P i,
(J' Iy }] jlﬁ @)

The Gray-World, White-Patch, and Gray-Edge algorithm
assumptions respectively represent p= 1, p=oo,and p=6
as the best results in [3]. The proposed algorithm referred to the
PSMR (Peak signal-to-noise ratio) [8] values as an objective
image quality index. Finally, we choose the best image quality
by selecting the best PSNR value and sending it to the next step.

B.  Processing to Decrease Angular Evror

Angular error is an index used in illuminant estimation [2] to
calculate the image illuminant angle between the actual light
£, and assumed white light £, as shown in Equ. (3).

setel) g, = =(111) (3)

- -1
ETT = COS (
[TATE

Anisotropic Gaussian filtering [6] 1s used to fast obtain the
edge and ridge maps to analyze the directional scale-space by
using the applicability features. The proposed algorithm applies
a one-dimensional Gaussian filter in the x and y directions to
reduce the image details of the processed images.

-9 )

g:[x ﬂ'!_}I - '21::1',‘ .!a"
¥ = xtang (5)

By using Equs. (4) and (5), the image details can be
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Abstract—- This paper presents an improved feature detection

and descriptor construction method for nighttime vehicle Image Input [+ lmage ) F‘mt""_'“
surrounding images. The proposed algorithm is based on the Preprocessing Detection —l
Oriented FAST and Rotated Brief (ORB) algorithms, In order to

improve the accuracy of the proposed algorithm, the Contrast L Descriptor Descriptor

Limited Adaptive Histogram Egqualization (CLAHE), feature
detection, and descriptor construction were added. In addition, the
proposed feature detection description method is realized by the
Very Large-Scale Integration (VILSI) technigue to meet the real-
time application for vehicles. Compared with previous studies, the
proposed design has better performance than previous methods of
detecting features in nighttime for image stitching and recognition.

Keywords—Ovriented Rotated Brief, Description, Feature Detection,
VLSL.

L. INTRODUCTION

The rapid growth of Al development, image processing
technologies for self-driving cars and vehicles is a highly
valued research topic in recent years. The feature detection is
an important step in the geometric task based on computer
vision, both for image stitching and image recognition.
However, due to the dark light at night, traditional cameras
usually perform poorly at night, which will cause difficulty in
feature detection.

A system used light sources to feature mapping and positing
is proposed in [1]. The deep learning model is used to detect
and describe in [2]. In terms of VLSI technology. the ORB
hardware proposed in [3] strikes a balance between
performance and power consumption. The system of [4]
proposed an improved hardware architecture of the Binary
Robust Independent Elementary Features (BRIEF) in ORB to
reduce hardware cost. Because the ORB algorithm has benefits
of low power consumption and high speed, it is more suitable
for application in high-speed vehicles than other mainstream
feature detection methods.

II. METHOD

The purpose of this study is to improve the difficulty of
nighttime image feature detection, and the proposed solution is
that CLAHE can enhance the image contrast through the
adjustment of the contrast of the night image. In addition. the
proposed method also advances to enhance the features of night
images, and with a fast and low hardware cost ORB to achieve
the purpose of saving resources. The proposed algorithm
mainly includes three steps: image preprocessing, feature

Constrection Chaipui

Fig. 1. Flowchart of the proposed algorithm.

A Image Preprocessing

Since nighttime images are low in luminosity due to
insufficient light. the proposed algorithm uses CLAHE, which
is widely known for low-light image enhancement, to improve
performance. The CLAHE divides the image into sub-regions,
which can solve the problem of over-enhancement of large dark
areas and bright areas better than Histogram Equalization (HE).
Equ. (1) is used to calculate the Probability Density Function
{PDF) of the pixel values of each sub-tile by the histogram.

n;

pr(ﬂ = ; (1)
cdf(D) = ) pall) @
J=a

where n; indicates that the number of pixel values i appear, n is
the total number of pixels. Thus, obtaining the Cumulative
Distribution Function (CDF) is shown in Equ. (2).

