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Abstract— we present an approach for synchronization of 

videos with varying frame rates which is based on 

improvement of videos in terms of light balance, colour 

intensity by using the concept of histogram profiling and 

also implementing the concept of antisymmetric cross-

correlation without many restrictions on camera properties, 

viewing angles. We have also enhanced the normalized 

cross correlation of base method to judge the 

synchronization quality. This approach lessens the 

fluctuations and provides reliable synchronization.                  
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I. INTRODUCTION 

Video synchronization nowadays has become important in 

cases where we have multiple videos of same scene. In any 

film or TV industry, hardware based synchronization helps 

in achieving the accurate temporal alignment. The chances 

that one event is recorded by many people become much 

with availability of camera phones. This multi-recording of 

an event not only allows the view of scenes  from different 

angles but also creates 3D scene for reality applications, 

generating a high resolution video.[1] 

Video synchronization should be accurate enough 

to ensure consistency in structures we recover from the 

video sequences. Synchronization is basically to find 

temporal relationship between two or more video sequences. 

Most of literature focuses on linear model, which is 

mathematically expressed as:     

                          j = αi + ∆                               (1.1)                                                            

In this there is temporal offset (∆)  between the  

sequences , and ratio of frame rates is denoted as (α), i and j 

are frame from each sequences recorded at same instant of 

time. 

To make video data collected from multiple 

independent sources to be integrated into a single model 

accurately video synchronization is to be achieved. We can 

think of a human visual system, where the world viewed 

through each of our eyes is the snapshot of world at that 

particular instant. But if visual information from one eye 

gets delayed then each eye would view different models of 

world, rather than different view of same model. It would be 

difficult to understand 3D world from unsynchronized 

views. So, in cases where different camera models are 

involved video synchronization becomes essential to have 

consistency in recovered data.[2] 

Many application fields of multimedia involve the 

requirement for temporal synchronization of multiple videos 

particularly of same scene, so that a useful information can 

be extracted from given data .The particular information in 

depth from multiple videos can only be got if the 

corresponding frames are acquired at same instant of time. 

Application fields are quite vast and include various 

domains where multi-cameras are present. It could be any 

network as in surveillance applications, in TV production or 

in case where video sharing often takes place. Availability 

of more than two videos of same scene leads to an interest in 

alignment of their image sequences in time and accurateness 

of this alignment may vary depending on kind of 

application. 

Mainly a synchronization with integer frame 

accuracy or less than that is desirable, also it desired to have 

an automatic process of synchronization without any 

intervention of user, however all these requirements are 

satisfied with hardware based approaches which aren’t much 

applicable in many scenarios. In many high applications like 

broadcast of some sports event or any professional 

automotive tests cameras are mainly clock synchronized but  

these approaches are only feasible when camera are setup in 

advance. In cases of production which are not so costly or 

scenarios where cameras network is placed in ad-hoc 

manner, software based approaches is best solution like in 

case of an event being recorded by many strangers and then 

it is united together by some video sharing service[3]. A 

video synchronization process has to be more robust so that 

the acquisition process influence is less, ideally 

synchronization is able to deal with not known input 

sequences and can find out temporal alignment till they are 

showing same event.  

The remainder of this paper is organized as follows 

in section II overview of previous work is given, then  

problem in previous work is laid down followed by our 

approach presented for synchronization , then experimental 

results are shown in graphical forms ended with conclusion 

giving an outlook for some future work. 

II. RELATED WORK 

In the earlier times when many applications   having 

multiple videos of a single scene start emerging , then the 

first video synchronization algorithm which was software-

based was proposed. Reid and Zisserman[4] and Stein[5] 

were the first to consider on this subject. They both provided 

an feature-based approaches with an assumption of having 

an object motion being coplanar. Homography was 

estimated inbetween views to align two sequences and 

asynchrony was measured in terms of error estimation. 

Many feature based methods have basic fundamental 

principle to establish an geometric matching between 

dynamic features. Other methods were also presented to deal 

with more object motion like epipolar geometry, 

fundamental matrices estimation and also trifocal tensors. 

