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Abstract 
 
Forgery is a stunt of tampering various types of accessible media such as 
audio, video, image, document etc.  Videos were believed to be strong 

evidence in the court of law rather than images. But the advent of multimedia 

editing software, have made very easy and handy to edit the video anytime 
by adding, deleting frames or duplicating some frames in the videos. These 

videos modify the actual interpretation of the video. So now “seeing is no 

longer believed”. This paper highlights the need of video forgery detection. 

This paper has also covered the overview of frame duplication forgery 
methods in videos and comparative study of various frame duplication 

detection methods. 

 
Keywords: Forgery, Video forgery, Frame duplication, Forgery detection, 

Localization. 

 
1 Introduction 
 

The latest developments in the easy accessibility of inexpensive 
multimedia tools and digital devices, have led to record, store and transmit 

enormous amount of data via the internet. Various multimedia devices such a 

surveillance camera, camcorders, web cam, mobile phones, digital camera 

etc. have become the need for every person to survive in digital world. The 
presence of such devices in society have led to the advancement of video 

editing tools (such as Adobe premiere pro, Adobe photoshop, Mokey,  
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Audacity etc) that makes editing in videos an easy task.Video forgery may 

also have increased either due to advancement in deep learning techniques or 

due to the large availability of video data in public domains [1]. Also, social 
networking sites consisting of facebook, Youtube, twitter are being used by 

mass people. There is a wide range of 65,000 videos being uploaded as well 

as download from the Youtube [2]. 
 

1.1 Need of Video Forgery Detection 
 

It has become very normal to run into forged images, videos, audios etc, 
when browsing the multimedia data on the web. Sometimes the forgery is so 

practical that the newspapers, news channels use the fake/forged images or 

videos as if they are real [3]. Suppose if a camcorder records a car accident 
but a forger hides the car accident by copying and pasting some additional 

subsequences over the accident portion[4]. In addition, it is possible to 

exploit a single video (primary source) or multiple videos (captured using 
various sources). Media, political, medical, movie business is deeply affected 

with video forgery business[5][6]. Such forged videos hide the actual truth 

and deceive the people. Therefore, it has become the need of the hour to 

authenticate the truthfulness and credibility of videos. 
 

2 Types of Video Forgery Detection 
 

Forgery detection is categorized into active approach and passive 

approach. Forgery detection is clearly given in Figure 1.  

In active approach, digital watermark and digital signature are inserted 
into the video during its creation. Suppose if the video is forged, then 

retrieval of watermark and signature is not possible. So this process helps in 

the detection of video forgery [6]. 
In passive approach it is assumed that there are some natural features in 

the video which vary from one video device to another. Authentic videos will 

have same correlation features, if the video is forged then the features are 
disturbed and various passive detection methods can be used to detect video 

forgery. Passive Approach is categorized into inter frame forgery detection, 

intra frame forgery detection, double or multiple compression. Frame 

duplication in video is done by copying some frames from host video and 
pasting over some other frames[5]. The forgery performed in a famous movie 

SPEED is created by the process of frame duplication to cover the actual 

scene[7]. The copy-move forgery is easy to perform in videos but it is 
difficult to detect if it performed accurately[8]. 
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Figure 1: Types of Video forgery detection 

 

3 Framework of Video Forgery Detection 
 

The general Structure of video forgery is given in figure 2, it starts with 
the following steps:  

1) Input Video: The video taken in consideration to identify whether it is 

a forged video and if yes, then in which frames the forgery lies. 
2) Frame extraction: Here, the frames are extracted from the input video 

for further operations. 

3) Features Extraction: Multiple features are extracted from the frames of 

input video, to distinguish from other set of features. Some of the ways to 
extract features are DCT (Discrete Cosine Transform), DWT (Discrete 

Wavelet Transform), PCA (Principle Component Analysis). Feature selection 

must be based on the fact that informative features must be selected that can 
give an idea of the suspected or forged frames. 

4) Block Matching: In this step, overlapping blocks are matched to 

identify the forged frames in video sequences. 

