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Abstract - Video stabilization is an important technology to remove annoying shaky motions from handheld videos. The 
hand held mobile cameras suffer from different undesired motions during video recording. The videos taken from hand held 
mobile cameras suffer from different undesired motions like track, boom or pan. Hence it is necessary to stabilize the video 
sequence, by removing the undesired motion between the successive frames. In this paper a video stabilization algorithm is 
proposed to get rid of unwanted camera motions. This paper proposes a method which extracts robust feature from the input 
video and then performs feature matching and tracking by KLT tracker. The feature trajectories obtained are then smoothed 
and finally a robust mesh grid warping algorithm is applied to stabilize the shaky video. Experimental results are provided 
and stabilization achieved is validated using quantitative measures such as Root Mean Square Error (RMSE), Peak Signal to 
Noise Ratio (PSNR), Structural Similarity Index(SSIM).These satisfactory experimental results demonstrate the 
effectiveness and robustness of proposed method. 
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I. INTRODUCTION 
 
In recent years due to development of hand-held 
digital cameras there is a dramatic increase in the 
amount of amateur videos shot. Due to the excessive 
amount of shake and undirected camera motion in the 
footage people find their videos hard to watch. Hence 
there is a need to develop high-quality video 
stabilization algorithms, which can remove the 
undesirable jitters from amateur videos and enhance 
users experience in watching these videos. A video 
can be stabilized during shooting or by post 
processing method. Many cameras consist of 
hardware stabilizers such as sensors and lens systems 
to remove unwanted jitters from videos. Such 
stabilizers are not sufficient to remove the 
complicated unwanted motions and it will still 
happen frequently if videos are taken by 
nonprofessional users. Most video stabilization 
algorithms are based on post processing of video. It 
includes a three-step framework: motion estimation, 
motion smoothing and image composition. Motion 
estimation estimates the motion between frames. The 
estimated motion parameters are forwarded to motion 
smoothing, which smoothes camera motion by 
removing high-frequency fluctuations. Finally, image 
composition warps frame and stabilized sequence is 
generated. Image composition also include motion 
deblurring and inpainting which improves the quality 
of the stabilized video. Various algorithms are 
proposed for improving quality of video by 
smoothing camera motion or retrieving the 
unintentional camera motion [1,2,3,4,5]. Some 
algorithms focused on improving image composition 
by deblurring and motion inpainting [6]. Thus three 
step framework was used in most of video 
stabilization algorithms.                                 
This paper consists a well-tracked features having 

structured regions of background or of interest. This 
algorithm extracts a set of robust feature points. 
Instead of estimating camera motion these feature 
points are matched accordingly and then smoothed. 
Once the feature trajectories are smooth, the next step 
is performing mesh grid warping which then obtains 
the stable video output. 
 
II. VIDEO STABILIZATION 
 
The basic block diagram of proposed video 
stabilization algorithm for stabilizing the shaky video 
sequences is shown in fig. 1 It consists of different 
blocks explaining the proposed scheme. 
 

 
Figure 1:  Basic block diagram of proposed scheme 

 
The following section gives the brief description 
about each block of the video stabilization system. 

