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ABSTRACT: Video stabilization is the method of removing unwanted movement from a video stream. Our 

objective is to stabilize video which contains undesirable camera jitters because of unstable camera motion. 

In this paper, we have proposed three algorithms for stabilization of jittery videos. 

 1. Video stabilization based on L1 norm 

 2. Video stabilization based on L1&L2 norm    

 3. Video stabilization based on s-R-t transform    

The first algorithm is based on L1 norm. L-1 norm   is related with Least Absolute Deviation (LAD) or Least 

Absolute Error (LAE). It is minimising sum of absolute difference between consecutive video frames. To 

obtain the optimal camera path composed of distinct constant, linear and parabolic segments, we have 

minimised the first, second, and third derivatives of the resulting camera path.  L-1 norm algorithm allows 

for video stabilization beyond the conventional filtering of camera paths which suppresses high frequency 

jitters.  

 The second algorithm based on L1-L2-norm.  L2 optimization achieves the best estimation in least square 

sense. In order to keep the boundary information of original videos as much as possible optimal smooth 

camera path should be close to the original path. λ is a weight to adjust the smoothness of path. It can be 

treated as a factor which controls the degree of stabilization.  
In the third Algorithm, hybrid technique which is the combination of RANSAC and s-R-t transform is proposed 

to stabilize jittery videos. RANSAC algorithm is used to find effective inlier correspondences and afterward it 

derives the affine transformation to map the inliers in consecutive video frames. Camera motion is corrected 

by affine transform. Then s-R-t Transform (scale-rotation-translation) is constructed for motion 

compensation. This transform makes smoothening of video frames and also removes jitter in video. 

Comparing the stabilized and shaky video it is confirmed algorithm based on L1-L2 norm satisfy the human 

perception and there is remarkable elimination of high jitter from shaky videos.  

 

Key words:  Video Stabilization, L1 optimization, L1-L2 optimization, camera path, RANSAC Algorithm, 

Inlier and outliers correspondences, Affine Transform, s-R-t Transform,  

 

1. INTRODUCTION 

     Recently, market of handheld camera has grown rapidly.  It is difficult for amateur recorders to 

make shooting of video sequences with hand-held devices [1].  Video capturing by non-professionals 

or armatures will lead to unanticipated effects like image blurring, image distortion etc.  In case of 

shooting camera attached to the moving vehicle has, jerks and vibrations due to which jittery video 

are produced.  Many researchers are working on such problems to improve the grade of recorded 

videos [2]. 

     Video stabilization is the method of removing unwanted movement from a video stream.  

     Generally the processes of stabilization undergoes three phases namely 1) Motion estimation 2) 

Motion smoothing 3) Motion compensation. The objective of first phase is to estimate the motion of 

the moving objects in the frames. In the second phase, parameters of estimated motion are utilized for 

motion smoothening, which calculates the global transformation and t removes the high-frequency 

distortion [12]. Next, warping is essential for motion compensation to get stabilized video. These are 

fundamental steps in the video stabilization technique [6]. 
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2. LITERATURE REVIEW 

     Many algorithms for video stabilization have been proposed over the past two decades. Most of the 

proposed methods try to compensate for all motion producing a sequence [15] with a motionless 

background. The first part of the video stabilization is the selection of feature points or points of 

interest. These feature points have high localised information. In the  late 1970's, Labeeb Mohsin 

Abdullah et.al. [24] had proposed an algorithm to stabilize the video sequence by using Harris corner 

detection technique. Harris Corner Detection is one of fastest algorithms to locate corner values [10]. 

Edward Rosten et.al proposed faster and better machine learning way of corner detection [7]. This 

algorithm has used principle of identifying Interest points in an image. Yue Wang et.al. had proposed 

real-time video stabilization for unmanned aerial vehicles.Elmar Mair et.al.[8] had proposed means of 

adaptive and generic corner detection on the basis of the Accelerated Segment Test. Harris C.and 

Stephens M.J. proposed combined corner and edge detection to cope with image regions containing 

texture and isolated features . Their approach is on the basis of the local auto-correlation function. 

Mohammed A. Alharbi had proposed Fast Video Stabilization Algorithm  where Affine motion model 

is utilized to determine the parameters of translation and rotation between images. The determined 

affine transformation is then used to compensate for the abrupt temporal discontinuities of input  

video sequence. 