5) Post Processing: Mostly post processing is performed to localize the 
forged frames in the video sequence. 

6) Detection and localization: Eventually following all the above steps 

the forgery in video is detected and localized. 
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Figure 2: Structure of Video Forgery Detection 

 

4 Literature Survey 
 

In [7] the author proposed a method to detect frame duplication in both 

stationary camera video and moving camera video. It was based on the 
similarity in spatial and temporal correlation. The method was evaluated on 

uncompressed video taken by stationary camera with detection results to be 

84.2% whereas uncompressed video taken by moving camera produce 100% 

detection results. The proposed method was robust to detect frame 
duplication in highly compressed as well as low quality compressed videos.  

In [9] the author had used enhanced TIRI-DCT (Temporally informative 

representative images- Discrete Cosine Transform) features as a fingerprint 
to detect frame duplication. In this method initially a video clip is divided 

into sub-sequences. After down sampling, TIRI is calculated and segmented 

into overlapping blocks of window size 2*2. On every overlapping block the 
author had applied DCT to extract AC coefficient nearest to DC coefficients, 

which was used as a feature. For an overlapping with, the two obtained AC 

coefficients were used as horizontal and vertical texture features. Then, the 

obtained horizontal and vertical coefficients were binarized to obtain digital 
fingerprint format. Eventually, the threshold was set, by finding medians of 

AC coefficients. If the hamming distance of coefficients was less than the set 

threshold, then the frame duplication was found and vice versa. The results 
produced by this method on three videos without operation was TPR: 100%, 

FPR: 0%, Precision: 100%, average execution time: 16.289 seconds, on five 

videos with brightness change precision was 100%, average execution time 
was 19.66 seconds whereas on 6 different videos that was compressed, 

precision was 96.10% and average execution time: 17.34 seconds. This 

method was robust in MPEG (Moving Picture Experts Group) and brightness 

change operations. It required low computation time, better frame duplication 
detection, but its limitation lies in selection of threshold. 
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In [4] proposed a technique for identification of frame duplication in 

videos using various steps such as, candidate segment selection, spatial 

similarity measurement, frame duplication classification, and post 
processing. In the temporal domain, histogram difference was computed 

between two corresponding frames In order to measure the resemblance of 

every frame in spatial domain from its correlated frame in the query 

template, a block-based method was taken up. 
A classifier was used dependingupon the spatial and temporal analysis to

 identify duplicated framesin videos. Post processing scheme was carried out 

to determine two corresponding identified frames to obtain all duplicated 
video frames together. The performance of the proposed method was 

evaluated on the bases of 15 fake video clips obtained from various types of 

videos. The proposed technique was evaluated using various parameters such 
as precision, recall, accuracy producing results as 0.849, 1, and 1 

respectively. The computation time required by the proposed technique was 

109.6 seconds per frame. Hence this technique performed well in detection 

and localization of video frame duplication, but it same time it consumes 
more CPU time.  

In [10] the author developed an approach that worked in two stages. In 

first stage similarity analysis was used for acquiring features of each frame 
with the help of SVD (Singular Value Decomposition). Further the Euclidean 

distance is computed among frames that is every frame and the reference 

frame. There was similarity in features, then it was found to be a candidate 

frame otherwise an original video. In second stage, double check was 
performed in which sub-sequences were merged and candidate duplications 

were confirmed to localize the forged video sequence. The developed method 

performed well with precision rate of 98.20%, recall rate of 100%, accuracy 
of 99.10% and execution time 0.127 seconds per frame. Detection of frame 

duplication was effective by the developed method whereas the limitation of 

this method lye in the use of reference frame. 
In [11] the proposed method nine features were generated for each frame, 

after lexicographical sorting, RMSE (root mean square error) was calculated. 

If the value of RMSE was higher than the threshold, then the frame was 

rejected, otherwise it was considered as the suspected frame. In order to 
detect the frame duplication, correlation was recorded among the two frames. 

