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Abstract - Latest vehicles use an array of systems for advanced driver assistance (ADA), for the sake of making
driving safer and more adjustable. One of these is the system that makes use of a series of internal cameras and
provides the driver with a view of the space around your automobile, which assist the driver when parking. The
bigger part of creating this system is an algorithm that handles the camera frames that are received at the same
time, from the four cameras on the car, which are located on the sides of the vehicle, in order to create a final
image of the area around the vehicle from above. In this article, we are going to introduce a new system that
provides a real-time view of the vehicle with four fisheye cameras to be positioned in the automobile. We aim to
provide new methods for the geometric calibration of individual cameras, as well as the calibration of all of the
systems camera, thus the camera only needs to be installed in the vehicle. Experimental results has been shown
that devised calibration is to perform a careful calibration of both the individual cameras and across the camera.
The system is implemented with the help of the hardware, Fpgas, and can perform complex operations in order
to deform, and the stitching of photos in real-time.

Keywords: Calibration, Geometric Alignment, Photometric Alignment, Surround view monitor
INTRODUCTION

In moving and parking cars on roads, especially one that has a curve, or runs downhill to the street and cannot be seen
through your rearview mirror. And if you are supposed to park in a parallel or perpendicular parking space and you if there
is no self-parking system. Also, when going up a hill, because of bonnet road is not clearly visible. All such situations can
lead to accidents. One cannot put price on safety. Thus, we propose to overcome this by introducing ‘Surround View camera
system’ in automobile for safety.

The main subject of this article, the visual volume of the system is to display, in the car, the driver is supported. A lot of
studies have been done in the area of the autonomous community of the law and the mobile robot in the field, covering the
specific tasks of the detection of a collision (with a static stationary or in motion object), pedestrian detection, blind-
spot monitoring, and road sign detection.

Within the journal Gandhi and Trivedi [2005a], journalist leave coating system with the aid of a microscope catadioptric
camera which is installed in the upper part of the car. Furthermore, the author's picture of catadioptric camera to create a
synthetic environment, the photographs of the vehicle further according to Gandhi and Trivedi [2005b], with the assistance
of a two-catadioptric cameras are to be installed close to the mirror, sideways look. This is a Elgenet manual. [2007] the
author describes the system of a two-flip-lens-cameras to detect the left and right side of the rear edge of the roof of a car.
Use the pictures, as they are once again surrounding the rear of the vehicle and the implement with an estimate of your car's
trajectory. All of the presented methods is to use a catadioptric, which is not very cost efficient, but it also is very hard and
difficult to be used in combination with a great exterior design of this car.
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2.0VERVIEW OF SYSTEM

The visuals, the volume control of a vehicle plays a worthy and important part in improving road safety, and to help the
driver to park and maneuver the vehicle. Such type of systems are used for a vivid range of passenger cars, trucks, tractors,
and boats and ships. Here we are going to discuss a particular implementation of the system includes vehicle-overview
of the passenger car. The Surround view system, a vehicle such as an improvement in the driver assistance systems that
will be installed on the newest car models. Surround view system, in general, it should be visually unobtrusive, and to
harmonize with the complete wholescale design of the out of the car, they're going to be a easy-to-use, simple-to-install
and maintenance-it should be less than the requirements of the equipment.

In view of these limitations, we have developed a cutting-edge, the new surround view car camera system is able to create
car, a view which can be viewed using a standard digital video camera equipped with a fisheye lens. The purpose of the
proposed system with four cameras have been installed in the vehicle. The cameras located in the front of the car (front
and trading of the radiator), and in the rear of the car (in the trunk above the license plate), and in the left-hand and right-
hand rear-view mirror. All the cameras are connected to a central device, which is to get a reaction from the viewer by
showing the concrete, frames, stitching together images from any camera, to generate a bird's eye of the species, and the
identification of the resulting image is output to a display mounted on the dashboard. All of the calculations that are
required in order to characterize the function is executed in real-time in an FPGA-based hardware.

A volumetric analysis of the system, which is based on a careful calibration of the internal and external parameters of
each camera, which is mounted in the vehicle. We offer you two steps. Both of these steps are designed for ease-of-use
in the industrial production in the vehicle.