Matsushita Y. et.al. modelled motion parameters between two frames of a video  by using two 

dimensional affine or projective approaches .Generally in two dimensional models, all the estimated 

affine motion parameters are compensated and subsequently the unwanted motion is removed from 

the input sequence[19]. Duric et al. uses a vehicle method to filter the high-frequency components of 

the rotational parameters. To estimate the rotational parameters they applied a flow-based motion 

estimator to the distant points, and the solution is recursively refined to obtain smoothed motion.  

Hansen et al. [13] proposed fast implementations of 2D stabilization algorithms using a mosaic-based 

registration technique. Burt et al. introduced an algorithm using a multi-resolution, iterative process 

that estimates affine motion parameters between levels of Laplacian pyramid images [14]. 

     Yao Shen et. al. used principal component analysis to estimate unwanted inter-frame motion, 

however extensive computation are required  for good accuracy. Video jerkiness can be removed by 

Dynamic Time Warping. Shape changes caused by undesirable camera motion are compensated by 

this method. J.L. Barron et.al.[17] worked on stabilization based on differential optical flow. 

 

3. PROPOSED ALGORITHMS 

In this work, we have proposed three algorithms: 

� 1.Video stabilization based on L1 norm 

� 2.Video stabilization based on L1&L2 norm    

� 3.Video stabilization based on based on s-R-t transform    

3.1Video stabilization based on L1 norm 

Mathematically a norm is a total size or length of all vectors in a vector space or matrices[16]. 

L1-norm is computed for a difference between two vectors or matrices, that is SAD(��, ��) = ||�� − ��||�=∑ |��� − ���|�                                                            --(3.1) 

it is called Sum of Absolute Difference (SAD). 

We want our computed camera path P(t) to adhere cinematographic characteristics, but not to 

introduce additional cuts beyond the ones already contained in the original video.  

We optimize our paths to be composed of the following paths segments: 

• A constant path, representing a static camera, i.e. DP(t) = 0,  where D  is  the differential operator. 

• A path of constant velocity, representing a panning or dolly shot, i.e. D2P(t) = 0. 

• A path of constant acceleration, representing the ease in and out transition between static and panning 

cameras, i.e. D3P(t) = 0. 

To obtain the optimal camera path composed of distinct constant, linear and parabolic segments, we 

cast our optimization as a constrained L1 minimization problem An overview of video stabilization 

process based on L1 norm is in fig.3.1.  
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Figure 3.1 overview of video stabilization process 

 

For the given input video, firstly detect feature points. The feature points have localized information. 

After getting feature points, track these points from one frame to other to show the correspondence 

between feature points. RANSAC algorithm can be used to reject outliers and to give best estimate of 

inliers. This gives global motion vector which represent original camera path. Now we have to choose 

crop window at the centre of frame then from linear programming, update transform is obtained [18].  

This transform is similar to affine transform which gives information about scale, rotation and 

translation of camera. By applying this transform, crop window is moved proportionately and cropped 

video is extracted which gives stabilized video.  

3.1.1 Mathematical formulation of L1 optimization  
Let the frames of the video are denoted by I, I2,… In, and the motion of features from It to It-1 is 

modelled by a 2D motion model Ft, which is similarity or affine. Then the original camera path Ct is 

defined as 

                                                           --(3.2) 

From original path Ct, desired optimal path Pt  is given by  

                                                                                                   --(3.3) 

Where Bt is the update transform that stabilizes the corresponding frame. optimal path of camera  is  

composed of three kinds of segments: a constant path representing a static camera, a path of constant 

velocity representing a panning or a dolly shot and a path of constant acceleration representing ease in 

and out transition between static and panning cameras[20].  

Solving the linear program for above three types of camera paths, it returns update transform Bt which 

can be applied to specified crop box within the frame, thus moving the crop box to a position such 

that the contents of the crop box now contain the scene with a motion path of Pt[4]. 

Original motion path Ct=F1F2F3…Ft   which describes the displacement of the scene at time t from 

original position at time t= 0. 