1)  
2) 1)Feature Extraction and Matching 

A crucial step of stabilization is extracting robust 
feature points from a video. The unstabilized input 
video is first processed for feature extraction and 
matching. The various features that can be extracted 
are Speeded Up Robust Feature (SURF), Harris 
Corner Detector, Scale Invariant Feature Transform 
(SIFT).Here the SURF features are extracted and then 
matched. The feature matching is best suited for 
successive pairs of frames. The feature trajectories 
are obtained by concatenating frame by frame feature 
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matches. To obtain robust feature trajectories there 
are four main steps: Addition, Linking, Propagation, 
Pruning.  In addition feature points of current and 
next frame are detected. Linking is assigning 
neighbouring relationship to features. In propagation 
feature points are propagated by feature matching. If 
there is similar feature in next frame feature point 
will be propagated. In pruning after propagation all 
the trajectories are moved to correspondent positions 
in the next frame. Thus with these four steps a set of 
feature trajectories can be retrieved. Any mistake in 
feature extraction and matching can degrade the 
stabilization performance. 
2) Smoothing Trajectories of Extracted Features 
and Clustering 
In a video sequence captured there can be rolling 
shutter distortions. The positions of initially extracted 
feature points can be disturbed, since feature points at 
different rows within a frame are captured at different 
times. Here a set of feature trajectories is obtained by 
employing the Kanade-Lucas-Tomasi (KLT) feature 
tracker. the positions of initially extracted feature 
points may be disturbed by rolling -shutter 
distortions. 
A bi-layer frame is considered if frame, contains a 
relatively large object and a background.. In a bi-
layer frame, feature points on the object and 
background are dissimilar. The K means clustering 
technique is used to cluster the feature points on 
object or background. First divide all feature points 
into an adaptive number K, of distinct clusters and  
foreground features are determined. Then, merging of 
those K clusters is done until there are two clusters: 
one for the object class and the other for the 
background class. Finally, whether the object class 
contains feature points of a moving object or not is 
determined i.e. the current frame is bi-layered or not 
is determined, If the frame is bi layered then 
smoothing vectors of background feature points are 
used for the stabilization. Else all the smoothing 
vectors are used. 
3) Mesh Grid Warping 
The mesh grid algorithm consists of a source image, a 
destination image and two 2D arrays of coordinates. 

 
Figure 2. Example of mesh grid warping 

 
The first array, S, specifies the coordinates of control 
points in the source image. The second array, D, 
specifies their corresponding positions in the 
destination image. In order to establish a one-to-one 
correspondence both S and D must have the same 

dimensions An example of mesh grid algorithm is 
shown in fig 2. 
An mxn uniform mesh grid is set on the input frame. 
Using the relation between the feature positions and 
their smoothed positions, the uniform corner points 
are warped to stabilize the input frame. Fig 3 shows 
example of mesh transformation. 
 

 
Figure 3. The original frame and the output frame based on 

robust mesh transformation 
 

Mesh grid warping helps to stabilize the video 
sequence and at the output we get a stabilized video. 
 
III. EXPERIMENTAL RESULTS 
 
The proposed video stabilization method is 
implemented and simulated on MATLAB (R2013a), 
64-bit (win64).The proposed method is tested on 
shaky car video with the ‘.avi’ extensions. The 
quantitative measures such as Root Mean Square 
Error (RMSE), Peak Signal to Noise Ratio (PSNR), 
Structural Similarity Index (SSIM) are calculated to 
determine the efficiency of proposed algorithm. 
The graphical representation of these quantitative 
measures is shown below. 
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Figure 4. The graphical representation of the parameters 

RMSE,PSNR, SSIM. 
 
The parameter PSNR and SSIM of stabilized video 
should be greater than the original videos whereas the 
parameter RMSE of stabilized video should be 
smaller than the original video sequence. From fig 4. 
The blue color plotting indicates the stabilized video 
sequence plot whereas red color plot represents the 
original shaky video sequence plot. The exact mean 
of these parameters is represented and also the 
comparison of the original and stabilized video 
parameters is represented in Table 1. 
 

 
Table 1. Comparison of the parameters of original and 

stabilized video 
The comparison of quantitative values of original and 
stabilized video is shown in table 1. It is clear that the 
proposed algorithm obtains better stabilization 
results. After stabilization trajectories are much 
smoother and the video is stabilized. Thus proposed 
stabilization algorithm improves the visual quality of 
shaky video. 
 
CONCLUSION 
 

The proposed video stabilization method extracts a 
reliable numbers of feature points and corresponding 
trajectories and smoothes them for stabilization. 
Feature point extraction and matching is the crucial 
step in proposed scheme. The feature points are 
tracked by KLT point tracker. Extracted trajectories 
are smoothed and finally mesh grid warping 
algorithm is applied to stabilize the video sequence. 
Experimental results and graphical representation of 
the parameters evaluated show that the proposed 
algorithm stabilizes video which contain distortions, 
jitters in an effective manner. 
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