Fig. 2 shows the interpolation of the pixels of the histogram
by using bilinear interpolation to solve the problem of
discontinuity in each sub-block. By limiting the slope of the
CDF to limit the contrast, if it exceeds the threshold, the pixels
in it will be evenly distributed to other PDFs to avoid image
overexposure. Fig. 3 shows the hardware architecture of the
linear interpolation simplified by factorization, followed by
combining two linear interpolations to obtain bilinear
interpolation.
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ABSTRACT

This paper presents an edge-preserving filter design by using edge
detection to reduce the computational complexity of the side window
filter. By identifying edge types in advance, the side window filter is
unnecessary to produce each result in the same time for comparing,
The hardware architecture is implemented on Xilinx's FPGA, which
can reduce 86% power consumption, 89% number of LUTs, 67%
number of FFs, and 84% number of route nets, respectively. The
synthetic results show that this method can reduce the computational
complexity of the side window filter and achieve low-cost hardware
implementation

Keyword © Side-Window Filter, Edge-Preserving, FPGA, VLSI
L INTRODUCTION

Image processing 15 widely used such as image smoothing, noise
removal, and edge preservation. Different applications require several
types of filters such as Gaussian low pass filter, mean filter, and
median filter. Smoothing is an important image processing method in
distinet types of image recognition such as Automanc License Plate
Recogmtion (ALPR) and traffic sign recogmition. These image
recognitions are overly sensitive to noise and needed to use filters to
remove noise. The usage of general smoothing flters will lead to
irreversible loss of details and reduce the accuracy of identification
resulis. These researchers propose vanous edge-preserving filters to
preserve the edge of the processed image such as the bilateral filter
proposed by [1] and the guided image filier proposed by [2] which can
achieve edge-preserving effects.

Bilateral Filier (BF) s a smoothing and edge-preserving
nonlinear filter. In addition to using the geometrical proximity
between pixels with traditional smoothing filters, the luminance and
color differences between pixels are also considered. BF can
effectively remove noise while preserving the edge information of the
image. The principle is to use two functions to obtain the filter
coefficients, i whach the first function 1s determined by the geometnc
space distance and the second function is determined by the pixel
color difference.  However, when Bilateral Filter filters images,
Gradient Reversal artifacts will appear in the edges, because the pixel
changes on the edge part are relatively severe, resulting in artifacts
after BF.

Guided Image Filter (GIF), like BF, 15 an image filter of non-
linear and smooth. It also keeps the edges of the image and smooth
the image. The difference 1s that the GIF has lower computational
complexity and because the gradient directions of the two images used
arc the same, the problem of gradient reversal can be avoided. GIF
uses two images as the input images and the pguide image for
processing. The guide and input images need to be lincarly combined
to achieve a smooth effect.

are not selected as the object of the hardware implementation. This
paper decided to use the concept of Side Window Filter (SWF)
proposed by [4] and the Sub-Window Box Filter (SWBF) proposed
by [5] to implement hardware design.

1. SIDE WINDOW FILTER

The traditional filter will place the pixel to be processed in the middle
of the window for processing. It cannot solve the problem that the
edge will spread due to processing, which is the reason why traditional
filter does not preserve the edge. Based on the analysis, the [4]
proposed to place the edge of the Window at the pixel position to be
processed, which can cut off the spread. The [4] splits the edge
direction into eight directions, as shown in the figure below.

(1] i) et

a RO

Fig. 1. The comesponding eight directions are generated by the center point (x_y], and the
edge & hortmontal: () divided into U of the upper half of the edge and the correspanding
lower half of D; The edges are ventical: the left balf edge L and the right kalf edge R of
{b); The obligue line edge (c} cormesponds to LU, LI, RU. ED

The corresponding flter coefficients are gencrated in these eight
directions and processed on the corresponding edges to obtain eight
direction processing results. Comparing eight direction processing
results with the value of center pixel to obtain the best result. The [4]
proposes to use a vanety of edges to do the general Box Filter (BOX)
and use the SWF method of BOX Filter (S-BOX) to effect comparison.
S edge types are show i Fig. 2. The pixel value of the black part
edge is x, the white part of the edge is y, and the difference from x to
v is represented by Ax, and the difference from y to x s represented by
Ay, and r is the radius of the window. The results are shown in TABLE
L. The results in TABLE I show that $-BOX can retain the edges of

(a)~{e) better than BOX.
[{E] [14]
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Abstract—This research introduces a method for smoothing
3D Point Clouds, which is a two-stage algorithm designed for
models that are affected by Gaussian noise. The first stage
utilizes 8 median filter to arrange the positions of neighboring
points and determine the most probable relative position. The
second stage applies a bilateral flter to achieve surface
smoothing. This algorithm adds a low-complexity median filter
to the original bilateral filter, which can improve the Peak
Signal-to-Noise Ratio (PSNR) by 14%, and reduce the Mean
Squared Error (MSE) by 75%. Furthermore, this rescarch
preserves both the complexity of the bilateral filter and the
number of neighboring point searches. This study represents a
valuable contribution to the field of 3D Point Cloud smoothing
technology.