If the correlation was found higher, then the frames were considered as 

duplicated frames. This method was evaluated on stationary cameras and 
produced accuracy of 98.1% and detection time was 7.96 seconds whereas 

accuracy in case of moving camera was 99.5% and detection time was 20 

seconds. The proposed method was fast, accurate and robust to compression 
videos as well.  
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In [12] residual frames were selected over the original frames to compute 

the standard deviation and further and calculate the entropy of DCT (Discrete 

Cosine Transform) coefficients. The produced differentiating features would 
help identify the duplicated frames, locate those frames in videos. SULFA 

(Surrey University Library for Forensic Analysis) and VIRAT (The Video 

and Image Retrieval and Analysis Tool) dataset were used by the author to 
test the performance of the proposed method, based on various parameters 

such as TPR (True Positive Rate), PPV (Positive Predictive Value) and F1 

score. In case of SULFA dataset, the results produced by the proposed 
method for TPR, PPV, F1 score were 0.990, 0.983, 0.986 respectively and in 

case of VIRAT dataset the result for TPR= 0.982, PPV = 0.971 and 

F1=0.976. Calculation time was low in case of CSD (Clip Sequence 

Duplication) as well as SFD (Single Frame Duplication), which is 0.02 
seconds/frame and 0.01 seconds/frame respectively. The method could be 

extended to identify all kinds of inter-frame forgery. 

In [13] developed a technique for detecting inter-frame forgery in shots 
depending on the similarity analysis. Within the HSV (Hue-Saturation-

Value) color space we primarily computed the histogram difference between 

two adjacent frames. H-S and S-V color histograms were used to identify 

same level of adjacent frames in a shot decline in inter-frame forgery. The 
detection results showed that there was a largest similarity between the usual 

consecutive frames whereas the lowest similarity index was identified in the 

forged frames. SURF (Speeded Up Robust Features) feature extraction and 
FLANN (Fast Library for Approximate Nearest Neighbors) matching was 

used to identify frames with same level of frames in forged areas as well as 

to determine the kind of inter-frame forgery carried out. The accuracy, recall 
and precision rates produced by this technique were 99.01%, 100% and 

98.07% respectively. The computation time required by the developed 

technique was 0.44 seconds per frame. This technique required a correct shot 

detection system. The proposed technique failed in case of inaccurately 
captured shots as well as changes to scenes. 

Potential research should focus on detecting complex inter-

frame forgeries in video comprising of several frames. 
In [14] BoW (Bag-of-Words) algorithm was used for visual words to 

develop a dictionary from Scale Independent Feature Transform (SIFT) in 

various video frames. These visual word depiction keypoints were used to 
identify frame duplication in videos. The SULFA dataset results for 

stationary camera in case of precision, recall, accuracy are 97.94%, 97.65%, 

96.73% whereas in case of moving camera precision was 98.57%, recall was 

99.13% and 98.17%. The average execution time recorded for the algorithm 
was 0.2 seconds per frame.  
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In[15] the author developed a technique to detect frame duplication by 

computing similarity between sequences of videos, at various locations in a 

video. Also correlation coefficients and coefficients of relation were used to 
detect frame duplication in other videos with same or different dimensions. 

The developed technique was test over SULFA dataset and produced 

precision rate 100, recall rate 0.99, accuracy was 0.995, F-score was 0.994 

and average runtime was recorded as 0.05 seconds per frame. The developed 
technique produced better frame duplication detection results and the 

limitation of this technique was that it failed to detect small number of 

frames than the number of frames considered in sequence video.   
In [16] proposed a method by computing temporal mean of every shot 

and statistical textual features. The proposed method was test using various 

datasets such as SULFA, LASIESTA, IVY lab. Without performing any post 
processing operations, the precision rate for FDS (frame duplication with 

shuffling) was 0.94 and for FD (Frame duplication) was 0.99. On contrast 

with post processing operations, the precision rate for FDS and FD was 0.95, 

0.99 respectively. The detection time of the proposed method was 0.011 
seconds per frame. This method had smallest detection time but it could 

increase the false positive rate if the shots were captured incorrectly. 