Update transform Bt, which is applied to crop window within the original video to obtain our new 

optimal camera path   Pt=CtBt 

Update transform is defined to be an affine Transform A(pt) whose parameters are ��, ��, ��, ��, ��, ��. 

Bt = A (pt) = ��� ���� ��� ���� � ������                                                                         --(3.4) 

Update transforms are obtained by solving a linear programming optimisation problem which 

minimises a cost function. 

Therefore, the objective function of L1 optimization problem is 

O(P)= ω1║�(�)║ + ω 2║��(�)║ + ω 3║��(�)║                                                           --(3.5)        �(�)  = derivative of constant path, representing a static camera       
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��(�) = derivative of constant velocity path, representing a panning or dolly shot   

 ��(�) =derivative of constant acceleration path, representing the ease in and out transition between 

static and panning cameras.   

ω1, ω 2 ,ω 3 are  empirical weights  

1. Minimizing │D(P)│ 
Using forward differencing 

│D(P)│=∑ │���� − ��│� =∑ │ ��� !��� −  �!�│�  

Using eq. (3.5) applying the decomposition of Ct in eq.(3.4) 

│D(P)│= ∑ │ ��� "���!��� −  �!�│�  

With known Ct, we therefore seek to minimize residual function overall Bt. ∑ │#�│� , with Rt= "���!��� −Bt                                                                         --(3.6) 

2. Minimizing  │$%(&)│ 
While forward differencing  

      │��(�)│=∑ │D���� – ���│� =∑ │D���� – D����│� =∑ │���� − 2���� � ��│�  

    We model the error as additive instead of compositional. We therefore minimize  

          directly the difference of the residuals. 

    │#��� − #�│=│"���!��� − () � "���)!��� � !�│                                              -- (3.7) 

3. Minimizing  │��(�)│ 

Similarly forward differencing 

            │#��� − 2#��� � #�│=│"���!��� − () � 2"���)!��� � (2) � "���)!��� − !�│ 

                                                                                                                                           -- (3.8) 

3.1.2 Steps of proposed algorithm1 
Step 1: Detect feature points in the video frames. 

Step 2: Perform global outlier rejections by RANSAC. To improve the accuracy of outlier rejection, 

set a minimum distance between features. 

 Step 3:  Perform motion modelling and compute original Camera path. Original camera path 

represents the unintentional camera path. 

 Step 4: select crop window at the centre of frame, then by applying linear programming minimise 

optimization function, which gives update transform. 

Step 5: Apply update transform to crop window. The update transform gives information of camera 

movement in the form of affine transform step 6: cropped video frame is exported which represent 

stabilized video. 

3.2 Video stabilization based on L1&L2 norm    

L2-norm is the least squares method which minimizes root mean square differences [15]. The 

equation of L2-norm is ||��−��||�= *∑ (���−���)��                                                                                               --(3.9) 

L1has derivatives which are exactly zero for most segments; while L2 optimization is to achieve the 

best estimation in a least square sense. In order to keep the boundary information of original videos as 

much as possible it is required that the optimal smooth camera path should be close to the original 

path. This can be realized by the introduction of a L2 term in the objective function.  

O(P)= L1(P)+ L2(P)                                                                                           

O(P)= L1(P)++‖� −  ‖                                                                                                 -- (3.10) 

Where L1(P) is L1 term with( -1 = -2 = -3 = 1) 

L1(P)=║D(P)║+║��(�)║+║��(�)║                                                                            --(3.11) 

λ is a weight to adjust the smoothness of path. 

L2 term, it minimizes the difference between original camera path and optimal camera path. 

                                                        --(3.12) 

Introduction of L2 norm can automatically set the weights of the three kinds of segments according to 

the shape of original camera path [11]. If the original path is nearly constant (with high frequency 

jitters) in a period of time, then the weight of ||D(P)|| in L1 term is much greater than that of two 

others because the optimal path should be close to constant due to L2 norm. If a segment of original 
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path is with almost constant velocity, then ||D2(P)||dominates the L1 term. Note that the optimal path 

of our algorithm is smooth without setting weights on three kinds of segments. As optimal path is 

closer to the original path hence, we can set the crop window larger to retain more content of original 

video. 

Steps of proposed Algorithm-2 
Step 1:  detection of feature points and tracking, outlier rejection by using RANSAC  

Step 2: Fit motion model Ft and compute the original camera path Ct. 