Keywords—3D Point Cloud, Gaussian Noise, Median Filter,
Bilateral Filter

L INTRODUCTION

As 3D scanning technology has improved, it has become
increasingly convenient for people to generate 3D Point
Cloud data of real-life objects for preservation or utilization,
such as for autonomous driving of electric vehicles,
preservation of historical sites and cultural relics, and
research on natural terrain. Compared to traditional 2D
images, which can easily result in incomplete data due to
ocelusion, 3D Point Cloud data offer significant advamtages
in presentation. Nevertheless, 3D Point Cloud data is often
polluted by noise due to various reasons, such as instrument
error, environmental influence, object reflection, etc. In view
of this, the development of effective denoising algorithms is
crucial for improving the accuracy of 3D Point Cloud data.

The presence of noise in the original data can lead to
significant issues in subsequent applications. Hence, some
scholars use the traditional smoothing algorithm for
processing two-dimensional images to apply to three-
dimensional images. G. Taubin [1] uses the Laplacian
operator to smooth three-dimensional images. S. Fleishman [2]
and J. Digne [3] modified the traditional bilateral filter by
incorporating point-to-point distance and normal vector
projection distance as factors to improve the smoothing effect
of 3D Point Clouds. However. the impact of noise on 3D Point

noise. The radius filter is used to remove the large noise.
Besides, the bilateral filter is processed as small noise to
achieve filtering. H. Zhang [5] proposed categorizing noise
into two types: huge and tiny. Huge noise refers to outlier
points that are far from the subject and can be removed using
radius and statistical filtering. Tiny noise, on the other hand,
is mixed in with the target data point and can be addressed by
smoothing with a feaure image learning algorithm. By
analyzing the quality assessment dataset of rendered 3D Point
Clouds [6]. it is possible to evaluate the effectiveness of
various smoothing techniques for 3D Point Cloud data.

II. PROPOSAL ALGORITHM

To avoid losing edge features due to over-smoothing, this
paper proposes an algorithm that uses a median filter to adjust
the position of the target point. The proposed algorithm uses
the bilateral filter to smooth the position of these adjacent
points surrounding the target point, as shown in Fig.1. The
effect is better than only using the bilateral filter, without
excessive smoothing, and preserving the edges information.

Majse Foini et -
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Fig. 1. Flowchan of the proposed algorithm

A Implementation of median filter

Before performing the median filter, it is necessary to find
the adjacent points (P;) of the target point {P). The research
for adjacent points (£} can be searched using the k nearest
neighbor search. The proposed (1) sorts the XYZ groups of
the adjacent points (F;), finding the middle value of each
group, and replacing the target value. The median filter can
effectively smooth the 3D Point Cloud data polluted by noise.
Moreover, sorting by the k-nearest neighbor (KNN) search
can exclude outliers without causing excessive smoothing.

P(x) = median(F;(x))
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Abstract—Video-based point dloud compression(V-PCC)is a
point clowd compression standard formulated by the Moving
Picture Experts Group{MPEG) organization. The concept of
this standard is to project 3D point cloud information ento a 2D
plane and generate 2D image. namely geometry map, texture
map, and occupancy map. Overlap 2D images to form 3D depth
from three images, combine color and position information, and
then encode and decode using High Efficiency Video Coding
(HEVC) eompression. However, the projected image will have
obvious holes. These holes are regarded as high-frequency signal
in the image, which will have a bad impact on the subsequent
compression rate. It is necessary to uwse image filling to smooth
the image, reduce high-frequency  signal. and  facilitate
subsequent compression processing. Therefore, the purpose of
this research is to develop a series of anti-noise procedures to fill
and smooth images with High-Efficiency Video Coding{HEV),
including mean filter, Smooth Pull Push Algorithm(SPF), ete.
This algorithm has been implemented in - mpeg-pec-tme2-
release-vB.0[1], and the obtained data proves that although
PSNR needs to be sacrificed, it cam effectively reduce the
number of compressed bytes after texture map filling.