Pooley et al.[6] used an Hough Transform for establishment 

of affine relationship between timelines and also applied 

voting schemes for determining the consistent temporal 
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alignment. A feature based algorithm by Caspi and Irani [7] 

estimated homography and fundamental matrix by relating 

two views and also determine the fundamental offset of the 

two sequences. Wedge et al[8] presented an algorithm for 

synchronizing the videos of objects in free fall and Brito et 

al.[9] provided a method of synchronization for mobile 

sensors which are tracking their own position actively. 

Padua and Carceroni et al[10] made use of RANSAC based 

approach. Whitehead et al [11] presented an alternative 

approach of synchronizing three or more calibrated 

stationery cameras. It made use of both trifocal tensor and 

fundamental matrix estimation for synchronization. Lei and 

Yang [12] presented a method which used concept of 

trifocal tensor for synchronizing sequences obtained from 

moving cameras.  Rao et al [13] and Tresadern and Reid 

[14] presented an approach of rank constraint evaluation 

instead of computation of epipolar geometry. Tuytelaars and 

Van Gool [15] presented an different approach by 

calculating the distance between back-projected rays of sight 

in an affine space instead of epipolar limits. On similar 

basis, Wolf et al.[16] attempted to solve the problem of 

synchronization tracking features and making use of rank 

constraints on them, this principle was earlier presented by  

Irani[17]. Yan and Pollefeys[18] provided a different 

method of extracting spatio-temporal interest points from 

videos and then cross-correlating their occurrences over a 

period of time. Raguse and Heipke[19] laid down an 

approach for alignment of video captured by high-speed 

cameras accurately. In this, the temporal deviation of 

cameras is taken as intrinsic parameters. 

Another software-based approach for 

synchronization is intensity based methods in which rather 

than matching trajectories and image features, alignment is 

done on basis of pixels in frames of videos. Caspi and 

Irani[20] laid a method   for sequence-to-sequence 

alignment where temporal alignment between frames and 

also spatial transformation is found simultaneously. They 

also in [21] worked with moving cameras which were rigid 

and considered changes which were similar in both views. 

Ukrainitz and Irani [22] presented a similarity measure 

method by overcoming mean square error method. It tried to 

synchronize sequences by a correlation based approach. Dai 

et al[23] made use of 3D phase correlation method for 

solving the problem of spatio-temporal alignment. Ushizaki  

et al[24] also used cross-correlation method for matching of 

changes in appearances. It used to derive appearance change 

frame wise. Barbieri and Shretha [25] presented an   audio –

based approach for synchronization, for special cases of 

videos which capture a scene with active sound sources in 

sufficient quality. These methods have some particular 

advantages and also limits in terms of camera setup, scenes 

or camera requirements. There are many differences in 

particular, number of many cameras used, type of motion, 

resolutions frame rates etc. Mainly , the feature based 

approaches  had a problem of restriction on viewing angle of 

cameras because of constrained matchability and intensity 

based approaches were not compatible with independent 

moving cameras.  

A. Bit Rate Profiles Based Video Synchronization: 

Unlike previous approaches which mostly tried to follow 

human eye perception in determination of synchronous 

events, in [26] an approach is presented for synchronization 

of multi videos by cross-correlating bit rate profiles. It 

mainly find the temporal offset between the videos. This 

approach makes use of information present in individual 

video frames, and measures the motion throughout a video. 

It is obvious that the  information content of a frame is zero 

if it  does not differ from its neighbouring frames, it has 

vanishing conditional entropy  but when there is certain 

deviations from previous ones a frame  brings much 

information, this happens in cases where objects are in 

motion in scenes. The temporal offset is found by applying 

normalized cross-correlation (NCC) on entropy sequences 

of videos as in equation below. 

 (  )   ∑
[  (    )    ̅̅ ̅̅   ][  ( )   ̅̅ ̅̅   ]

      
             (1.2) 

In this, the Xi(t) represent entropy sequences.  ̅ and 

σXi represent the mean and standard deviation in the 

overlapped region over which the  sum is found The 

normalization makes the correlation invariant to camera 

properties e.g., their resolution.  Here , bitrate is basic 

parameter , videos are synchronized by cross-correlating bit 

rate curves over time and finding maximum correlation 

value. 