 

4.1 Comparison of Frame Forgery Detection Techniques in 
Videos 

 
Table1: Comparison of various frame forgery detection methods in videos 

 

 

Sr. 

No

. 

 

Title/Publishing Year Method Used Results Comput-ation 

/detecti-on 

time 

Merits/Demerits 

 

1 

 

Exposing digital 

forgeries in video by 

detecting duplication 

(2007) 

Temporal and 

spatial correlation 

similarity 

Uncompressed 

video: Stationary 

camera- detection: 

84.2% 

Moving camera-

detection:100% 

- -Robust to 

compression 

-Detect in high and 

low quality 

compressed video. 

 

2 

 

An improved 

fingerprinting 

algorithm for detection 

of video Frame 

Duplication forgery 
(2012) 

Video sub-

sequence 

fingerprints, TIRI-

DCT 

Without operation: 

TPR: 100% 

Precision:100% 

Brightness change: 

Precision: 100% 
MPEG compression: 

Precision: 96.10% 

Without 

operation: 

16.289 s 

With Brightness 

change: 19.66 s 
On MPEG 

compress-ion 

videos: 17.34 

-Robust upon 

compression and 

brightness change 

-Low calculation 

time 
-Better detection 

-Demerits lies in 

selecting threshold, 

video matching 

metric used 
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3 

 

Detection of frame 

duplication forgery in 

videos based on 

Spatial and Temporal 

Analysis (2012) 

Passive blind 

Scheme 

Precision: 0.849 

Recall: 1 

Accuracy: 1 

109.6 s/frame -Duplicated clips 

are detected and 

localized 

-Longer CPU time 

4 

 

 

Using similarity 

analysis to detect 

frame duplication 

forgery in videos 

(2014) 

Similarity analysis 

based 

Precision: 98.20% 

Recall: 100% 

Accuracy: 99.10% 

0.123s -Good accuracy 

-Reference frame is 

required 

 

5 

 

 

Detection of frame 

duplication type of 

forgery in digital video 
using sub- block based 

features (2015) 

Sub-block based 

features 

Stationary camera: 

Accuracy: 98.1% 

Moving camera: 
99.5% 

Stationary 

camera:7.96s 

Moving 
Camera:2.0s 

-Robust to 

compression 

-Fast, Accurate 

 

6 

 

Digital & Multimedia 

Sciences 

Authentication of 

surveillance videos: 

Detecting frame 

duplication based on 

residual frame (2018) 

Standard deviation 

of residual frames 

SULFA dataset: 

PPV: 0.983 

TPR: 0.990 

F1: 0.986 

VIRAT dataset: 

PPV: 0.971 

TPR: 0.982 

F1: 0.976 

CSD:0.02 

s/frame 

SFD:0.01 

s/frame 

-small computation 

time 

-Used residual 

frames than 

original frame 

 

7 

 

Frame 

duplication/mirroring 

detection method with 

binary features(2017) 

Mirror invariant 

binary feature 

extraction 

technique 

Precision: 99.98% 

Recall: 99.30% 

Accuracy: 99.35% 

0.01 s/frame -Frame duplication 

detection even in 

presence of 

mirroring 
 

8 

 

 

Frame duplication 

detection based on 

BoW model (2017) 

Bag-of-Words 

(BoW) model 

Stationary camera: 

Precision:97.94% 

Recall: 97.65% 

Accuracy: 96.73% 

Moving camera: 

Precision: 98.57% 

Recall: 99.13% 

Accuracy: 98.17% 

0.2 s/frame Detects frame 

duplication 

 

9 

 

Inter-frame passive 

blind forgery detection 

for video shot based 

on based similarity 
analysis (2018) 

Similarity analysis 

method, comprises 

of 

-HSV 
-SURF+FLANN 

Precision: 98.07% 

Recall: 100% 

Accuracy: 99.01% 

0.44 s/frame -No requirement of 

reference frame 

-Forged regions are 

pinpointed 
correctly 

-Fails in case of 

inaccurate shots 

and scene changes 
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5 Datasets for Frame Duplication Detection 
 