Step 3: Solve mixed L1-L2 optimization problem as given by equation (3.10) and obtain update 

transform Bt. 

Step 4:  movement of crop window as per update transform Bt. 

Step 5:  export cropped video which is stabilized video. 

3.3 Video stabilization based on based on s-R-t transform    

In this algorithm hybrid technique which is combination of RANSAC and s-R-t transform is proposed 

to stabilize jittery videos. The methodology adopted for video stabilization is given in the algorithm. 

Steps of proposed Algorithm-3 
Step1:  Read first two frames of a video sequence as frame A and frame B.  

Step2: After reading two frames, Red-Cyan color composite is produced to locate pixel wise  

           difference between them.  

Step3: Detect salient Points (feature points) and establish correspondences between these 

           points.  

Step4: Lots of the point correspondences obtained in this step have limited accuracy; hence 

           use the Random Sample Consensus (RANSAC) algorithm, to get powerful estimate of 

          transformation between Frame A and Frame B.  

Step5: make the use of s-R-t transform, to stabilize given input video sequence. 

Step6: Run full video through MATLAB video player. 

 These steps are elaborated with simulation results. 

3.3.1 Read Frames from Video Sequence 
     In this step, first two frames of a video sequence are read. As the colour is not essential for the 

stabilization purpose hence these frames are read as intensity images.  

     Fig.3.2shows both frames side by side. The intensities of pixels are separated from colour. There is 

a sizable vertical and horizontal offset between the two frames as a result of movement of camera. 

 
Figure 3.2 Reading the two frames from a video sequence 

 After reading two frames, Red-Cyan color composite is produced to locate pixel wise difference 

between them as shown in fig. 3.3. 
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Figure 3.3Red-Cyan color composite 

 

3.3.2 Collection of Salient Points (feature points)  
     In this step we have to gather feature points which will correct the distortion between the two 

frames. Feature points are the points of interest such as corners, signs on the way, tops of trees, etc. 

All these points are having localized information [9]. For detecting feature points there are several 

corner detection algorithms like: Harris & Stephens’s corner detection algorithm, Moravec corner 

detection algorithm, SUSAN corner detector, etc. We use here FAST (Fast Accelerated Segmented 

Test) method for detection of feature points. It gives proper feature points with less computational 

time.  

The detected points from both frames are shown in the fig.3.4; features such as corners of the cars, 

points across the tree line, corners of the large road sign etc. are covered   in both frames A and B. 

 

 

 

Fig.3.4(a) corners in frame A    Fig. 3.4(b) Corners in frame B 

  

Figure 3.4 Collection of salient points from both frames (a) corners in frame A (b) Corners in frame B 

 3.3.3 Find correspondences between feature Points 
     In this task, correspondences between the points from frame A and B should be established. For 

every point, we use Fast Retina Key point (FREAK) descriptor devoted to it. On the basis of sum of 

square differences (SSD) between their respective image regions matching is performed [3].  

 Fig.3.5shows the correspondences between features Points of frame A and frame B. In which feature 

points of frame A are shown with red colour, and the feature points of frame B in green colour. 

Yellow lines represent correspondences between feature points. As there is no unique constraint, 

hence points from frame B can match multiple points in frame A [26]. Several correspondences are 

correct, but still there exist number of outliers. 
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Figure 3.5 Correspondences between Points 

3.3.4 Find effective inlier correspondences from Noisy Correspondences  

     Lots of the point correspondences obtained in the last step have limited accuracy. To rectify this 

issue, Random Sample Consensus (RANSAC) algorithm can be used which is implemented in the 

Geometric Transform function in Matlab software[27]. Utilizing the Random Sample Consensus 

(RANSAC) algorithm, a powerful estimate of transformation between two Frames A and B could be 

derived. 

RANSAC algorithm works to find effective inlier correspondences and afterward it derives the affine 

transformation to map the inliers in Frame A to Frame B. This transformation is capable to improve 

the image plane . 

The RANSAC algorithm is repeated multiple times and at each run the cost of the end result is 

calculated by projecting frame B onto frame A via Sum of Absolute Differences between the two 

image frames. SAD measures the distortion between two frames by evaluating the similarity between 

image blocks. Equation (3.13) defines the SAD between elements in two image blocks. 