Keywords—video-based point cloud compression, mean filter,
point cloud compression, texture padding, high efficiency video
coding.

[.  INTRODUCTION

With the changes of the times and the rapid advancement
of technology, many novel technologies have also appeared
before the eyes of the world, such as virtual reality and 5G
technology. These technologies are inseparable from the 3D
point cloud because the characteristics of the 3D point cloud
that can record information completely and realistically
complement each other. But it is also because of this that the
compression and transmission of point clouds has become a
huge challenge. Therefore, the MPEG organization has
formulated two standards for point cloud compression, which
are divided into Video-based point cloud compression (V-
PCC) and Geometry-based point cloud compression (G-
PCC)[2]

G-PCC is based on the Octree algorithm to directly encode
the information in the 3-dimensional space. V-PCC is a 2D
video compression technology. Firstly, the 3D space image is
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filling algorithms, dividing unoccupied and occupied pixels
into two groups, and designs a suitable filling algorithm for
each group. J. Xiong et al.[4] also proposed a fast coding
method guided by occupancy graphs, which can effectively
save computing time.

Figure 1.geometry(left) - texture{middle) - occupaney(right)

IL PROPOSAL ALGORITHM

As mentioned in the first section, when V-PCC is
projected onto a plane, image blocks are used to place the
image on the same two-dimensional plane, but there will be
obvious holes, as shown in Figure 1. But this voids will be
considered as high-frequency signal, which will have a bad
impact on the subsequent compression ratio. Therefore, this
hole needs to be filled with image fill. Fortunately, several
image padding methods are proposed in the V-PCC standard,
such as Pull Push Background Filling, Smooth Pull Push
Background Filling, and Harmonic Background Filling.[5]
This article is expected to use the method based on Smooth
Pull Push Background Filling. After the Pull Push is
completed, the image is further smoothed using mean
filtering. The overall process architecture as shown in Figure
2, and in section II part A, the Smooth Pull Push algorithm
will be explained, and in section Il part B, the algorithm of
the mean filter will be explained.

H=H

Figure 2. Proposed Algorithm Architecture

HEVC
encoder

fexture
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A. Smooth Pull Push algorithm
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Abstract— Point cloud is a point-based representation of three-
dimensional data used to describe the geometry of objects or
scenes However, due to its large data volume, a point cloud needs
to be compressed to reduce the data volume. After point cloud
compression, some points may be lost, causing the loss of edge
details and the appearance of point cloud holes and outliers,
leading to a significant subjective quality decrease and affecting
point cloud development in practical applications. In this paper,
an effective point cloud repair method is proposed. First, use the
mean filter to remove outliers, so that the subsequent point-filling
algorithm can avoid errors caused by outliers. Secondly, the point
cloud is analyzed by the Delaunay triangulation method. Perform
statistical analysis on the areas of all triangles. If an individual
triangle has an area larger than the average, it is marked. After
of all the holes in the
point cloud can be found, so as to identify the holes in the point
cloud. In the hole-filling strategy, the interpolation method is used

the coordi

comparing the tri

to average the coordinates and color information of the three
vertices of the triangle to obtain the filling point, that is, to
complete the restoration of the point cloud data. When evaluating
the results, in addition to PSNR. the GraphSim index proposed by

I.  INTRODUCTION

Point cloud has become an important research direction
in computer vision, robotics, autonomous driving, and other
fields. The subjective visual quality of the point cloud is crucial
in its applications. Therefore, point cloud repair has become a
popular research topic. Two common reasons for point cloud
holes are identified. Firstly, specialized scanning devices
usually acquire point cloud data using 3D laser scanning to
obtain 3D data on object surfaces. However, occlusions or
scanning surface reflection errors can cause holes in the
collected point cloud [3]. Secondly, point clouds typically have
a large amount of data and require compression, such as the
Motion Picture Experts Group (MPEG) established video-
based point cloud compression (V-PCC) standard [2]. The
compression standard employed in this study involves storing
point clouds in 2D image format to reduce data size, and
decoding them back to 3D point clouds when necessary.
However, this process will cause a large loss of edge details,
which will lead to the loss of information at the edge.