In order to test the performance and confirm the outcome of various 

video forgery detection techniques various benchmarked datasets are needed. 
There are various video datasets available and the brief description of fer 

datasets that are used by the above methods is provided as follows: 

SULFA (Surrey University Library for Forensic Analysis) dataset is 

available to be used to test video forensics techniques, it comprises of 
original as well as forged videos. This dataset is easily accessible from 

Surrey University website. SULFA dataset consists of nearly 150 videos, 

captured from three different cameras, Fujifilm S2800HD (codec MJPEG), 
Canon SX220 (codec H.264), Nikon S3000 (codec MJPEG). As original 

videos in SULFA dataset are captured from many sources, whereas forged 

videos are generated using after tampering the videos with Aftereffects and 

Abode photoshop tools. Duration of every video in this dataset is nearly 10 
seconds with a resolution range 320*240 and frame rate is 30 frames per 

second. Temporal and spatial characteristics are maintained in this dataset.  

LASIESTA (Labeled and Annotated Sequences for Integral Evaluation 
of Segmentation Algorithms) dataset comprises of 48 videos from both 

indoor and outdoor scenes, every video covers a specific challenge such as 

camouflage, occlusions, illumination changes, shadows. Outdoor videos in 
this dataset consist of cloudy, sunny, snowy and rainy situations. There are 

videos with moving cameras in this dataset. It is best suited for determining 

the detection quality of moving objects. In total this dataset consists of two 

sequences, including both indoor and outdoor scenes.  

10 

 
 

Video frame and 

region duplication 
forgery detection 

based on correlation 

coefficient and 

coefficients of 

variation (2018) 

Correlation 

coefficient, 
coefficient 

variation 

Precision: 1 

Recall: 0.99 
Accuracy: 0.995 

F1: 0.994 

 

0.05 s/frame -Better detection 

-cannot detect less 
frames than the 

considered 

sequence of video 

11 

 

 

 

Frame duplication and 

shuffling forgery 

detection technique in 

surveillance video 

based on temporal 

average and gray level 

co-occurrence matrix 

(2020) 

Statistical Mean of 

every shot as well 

as statistical textual 

features 

Without post 

processing 

operations: 

Precision for: 

FDS: 0.94 

FD: 0.99 

With post 

processing: 
Precision for: 

FDS: 0.95 

FD: 0.99 

 

0.011 s/frame -shortest detection 

time 

-Inaccurate shot 

boundary 

accelerates false 

positives 
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Another advantage of this dataset is that it contains some videos 

sequences in which a moving body stays static in video such as an abandoned 

object, or a body stops for a while such as a person stops after moving 
continuously. Length of the video is variable from short to long sequences in 

this dataset, with video resolution of 352*288.  

VIRAT (The Video and Image Retrieval and Analysis Tool) dataset is 
developed to evaluate the results of event recognition algorithms in real 

situations.  This dataset consists of videos captured by both stationary ground 

cameras as well as moving aerial vehicles, with video resolution of 
1920*1080, frame rate is 23 frames per second and the length of each frame 

is 720*1280 pixels.  

 

6 Conclusion 
 

The easy availability of devices to capture video and quick advent of 
video editing software have led to edit the video contents whenever desired. 

This poses a big threat that anyone can forge the video anytime that cannot 

be recognized by the human eye. Whenever any video is presented in court, 

today it has become important to scientifically prove the integrity and 
authenticity of the video. So, this paper has highlighted various frame 

duplication detection techniques in video. The performance of various frame 

duplication techniques has been evaluated on various parameters like 
precision, recall, accuracy, F score. Some of the presented methods are tested 

on compressed as well as uncompressed videos, videos with moving camera 

and stationary camera, and other post processing operations. The proposed 

methods are can be used for further post processing operations such as 
compression, brightness change. In most techniques reference frame is 

required, inaccurate shot captured, so future work can be done on this and 

also detection time can be reduced. The methods can be extended to detect 
frame duplication in longer video sequences. A considerable amount of work 

can be accomplished on all the parameters. 
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