III. PROBLEM FORMULATION 

The study of the literature gives us information about 

various methods of video data synchronization and about 

various factors which can be important and determinant 

about the changing data in the video sequence, the various 

information are bit error rate, colour consistency, change in 

camera direction, double edge due to motion or low frame 

rate and due to processing based changes. There are errors 

due to compression in video coding as encoding used for 

compression is random and changes from video to video 

format. Also changes in scene content in terms of light or 

movement can lead to change in rate of video data. 

IV. PROPOSED WORK 

Our main approach is to show synchronization against 

various false scene changes in video data which are due to 

double data processing. Secondly, to work with different 

frame rates as change rate can cause de-synchronization in 

video. Thirdly, stabilizing the data content by using 

probability of Gaussian error estimation which helps in 

deducing error of false occurrences which are due to uneven 

rate of data encoding in video. 

In our work we have made an effort to synchronize 

the video on histogram basis instead of bit rate basis. Firstly, 

the quality of synchronization of base video is judged on 

basis of enhanced normalized cross-correlation (NCC) and 

then synchronization is improved in terms of colour density, 

light balance, brightness by histogram equalization and 

sparse estimation and again the quality of improved video is 

judged. Then a method is proposed based on asymmetric 

cross-correlation and is compared with base method based 

on bit rate profiles and synchronization in terms of quality is 

judged. We have found that our method has better stabilized 

video and also synchronization quality is better even when 

working with various frame rates. We will show this 

through various graphs.   
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V. METHODOLOGY 

1) To collect video database and apply scaling to 

standardize the results. 

2) Design distortion scenarios and simulate the distortion 

effects in video for quality and data manipulation. 

3) Apply pattern recognition using vector feature 

calculation based on the dynamic colour density and 

edge profiling with histogram. 

4) Track the changes in profiling for content 

synchronization and resubstitute the valid data for error 

correction using sparse estimation. 

5) Forming the final video and analyzing the performance 

with error linearity correction, removal of 

unsynchronized data and processing efficiency. 

6) Synchronization performance and comparison with 

previous method. 

VI. EXPERIMENTAL RESULTS 

Throughout this paper we have used the videos captured by 

different mobile phones having different frame rates. The 

videos used have RGB24 format. We are showing results for 

video with frame rate 10f/s. 

A.   The change of light in video content accounts 

for rate change of video data due to constantly changing 

sequences of motion and also as videos are captured in day 

time and some in dim light ,so light changes need to be 

stabilized. we have enhanced normalized cross-correlation 

on basis of motion vectors, firstly judged the quality of 

synchronization in Fig1(a) base video  and then improved 

the synchronization in terms of colour contrast , light 

balance by histogram  equalization and then again judged 

the quality of improved video in Fig1(b). Then we found the 

Bit rate Profiles of synchronization and judged its quality as 

in Fig1(c). 

 
Fig. 1(a): shows the synchronization quality values for three 

basic (red, green, blue) layers of base video 

Frame numbers 1 2 3 4 5 

quality values for red layer 30.87706 31.65569 31.70001 31.7616 31.46283 

Frame numbers 1 2 3 4 5 

quality values for green layer 24.09182 23.40942 23.50946 24.46954 24.389 

Frame numbers 1 2 3 4 5 

quality values for blue layer 24.38919 24.10844 24.28828 24.99964 24.833 

Table 1: Shows the judged quality value for three layers in base video 

 
Fig. 1(b): shows the synchronization quality values for three 

basic (red, green, blue) layers of improved video. As seen 

from two graphs it shows that the quality values have 

increased 

frame 

numbers 
1 2 3 4 5 

quality 

values 

37.554

73 

36.639

48 

36.255

29 

37.178

56 

36.951

37 

frame 

numbers 
1 2 3 4 5 

quality 

values 

38.697

84 

40.276

81 

39.948

19 

41.277

39 

39.301

62 

frame 

numbers 
1 2 3 4 5 

quality 

values 

40.738

8 

40.394

27 

40.643

77 

40.488

48 

40.973

84 

Table 2: Shows the judged quality value for three layers in 

improved video 

 
Fig. 1(c): shows the synchronization quality  values for three 

basic (red, green, blue) layers by bit rate profile method. By 

comparing this graphs with Fig1(a)  shows that the quality 

values have decreased. Our method has increased the 

synchronization quality. 
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Frame number 1 2 3 4 5 