                                                                          --- (3.13) 

    Where cij represent elements in the first frame and rij are the elements in the next frame. 

      On the basis of SAD values, affine transform is obtained which makes the inliers from the first set 

of points to fit with the inliers from the next set [25].   Affine Transformation gives details about a) 

Rotations b) Translations c) Scale operations of camera which contain total six parameters as given by 

equation. 

                                                                                             -- (3.14)       

The parameters ‘R' defines scale, rotation effects of the camera, while the parameters‘t’ are translation 

parameters. All the six parameters of the affine transform can be used for approximation of transform 

but for numerical simplicity and stability, s-R-t transform (scale-rotation-translation) matrix is formed 

[22]. This transform has only four free parameters which are one scale factor, one rotational angle, 

and two translations. 

In order to extract scale, rotation from affine matrix H, we have to consider 2×2    R matrix of 

equation (3.14). 

Compute theta(rotation) from mean of two possible arctangents 

                                   
Compute scale from mean of two stable mean calculations 

 
Translation remains the same i.e.  Translation = H(3, 1:2) 
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After extracting scale, rotation and translation as above from matrix H,   s-R-t matrix is obtained 

which is denoted by H s-R-t.                                                     

                                            --(3.15) 

Now feature points in frame B are reprojected by necessary amount which is determined by affine 

Transform.   

Fig. 3.6 shows a colour composite showing frame A overlaid with the re-projected frame B. It is clear 

from this figure, inliers correspondences gets exactly coincident which provides more favourable 

results. The cores of the images are both well aligned, such that the red-cyan color composite 

becomes almost purely black-and-white in that region. 

 
Figure 3.6: Color composite After RANSAC and Affine Transform     showing frame A overlaid with the 

reprojected frame B 

3.3.5 Transform Approximation and Smoothing  
  In this step s-R-t matrix obtained in last step is modified and new s-R-t matrix is reconstructed.  

The new s-R-t transform matrix can be represented as: 

                      01 ∗ �31(�45) 1 ∗ −164(�45) 01 ∗ 164(�45) 1 ∗ �31(�45) 0�_�� �_�� 19                                                      ---(3.16)                    

Thus s-R-t matrix obtained in last step is modified and new s-R-t matrix is reconstructed. 

By applying reconstructed s-R-t transform, i.e.by reprojecting feature points of frame B on to frame A  

the output video frame is shown in Fig.3.7. As the image appears black and white, obviously the 

pixel-wise difference between the different reprojections is negligible. 
 

 
Figure.3.7 output video frame obtained by s-R-t Transform 
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3.3.6 Running full video through MATLAB video player 
     The last step of video stabilization algorithm is to run full video through Matlab Video player. The 

process of estimating the transform between two images has been performed in the MATLAB® 

function cvexEstStabilizationTform [5]. 

This function also converts an affine transform into a scale-rotation-translation transform(s-R-t 

Transform). Fig.3.8 shows last two frames of the smoothed video is shown in Matlab Video Player as 

a red-cyan composite. 

 
Figure3 .8 Last two frames of the smoothed video 

 

4. RESULTS & CONCLUSION 

         In this experimentation numbers of jittery videos are considered. Out of these, two sample shaky 

videos are:  Video-1(shaky_car)  which has specifications: width x height of 320x240 pixels, frame 

rate of 30 frames/second,  size  1.2 MB and video clip duration 4 seconds.   

Video- 2(shaky_fly) has specifications: width x height of 480x288 pixels, frame rate of 30 

frames/second and size 2.07 MB and video clip duration of 6 seconds.  

All the three algorithms are simulated using Matlab R2014 software and the results obtained are 

presented below. 

4.1 Optimization of camera path 
Camera path with L1 optimization algorithm is shown below in fig. 4.1for above two video 

sequences. The Original path of camera is shown with blue colur and optimized path is shown with 

red colour.    

 

International Journal of Scientific Research and Review

Volume 7, Issue 4, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/33



 
Figure 4.1 Camera paths with L1 optimization 

Optimized path consist of three types of segments. Fig.4.2 (a) shows   constant path, representing a 

static camera. (b)shows path of constant velocity, representing a panning camera or a dolly shot.(c) 

shows path of constant acceleration, representing the ease in and out transition between static and 

panning cameras. 
 