3.CALIBRATION

A typical camera, the calibration procedure has been designed for the calibration of standard cameras, which are best
described by means of a pinhole camera model is extended with a radial and tangential distortion model, which is described
by Zhang [2000] and Tsai [1992]. Popular the calibration target to match the camera's field of view, and several of the
images are drawn from a variety of positions in relation to the objectives of the calibration. The calibration target is often
stiff, with visually, the well-known positions of the popular sizes, and are (for example, in a chessboard pattern, round
markers). In the initial phase of treatment, the calibration is to take multiple images of a calibration target, and the
identification of visual markers in the resulting images. Some of the of the marker positions is carried out by means of the
well-known image processing techniques, and can be, right up to the subpixel level. A comparison and description of the
various methods for the detection of the markers described in the work of Mallon and Whelan [2007]. Automatic marker
detection are based on the relative position of the cursor position, the shape, the size, color, or two different sizes of the
specific codes, such as QR-code, or a ARTag code. The advantages of this calibration is a low-cost, and easy fabrication,
the calibration object, and is well-described and well-known, the calibration of the algorithms. On the other hand, the camera
calibration is not behaving well for the cameras at the day of evil, describing the pinhole model. In addition, the detection
and identification of the markers can be completely abandoned, as they are using the cameras with a geometry (for example,
a fisheye lens), and can be sensitive to global conditions.

Our goal is to prepare, practice and adjusting to what that would be in a fully-automated, easy-to-perform, more reliable
and more fitable, and the calibration of the camera with a fisheye lens. Special attention was paid to the ease of industrial
application, and its integration into the production process.

With these goals in mind, we propose a method that uses a liquid crystal display (LCD) as the calibration target to the
camera of the automatic calibration process. Similar to the calibration with the help of an active goal of calibration is
provided by Sagawa et al. [2005], and Aubrey K. Dunn, [2007].

Our approach is different from that of the past, and so it is the resistance to different lighting conditions, reflections from
the glossy surface (matrix, LCD housing, and the camera's sensor artifacts (bad pixels, and the dust). To improve the
reliability to be achieved by the use of an optional set of gray color patterns, and combinations of the purposes of the
processing, to detect and eliminate anomalies.
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Fig. 1. Camera is placed between two LCDs with white
images displayed on both of them.

The calibration, setting a computer with two monitors, using liquid crystal display, and an FPGA development board, which
is responsible for controlling the camera's parameters (gain, shutter speed, etc). and a few photos. The Liquid crystal display
is used as a calibration target, which is located in line that is similar to an equilateral triangle with a missing on the other
hand. The camera is positioned between the display screen, in such a way that they take up most of the field of view, which
is shown in Fig.1.

The proposed method makes use of a structured-light (SL) method in order to determine the degree of alignment between
the coordinates of a 2D image, and the coordinates of the 3D calibration target. The camera calibration is performed in four
steps, as described below, the sub.

3.1 PATTERN GENERATION

It is the first step in the camera calibration process, the generation of the SL pattern. We will create two sets of samples of
the vertical and horizontal directions. Each set of templates is composed of an 8-gray, code templates, and an 8-phase-slip
model. We are using an 8-phase slip models, in order to avoid the problem with non-linear in the unknown, the gamma
function, intramuscular injection of the LCD screen. The total number of photos, graphics, 35 (32 photos of the vertical and
horizontal painting, a chess-board image (which is used for visual inspection), and all of the white and black images. The
resolution of the model according to the matrix, the solution of each of the liquid crystal as you can. The templates are
created, and not only used for your personal computer.

The regularities of the phase shift is determined by the number of sinusoidal revolution; and the out-of-phase. The number
of bits, the pattern of the gray code is chosen such that it corresponds to the number of periods of the sinusoidal sliding
phase of the pattern, and the gray code for every pixel, the access codes for the information corresponding to the sinusoidal
period of time. The number of turns and the number of phase shifts are marked experimental.

3.2.PATTERN DISPLAY AND ACQUISITION BY CAMERA

The SL pattern is constantly displayed on the LCD display, with a black image is displayed, other than that of the LCD
display. For those who are able to view the images, the FPGA development board receives an image from the camera is
displayed and report it, with the help of a wired Ethernet connection to your compatible pc (for a total of 70 in the pictures
are excluded
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(a) Horizontal absolute map

(b) Vertical absolute map

Fig. 2. Horizontal and vertical absolute map. Color en-
codes distance from top left corner of each LCD’s
matrix (z, y coordinates).

3.3 DECODING OF PATTERN

SL designs decoding is performed on the images of each of the LCD screen, separate, and separately for the horizontal and
vertical sets to choose from. Example, in the phase of moving to encode information about the relative phase of each pixel
in each of the sinusoidal period of time, which will definitely be a phase of the map, using the information is encoded in the
gray code pattern. In order to avoid any decoding of error of the pixels at the border of the black and white areas in gray,
photo mashups, we use a two-set of 4-gray variety of combinations. The other is a grey marking of the model is true, this is
the half- width of a small, gray-code, the band (the band of the 4th, the image of the set). When decoding, we have to decode
both sets separately, and combine the result with the relative phase of the map, along with the first code which is provided
by the grey-colored pixels, with an out-of-phase, which falls in the [/2, 37/2], and the second code is a set of a gray-colored
pixels, and for all other pixels. This gives a higher resistance to a variety of lighting conditions, and improper exposure of
the parameters.