quality values for 

res layer 

8.900

345 

9.748

128 

9.463

867 

8.503

886 

8.518

667 

Frame number 1 2 3 4 5 

quality value for 

green layer 

5.411

041 

4.749

552 

4.712

28 

5.035

578 

4.924

591 

frame number 1 2 3 4 5 

quality value for 

blue layer 

5.653

971 

4.983

994 
4.987 

5.294

067 

5.116

369 

Table 3: Shows the judged quality value for three layers by 

bit rate profile basis 

 
Fig. 1(d): shows one of the frame from base video 

 
Fig. 1(e): shows the same frame from synchronized video 

done by histogram basis and balancing light, colour intensity 

 
Fig. 1(f): shows frame of video whose synchronization 

quality is judged on bit rate profile basis 

B. In this we have implemented our method of anti-

symmetric cross-correlation. In base the single dimension of 

a frame was taken but in our we have judged the quality 

from all dimensions and took a cumulative score and 

improved video synchronization and judged the quality 

 
Fig. 2(a): shows the synchronization quality values for three 

basic (red, green, blue) layers by cross correlation method. 

As seen in the graph all layers show stability value equal to 

1 with very less deflections 

Frame number 1 2 3 4 5 

quality values for red 

layer 

1.00

28 
1 

0.99

87 
1 1 

frame number 1 2 3 4 5 

quality values for green 

layer 

0.99

03 

0.99

24 

0.99

61 

1.00

01 
1 

frame number 1 2 3 4 5 

quality value for blue 

layer 

1.00

24 

1.00

26 

0.99

68 
1 1 

Table 4: Shows the judged quality values for three layers 

based on antisymmetric cross-correlation method 

 
Fig. 2(b): shows the difference in quality score 

synchronization of antisymmetric correlation method and bit 

rate method 

C. In this experiment, we used the probability of 

Gaussian error estimation after synchronization to determine 

error estimation. In videos, due to uneven rates of data 

encoding or compression are random many false 

occurrences appear. Here, one frame may occur twice in 

video, so we detect these frames by finding edge-correlation 

values of frames. The frame with higher value depicts where 

false detection is occurred and is maximum. Here we have 
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applied three effects ,one is normal without any effect in 

which highest correlation value is 1, second case is of 

motion effect and third is Gaussian noise as shown in 

figure3(c) 

 
Fig. 3(a): shows two images of a frame one the original 

being constant and another with Gaussian noise effect. 

 
Fig. 3(b): shows graph for duplication values where 

maximum correlation value=0.556 occurs at frame 3 and 

this is not exact 1 as there is drop due to noise effect 

 
Fig. 3(c): shows the difference between the edge correlation 

values and our cross-correlation values .Negative values 

depict that our cross correlation method better predicts the 

exactness of content rate occurrences 

Frame 

number 
1 2 3 4 5 

edge 

correlation 

values 

0.233

061 

0.297

838 

0.558

316 

0.303

087 

0.255

115 

Frame number 1 2 3 4 5 

score 

difference 

-

1.581

79 

-

1.772

35 

-

2.551

55 

-

1.809

17 

-

1.695

73 

Table 5: Shows the error estimation rate in terms of 

correlation values 

VII. CONCLUSION 

In this paper we have presented a new approach to video 

synchronization by stabilizing the video data and judging 

the synchronization quality and forming a new improved 

video. We have used the videos captured by mobile cameras 

and our method reliably improves the synchronization and 

also its quality even at different frame rates. The  upcoming  

work can implement for judging non-linearity in videos , in 

correcting distortion in video scenarios and also for various 

compression formats.   
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