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Abstract : This study has focused on the creation of a digital video stabilisation system based on globally retrieved
characteristics. Due to the descriptor choice, the final system has been discovered to be computationally much faster, making it
much quicker than the present systems and exhibiting enhanced PSNR and MSE values. The suggested HDL language, VHDL,
has been used in its implementation. For purposes of verification, the MATLAB Computer Vision Toolbox Dataset has been
utilised.
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. INTRODUCTION

DVS is a post-processing video stabilisation method that is very quick and effective. But because of its limits, it often leads to
distortions being added to the frames of the video. When interpolation is employed to fix the frames, prominent edges and high
frequency details may be damaged or destroyed. Frames lose information as a result of motion. However, DVS makes real-time
applications viable. For the algorithms to provide real-time performance, they must be upgraded.

Figure 1 blocks show what a typical digital video stabilisation system looks like. Motion estimation is the process of extracting
broad motions from the frame data of a movie. However, motion correction makes a distinction between positive and unfavourable
motions [1,2]. movements. The final stabilized video is produced via image correction, which also makes the required adjustments.

e Input
* Motion Estimation

e Motion compensation

Fig 1 Video Stabilization Process

Il. LITERATURE SURVEY

Gradient approaches are being developed for picture sequence analysis applications. The equation for the optical flow constraint
is solved using the gradient method. Multiple extra limitations are employed to help with the solution of this problem. For instance,
the Horn-Schunck method may be used to reduce the square of the optical flow gradient magnitude [3].
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The benefit of unit gradient vectors is that they are insensitive to continually changing image intensity. Compared to the
mentioned traditional processes, the created system purportedly offered motion estimation algorithms that were robust to changing
illumination circumstances. As information is gleaned from following frames in [4], trans-rotational motions are taken into account.
Following the Horn Schunck technique, which estimates motion using an affine model and optical flow, video sequences are
stabilised using a model fitting filter. Although pixel recursive is a variation of closely related gradient-based algorithms, it should
be acknowledged as a separate, distinct class due to its major contributions to the area of computer vision. A part of the iteratively
gradient Displaced Frame Difference approach is predicted error minimization (DFD). The Netravali Robbins approach, a version
of the pixel recursive method, uses the formula to update the DFD vector iteratively [5].

Block Matching Techniques are the reduction of a differentiative measure [6]. Therefore, block matching works by comparing a
block from the current frame to a block from the previous frame to see whether they match. Full search is used to discover which
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projected representation of the current block is the best by calculating the matching criteria between the current block and all of the
other blocks in the search area. As a result, the approach becomes costly and time-consuming to calculate, particularly for real-time
applications. TSS (three-step search) begins with a rectangular search window and progresses to a position in the middle of the
search space. The authors of [7] introduced the adaptive rood path search (N-ARPS) method with a simple motion prejudgment
adjustment. (SMP). Depending on the motion characteristics, SMP will choose a search method for each block. Modern studies on
the three search algorithms have only recently been disseminated in the literature. [8] examines a video stabilisation approach for
translational motion analysis based on Gray coded bit plane (GCBP) matching employing a GCBP of image sequences in order to
provide quick motion estimation and reduce processing burden. The three-step search (TSS) and GCBP matching, which conduct
an effective search during correlation measure calculation, further increase computing efficiency. The authors employ motion
search in (9) to find the block's position in the reference frame that is the closest match, and then use that location to extract the
block's local motion vector in the present frame. Fewer blocks were used to reduce the algorithm's complexity. The diamond search
uses a big hexagon as opposed to a huge diamond in order to follow the same search pattern as the hexagon-based search algorithm
(HEXBS)[10]. In a variant of the HEXBS[11], a rood-shaped pattern is utilised to forecast motion direction, and a hexagonal-based
search is employed to improve the search process (HexBS). A New Adaptive Rapid BMA [12] has also been developed, and it is
useful for eliminating temporal redundancy in sequences having slow, medium, and rapid motion content. Block matching
algorithms may be used to match sequences in rapid, medium, or slow motion, and it is clear from the context of the discussion that
no one method will be equally effective for all types of motions. However, it has been shown that in terms of the number of
computations, BBGDS (block based gradient descent search) and diamond search (DS) perform better than other methods. A short
diamond search pattern (SDSP) and a long diamond search pattern (LDSP) make up the DS algorithm (LDSP). Finding a match
that will occur in the centre of the LDSP is the goal of the LDSP pattern. According to a field investigation, simulation findings
utilising DS are more accurate than TSS with a matching NTSS in terms of compensatory error. Some authors, including [13], did
overcome this issue with an end application of stabilisation that combined the Diamond search-based quick block matching
approach with the Hooke Jeeves algorithm. Their research showed that this combination significantly improved the accuracy of
motion estimation.

Frequency-based methods depend on precise transformations from one frequency domain of the picture to another (e.g. Fourier
or Gabor transform). To produce the measurements, a correlation factor with various phase shifts is commonly utilised (which
corresponds to a translation in the image domain). A motion estimate approach based on logarithmic search was provided by [14]
in an attempt to reduce spatial redundancy, however it was unable to accomplish so without becoming more sophisticated. The
restored photos' visual quality suffered as a result as well. The methods in [15], [16] are among the most widely used FFT-based
motion estimate methods. Frequency-based motion estimating techniques have drawbacks that make them unsuitable for a range of
applications, particularly those that use real-time data. The method of calculating the Global Motion Vectors (GMV) using changes
between piggybacked video frames is known as global motion estimation. Frame-to-frame motion in movies must be quantified
using GME stabilisation. The digital video stabilisation system relies on estimate of the global motion parameters between adjacent
frames as well as the geometric transformation parameters included in the picture plane coordinate systems of back-to-back frames.
The system’'s jitter reduction technique influences how well the global motion parameter is calculated.