 
 

    

Figure 4.2 path of constant acceleration 

Optimal camera path using L1-L2 algorithm is shown below in fig.4.3.  
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Figure 4.3 optimal camera path using L1-L2 algorithm 

It is found that optimal camera path is more close to original camera path than L1 optimization 

algorithm.  

4.2 Stabilized video frames 
Stabilized video frames obtained after simulations are compared for above three algorithms.  Fig. 

4.4(a) shows the results obtained for sample video-1 _shaky car .(b) shows the results obtained for 

sample video-2 _shaky _fly . 
 

 

  
 

   (a) Stabilized video frames for video-1 _Shaky car  (b) stabilized video frames for sample video-2 

_shaky_fly. 

 

Figure4.4 Stabilized video frames for video-1 _Shaky car 
 

By observing stabilized video frames following comments can be made. 

 i)stabilized video frame obtained by L1-L2 optimization algorithm is having superior quality. The 

update transform makes cropping of window from all sides, hence cores of image are well aligned. 

Inlier correspondences get exactly coincident which provides more favourable result. As the wrapping 

of window is done from all sides hence most of video content is preserved. Based on λ value 

(smoothness constraint) the path of camera is matched to original path hence video content at 

boundary will not be lost.  

ii)  Algorithm based on s-R-t transform is having comparative lower performance than that of 

algorithm based on L1-L2 optimization.  
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iii) The algorithm based on L1 optimization is having lowest performance in all three proposed 

algorithms. As, this algorithm optimizes three segment of camera paths without smoothness 

constraint. The empirical constants ω1, ω2, ω 3 in optimization function are to be set up on trial &error 

basis. 

4.3 performance parameters 
  The improvement in the quality of the stabilized videos is evaluated on the basis of following 

parameters. 

i) NSAD (Normalized sum of absolute difference between consecutive frames) ii) PSNR (Peak signal 

to noise ratio) iii) Jitter in x direction. iv) Jitter in y direction. 

Table-I provides measurement of performance parameters.  

 
Table-I Measurement of performance parameters 

 

Sr. 

No  

Parameters  Original  

Video  

 Proposed  

Algorithm based 

on L1 norm    

Proposed  

Algorithm based on 

L1&L2  norm    

Proposed  

Algorithm 

based on  

s-R-t  transform   

1  NSAD for stabilized 

video (mean value)  

0.0359  0.0288 

 

0.0213   

 

0.0262 

2  PSNR of stabilized video 

(mean value)  

23.77  34.197  55.51 35.365  

3   Jitter  in X direction  270  67  40.12       49 

4  Jitter  in Y direction  130  37  25.28    

 

Our proposed algorithms are also compared with results obtained   in standard research papers of 

Labeeb[1],  Hua-wen chang[18], Jinhai Cai[20]. Table-II shows this comparison. 
 

Table-II comparison of proposed algorithms 

 

Sr. 

No 
 

 

Parameters Original  

Video 

Ref[1] 

Labeeb 

Ref[18] 

Hua-

wen 

chang 

Ref[20] 

Jinhai 

Cai 
 

Proposed 

Algorithm 

based on L1 

norm 
 

Propose

d 

Algorith

m based 

on 

L1&L2  

norm 

Proposed 

Algorithm 

based on 

s-R-t  

transform 

1 
NSAD for 

stabilized video 

 

0.0359 

 

0.0298 0.0315 0.0306 

 

0.0288 

 

 

0.0213 

 

 

 

0.0262 

 

2 
PSNR of 

stabilized video 

23.77 

 

36.56 

 

34.34 

 

35.45 

 

34.197 

 

55.51 

 

35.365 

 

3 
Translation in X 

direction 

270 

 

73.27 

 

69.23 

 

68.46 

 

67.34 

 

40.12 

 

49.27 

 

4 
Translation in Y 

direction 

 

130 

 

 

51.23 

 

 

47.39 

 

 

45.38 

 

 

37.49 

 

 

25.28 

 

32.16 

 

International Journal of Scientific Research and Review

Volume 7, Issue 4, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/36



It is found Mean value of Normalised sum of difference is 0.0359 for original unstabilized video, 

which is reduced to 0.0213   for proposed algorithm-2(based on L1-L2 optimization) . 