In recent years, several methods have been proposed for
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Abstract —Collecting  or transmitting  point cloud data is occlusion and viewpoint transformation. However, during

often subject to noise, which can potentially affect the accuracy of
geometry and color representation in different spatial domains.
This study addresses the denoising problem specifically for 3D
point cloud color data and proposes two dedicated denoising
algorithms based on the characteristics of noise in different spatial
domains. In the denoising process, the RGB color space is first
transformed inte the YUV color space for further denoising
operations. Surface smoothing is achicved by employving either a
median filter or a bilateral filter based on the impact of noise on
spatial information. These algorithms, built upon 2D image
processing technigues, offer two key contributions: 1) color
correction on spatial points to enhance denoising performance,
and 2) the wse of low-complexity filters while maintaining
comparable filtering effectiveness, resulting in nearly a twofold
reduction in processing time.,
Keywords - Median Filter, Bilateral Filter, Point Cloud.
L INTRODUCTION

Point cloud is an unordered collection of points in 3D space.
Information such as color, normals, transparency, position. of
light intensity can be obtained through various acquisition
methods such as scanning or capturing reconstruction. Point
clouds have been increasingly applied in various fields,
including  medical modeling, heritage  reconstruction,
autonomous vehicle navigation, urban planning, and more.
Compared to traditional 2D images that can only present a

the acquisition process, point cloud data may suffer from
geometric and color noise due to sensor errors, environmental
interference., improper operation during acquisition, or noise
introduced during transmission and compression, resulting in a
degradation of its original quality.

Denoising has always been one of the significant challenges
in point cloud technology. Unlike one-dimensional signals or
two-dimensional images. point clouds do not possess explicit
structural data. Therefore, the problem is primarily defined
using Graph Signal Processing (GSP) [1] techniques. In
previous literature, numerous denoising algorithms have been
proposed [2]<[3]. but most of them focus on addressing noise
affecting the 3D positions. However, the color attributes of
point clouds often come with noise, and even the noise in the
positional indirectly impact the color
information.

attributes  can

This paper focuses on the color denoising problem in point
cloud space. Assuming the geometric space is either noise-free
or has been corrected by previous denoising algorithms in the
position space, the objective is to reduce noise in the color
attributes without decreasing the number of points or altering
the position properties of the point set. By adopting the concept
of graph signal processing, each point in the point cloud is
treated as a node in an undirected eranh. Buildine upon well-
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Abstract —The demosaicing process is the most critical step in
image processing, this study presents a3 Hamilton- Adams-based
algorithm for mosaic removal and image scaling. The algorithm
consists of three steps: image pre-processing, image scaling, and
improved Hamilton-Adams mosaic removal. The image pre-
processing stage employs a mean filter to reduce high-frequency
signals at the image edges, effectively mitigating the zipper effect
caused by image scaling and improving image guality. The
improved Hamilton-Adams method incorporates  high-gquality
linear interpolation to achieve more accurate edge computations,
In terms of image quality assessment, this paper increased 1.13 dB
of PSNR, 1.19 dB of CPSNR, and 0.03 of S51M values compared
to high-guality linear interpolation with bicubic interpolation.

KEYWORDS: Color  filter
Demosaicing, Hamilton-Adams, Image scaling

array, lmage pre-processing,

I INTRODUCTION

Consumer electronic products commonly feature image
signal processors, such as digital cameras and smartphones.
This product internally incorporates a charge-coupled device
(CCD) or a complementary metal-oxide-semiconductor and
utilizes the color filter array { CFA) for image acquisition. Most
of the CFAs use the Bayer pattern [1], as shown in Fig.1, where

SaAm . v

(red, green, or blue) can be recorded for each pixel, resulting in
a monochrome representation. By applving a demosaicing
algorithm, such as bilinear interpolation (BI) [2], it is possible
to reconstruct the RGB values for each pixel. However, this
approach often leads to unnatural colors and the appearance of
zipper artifacts. Other methods. such as High-quality linear
interpolation (HQLI) [3] and Hamilton-Adams (HA) [4], have
been proposed to mitigate zipper artifacts and provide more
realistic color reproduction.

Fig. 1. Bayer format.

A Linear interpolation demosaicing

HOQLI introduces a high-quality linear interpolation
demosaicing method for Baver pattern color images. This
method emphasizes the preservation and restoration of image
details. Linear interpolation demosaicing is a prevalent
technique that employs linear interpolation methods to
interpolate the missing color values for each pixel in the image.
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