The decoding phase of the SL pattern, causing the two, definitely the charts (horizontal and vertical) for each of the LCD
screen. For each pixel in the camera image corresponding to the LCD pixels, we will learn about:-the coordinates of the
corresponding pixel on the LCD screen, as shown in Figure (2).

3.4 DETECT OUTLIER AND REMOVE

The result of the previous step, which is close to the maps, the correspondence between the pixels in the camera image, and
the pixels on the LCD screen. The number of matches is a lot 500,000, and the specific implementation is designed to be
highly efficient and effective, and consistent with the model, and the non-linear optimization. To perform complex
calculations and to filter the possible observations (mainly the product of the reflections in the sides of the LCD screen,
dead pixels, the camera's sensor), we perform outlier detection procedures, and decimate the information.

A higher-order polynomial model is not required, as is the custom, the model is not only used for outlier detection. With
the help of a map, the score is calculated according to the inlier, where the distance from the projected surface area is not
defined in the eve of a millimeter (we saw it that it works better at a distance of 2 mm or more). After all of the inliers have
been identified, we randomly sub-select from a set of inliers, and select in one of the top 500 games, one for each of the
LCD monitor.
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3.5 GEOMETRIC CALIBRATION

The final step is to calibrate the total of the camera as a model, which is shown in the work of the Kannala and Brandt
[2006]. This is a camera model that allows us to use a wide range of lenses. Due to the limitations of the target hardware
platform, we chose to use the simplest model (p6) it is the best trade off between implementation complexity and accuracy.

After the calibration of the camera is known for all of the parameters of the model (p6): the coordinates of the critical points
in [u0, vO], and the parameters of the model, the lens, k1, k2, k3, k4. This will allow us to transfer images from the camera
and fish eye (the picture with the most intense distortion in the picture are projected on the curves of the image, which is
required for a model to hole-straight lines are projected onto a straight line)

After the completion of the calibration, the estimated parameters of the camera are stored on the internal flash memory of
the camera.
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Figure 3. The views and overlapping regions in the composite surround
view after geometric alignment. The composite surround view consists of
data from all four input frames, view 1, 2, 3, and 4. O » is the overlapping
region between view m and view n, and n is the neighboring view of view
m in clock-wise order, m = 1,2,3,4, n = (m + 1) mod 4. Image data

in the overlapping regions are used to compute tone mapping functions for
photometric correction.

3.6 PHOTOMETRIC ALIGNMENT

Due to the different light, the scene, the car, the Camera's Exposure (AE) and Auto white balance( AWB), color, or
brightness, of the same object, the camera capture can be very different. As a result, the cross-linked composite image can
be seen as a photometric difference between the two adjacent types. The purpose of a photometric alignment system for the
volumetric inspection is based on the overall brightness and the color of the view, so it is a composite view it looked as if
they were taken by a camera placed in the vehicle. In order to achieve this goal is we develop a global color and brightness
of the display function for each view, such that the differences inthe overlapping areas of adjacent views is minimized.

Subject to the right of the geometric alignment is already applied to the input images, a composite three-dimensional view
showing the Fig. 3. Composite material, a surround-view consisting of the data, all four of the input images, types 1, 2, 3,
and 4. The overlapping of the package, is part of the framework, which will be in the real world, but they captured two other
cells, that is, O(m,n), N =1, 2, 3, 4, N) = (M+1) mod 4. O(M,N) refers to the field in order to switch between the M and
the form N are the centers of adjacent pixels in a clockwise direction. Everything is in one place, there is an(m,n) of two
pixels, i.e., data, images, pictures of different types of M. and its spatial counterpart in terms of n. For the photometric
analysis, we use data frames, and the overlapping areas, in order to assess the global photometric correction.

The format of an RGB input, and we appreciate the composition of the mapping function, so that each RGB color channel
of each of the front camera, which will minimize the total root-mean-square error, the pixel values in all of the areas
correspond to the O(m,n), m=1, 2, 3,4) and n= (m + 1) mod 4. The difference of the pixel value is defined as the difference
between the pixel value of the camera to m and the value of its place, the counter of the camera’s n. In order to make the
calculation easier, we have to reduce the number of overlapping regions of the block, the average of the pre-computation of
the error.