 It means that video frames in stabilized video are smoothened and there is no vast difference between 

frames to frame. 

 PSNR value is increased from 23.77 to 55.51 which mean that proposed algorithm-2 based onL1-L2 

optimization has highest efficiency.  

Jitter in X- direction is reduced from 270 to 40.12 and Jitter in Y- direction is reduced from 130 to 

25.28.  It means that proposed algorithm-3 based on L1-L2 optimization has highest efficiency.  

Thus, NSAD value decreases by 59.33% which means that in the stabilized video, absolute difference 

between the frames decreases. 

The PSNR is improved on average by 7.35 dB .The average value of translations in x and y directions 

are reduced by 85.14 % and 80.55% respectively.  

 

5. Conclusion 

      In this work three algorithms are proposed for stabilization of jittery videos. The first algorithm is 

based on L-1 norm. L1 norm is also known as least absolute deviation which minimizes sum of 

absolute difference between consecutive video frames. The optimal camera path is composed of three 

types of segments. 

The objective function of L1 optimization minimizes derivative of constant path, constant velocity 

path, and constant acceleration path. L-1 optimization discards information due to cropping hence not 

suitable for video with important information near boundary. 

The second algorithm is based on L1-L2 optimization which achieves best estimation in least square 

sense. In order to keep boundary information of original video as much as possible, it is required that 

optimal smooth camera path should be close to original camera path. This can be realized by 

introduction of a L2 term in the objective function. λ is a weight to adjust the smoothness of path. The 

users can set the value of : according to their needs to obtain stabilized videos.  

Third algorithm is hybrid technique which is combination of RANSAC ands-R-t transform. RANSAC 

algorithm works to find effective inlier correspondences and afterward it derives the affine 

transformation to map the inliers in consecutive frames . This transformation is capable to improve 

the image plane.  Affine Transformation gives details about a) Rotations b) Translations c) Scale 

operations of camera which contain total six parameters. 

All the six parameters of the affine transform can be used for approximation of transform but for 

numerical simplicity and stability, s-R-t transform (scale-rotation-translation) matrix is formed. This 

transform has only four free parameters which are one scale factor, one rotational angle, and two 

translations. The s-R-t matrix is then modified and new s-R-t matrix is reconstructed. By applying 

reconstructed s-R-t transform, i.e.by reprojecting feature points of frame B on to frame A stabilized 

video frame is obtained. 

     By comparing the stabilized and shaky video it is confirmed that Stabilized video frame obtained 

by L1-L2 optimization algorithm is having superior quality.  Algorithm based on s-R-t transform is 

having comparative lower performance than that of algorithm based on L1-L2 optimization. The 

algorithm based on L1 optimization is having lowest performance in all three proposed algorithms. 

As, this algorithm optimizes three segment of camera paths without smoothness constraint. The 

empirical constants ω1, ω2, ω 3 in optimization function are to be set up on trial &error basis. 

 By evaluating performance parameters, it is found Mean value of Normalised sum of difference 

(NSAD) is 0.0359 for original unstabilized video, which is reduced to 0.0213   for proposed  

algorithm-2(based on L1-L2 optimization) It means that video frames in stabilized video are 

smoothened and there is no vast difference between frames to frame. 

 PSNR value is increased from 23.77 to 55.51 which mean that proposed algorithm-2 based onL1-L2 

optimization has highest efficiency.  

Jitter in X- direction is reduced from 270 to 40.12 and Jitter in Y- direction is reduced from 130 to 

25.28.  It means that proposed algorithm-2 based on L1-L2 optimization makes remarkable 

elimination of jitter.  
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Thus, NSAD value decreases by 59.33% which means that in the stabilized video, absolute difference 

between the frames decreases. The PSNR is improved on average by 7.35 dB .The average value of 

translations in x and y directions are reduced by 85.14 % and 80.55% respectively.  

Results indicate a remarkable elimination of high jitter from shaky videos. It has been shown that 

video stabilization algorithm-2(based on L1-L2 optimization) can significantly improve the visual 

quality of an amateur video, making it close to the level of a professional one. 
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