For the purpose of computing motion vectors, GME employs many methods. Using feature-based motion estimation, the 2D
motion is estimated as a motion model and used to determine global motion. Two methods to classify it are in terms of local and
global elements. Local characteristics are things like points, edges, corners, faces, textures, and colours that can frequently tolerate
occlusion. They, on the other hand, have a lower noise tolerance. Properties between interframes may be found via feature-based
motion estimation. [17] describes a new work that uses a block-based motion estimation technique to accomplish global motion
estimation. When using feature matching algorithms like those described in [18], it is possible to extract the relevant features SIFT
and SURF from both the current and reference frames. The necessary features are found, and utilising matching characteristics, the
global motion parameters are computed. Block matching methods that just consider translational movements are less precise and
flexible than algorithms that include account for other motions like rotation and zooming. Shen [19] presented a new approach to
digital video stabilisation by extracting features using the PCA-SIFT (Principal Component Analysis Scale Invariant Feature
Transform) technology. To choose similarly spread out locations for Harris point detection, grid sampling was used in [20]. To
produce the global motion matrix, the points were matched using feature window matching and then confirmed using the distance
condition. Recently, few studies that used the homography approach [21] have also been completed. Other works mentioned are
[22,23,24,25,26].

1. IMPLEMENTATION

Implementing SURF-based high performance embedded system designs is not without its challenges. Interest point
identification and description were incorporated in the design. For real-time calculation of interest point detection and interest point
description modules on different rows of a video frame, two simultaneously operating layers will offer parallel operation. One layer
is used for interest point detection, while another is used for interest point description. The matching of interest locations across
frames is a component of motion estimation. The pipelined architecture that has been used consists of three steps.

1) Static block identification and description

2) Global motion calculations

3) Motion correction

When identifying interest points, a filter-like array of processing elements is employed to facilitate pipelining. Each processing
unit carries out five MAC operations to determine the response of box filters and Haar wavelets from the image. The coefficients
from the filters are subsequently stored by the processing components. The 4x4 Haar wavelet is subsequently stored in the central
processing component of the array. For pipelined operation, a delay of one pixel arrival is required since the pixels are streamed
into the rows of processing components at a certain data rate.

The last level of SURF descriptions includes processing elements as the architecture for interest point. The Haar wavelet
response values, Hx and Hy, are part of the process of identifying interest points and figuring out the Hessian filter response, and
they are calculated for each individual point separately.
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e Static Blocks

¢ Global Motion Calculation

e Compensation

Fig 2 Scheduling in stages

IV. RESULTS AND ANALYSIS
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The dataset used to gather the videos for the system testing is the MATLAB CV Dataset. The highest PSNR values, however,
are far higher than the 35 dB threshold in all of the movies, for both the Deshaker stabiliser from which the comparisons were made
by [27] and the method they also recommended. The PSNR number we obtained, 41, was the lowest of all the movies we looked at
in the datasets, and the average value, 37 dB, was the lowest for the MATLAB dataset. The recommended approach has
continuously shown to be correct in terms of enhanced stability by generating higher PSNR. A comparison of average values from
datasets is shown in Table 1. The suggested approach greatly improves the MSE values, which have a maximum average value of
3.664 and a lowest average value of 1.94 for the same shaky Rhino footage. As a consequence, the stability and video quality are
greatly improved. The values are listed in Table 2. the system was sluggish and the board's resources were being used up quickly,
the system is being built on a basys3 FPGA Board. When all stages of video stabilisation, including Motion estimation, correction,
and smoothening, are taken into consideration, the recommended solution, which makes use of the Nexys A7 Artix-7 FPGA board,
demonstrates a much better implementation and resource utilisation. An explanation of resource use is given in Table 3.

Table 1 Comparison of PSNR

Online stabilizer like Deshaker Proposed
PSNR 25 Db 37 Db
Table 2 Calculations for MATLAB dataset
Dataset No of Videos Highest Lowest average | Highest average | Lowest average
Average PSNR P MSE MSE
SNR
Computer 10 37 4.66 3.664 1.94
Vision Toolbox
Table 3 Artix 7 Board Utilization
Device Utilization comparison Proposed
Board Used Nexys A7 Artix-7
Registers 10%
Look up Table 10%
DSP 19%

V. CONCLUSIONS

Building a stabilizing system with specific uses in mind was the goal of this endeavor. We wanted to create a stabilizing
mechanism that we could use on off-road vehicles and unmanned aerial vehicles. Videos taken with such recording devices have a
particular sort of distortion that is more translational than rotational. As a result, the design was created with the end applications in
mind, and the algorithm was changed to precisely respond to these circumstances. The system is much quicker in processing. As a
consequence of these circumstances, the complexity of the suggested method was also lowered, and we were able to suggest a
small-footprint, real-time Video Stabilization program that was ideal and has been implemented on to the Nexys A7 Artix-7 FPGA
Board
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