This feature works for each of the four cameras together, in order to optimize each color channel, but no matter, in order to
optimize the different color channels. In order to achieve the photometric calibration, we apply the optimal functions of the
input frames. YUV input format, we first convert the YUV of the information to the RGB information, and the standard of
the YUV to RGB conversion matrix, and then to evaluate the optimal tone function for the RGB channels, and to apply the
law, hold the note, and, finally, get the YUV output by turning the photometric from the RGB data into YUV format by
default, the RGB-to-YUV conversion matrix.
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4.SURROUND VIEW SYNTHESIS

After the camera calibration is complete, the display image, the output is generated. A flow chart of the algorithm
(developed in C++ using the OpenCV library in order to generate the output of the above is shown in Fig.4 . The camera
frame, with four cameras, are located at different positions (front, rear, left and right side) of the vehicle, the system is ready
and the red lines are placed around the remedies for the treatment and is the best made-up of images from the cameras,
compared to the previous quarters of the year, to create, to produce, from the top of the image. After the loading is carried
out as a part of the linear distortion correction, with the help of the settings of the camera are obtained by the calibration of
video camera. For image distortion, fisheye, firm, genuine, straight from occurring, it is correct. As you know, the wheels
on the car, it is a perfect plan, just as they are, you need to fix your photos. Then the perspective transformation is performed
with the aid of a tool to reflect, from the perspective of the OpenCV conversion. This is the function to use for a defined,
four-sided, in the right image, the dimensions of which determine the width of the element inside of it, and the sphere of
interests of all the images. Compare that to a four sided image, in the horizontal and vertical directions, and you can
determine the size (width and height) of the quadrilateral. After the completion of the perspective change, and rotate them
in the right way, it is the best image of the surrounding vehicles, the top of which is manually selected, the four-top-view
images. The overlapping views are identified by the red line, in the additional comments on images, and the Harris corner
detection system, OpenCV technology in a format, which is a four-sided all around the car vehicle.

Figure 4. Flowchart of composite synthesis algorithm

5.RESULT AND ANALYSIS

In our tests, we used the four fisheye cameras with 180-degree fields in terms of the writing in the images is an 8-bit RGB
color images with a resolution of 1280x720 resolution. A composite three-dimensional image, a size of 1920 x 1200 or
more in each of the overlapping area of 640 x 400. We use a 16x16 block size in order to reduce such as Q m, nto ® m, n.
The higher limit is 1600, and the penalty coefficient is 0.4.

Figure 5 shows the resulting component of the representation of the frames, with each and every step of processing. You
will get the value for each frame, and each color channel can take away most of the photometric balance, as shown in Figure
5 (), but it is still one of the limits that looks like (Figure 5(b)). After proclaiming the foundation of the mapping curves,
photometric matching full refund-and shared the borders to disappear completely (Figure 5).

We have also said in the statement that the graph is a single region of each of the composite image, which shows the
correlation between the data samples of the two adjacent views, within this overlap region. Each and every data point in the
scatter chart are represented in several of the samples from the two cameras is that both the" look " of the item on the basis
of several frames from natural world. The closest to the data points corresponds to the y = x line, the better the color and
brightness of the consistency of the two adjacent views. The progress that our proposed photometric adaptation of the data
samples, then move closer and closer to the lines y = x, and, therefore, suitable in color and brightness in the area of the 5(c)
between adjacent views.
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Fig. 5. Composite surround view image with different levels
of processing. (a) Without photometric correction, (b) with
gain correction only, and (c¢) with both initial gain correction
and the tone mapping curve adjustment. In the scatter plots,
x-axis is the set of values in @y 3[i, j] and the y-axis is the
values in 63_3[1’.j]. Blue, green and red data markers indicate
the data samples in the B, GG and R channels respectively.

Our devised photometric alignment algorithm is to adapt the device to another in such a way that the minimum requirements
are met, and computationally is very good. The correction of the algorithm does not need to work at a space, the
neighborhood, and only needs to 255 entries, in order to maintain the foundation's curve, in order to keep in every sense of
the word, and for each color channel of an 8-bit image. This works very well for a scene in its own right. In order to improve
the results in additional computational costs, the mix of methods that can be used to represent on their own, a local special
treatment, which is designed to reduce the appearance of lines of this type [2, 5]. However, it is clear that, in our experiments,
in order to mix without an appropriate photometric adaptation is sufficient to give is a natural composition of the species.

6.CONCLUSION

This project is carried out in a successful way, by explaining the procedure in order to obtain better than that of the synthetic
images, the combination of different calibration and synthesis methods. In this system, we have built a complete solution of
the three-dimensional images in real time, the readiness of the application of the ADA. We have outlined three of the most
important components of our surround view solution: (1) the Geometry of the mapping, (2) the Photometric mapping, and
(3) the Composite of the show could be seen. We are responsible for the design and architecture, feature all of the solutions.
In addition, we have described in detail the methods that are used, in order to enhance our instant, DSP is the solution. In
the devised solution, we have been able to achieve a very high level of quality with high definition video output at 30
frames-per-second.
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