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Abstract— The development of new hardware and improved 

human-computer interfaces can effortlessly generate the fake 

images. Multiple image processing softwares are used to detect the 

image forgeries that could not be seen through the human eye. In 

the Copy-Move Forgery (CMF), a part of the image is copied and 

pasted in the other part of the same image. In this paper, an 

efficient segmentation based copy-move forgery detection scheme 

is proposed. When compared to the existing key point extraction 

based state-of-the-art forgery detection schemes, the proposed 

scheme splits the images into independent patches. The copy-move 

forgery regions are detected by matching the image patches. The 

matching process consist of two stages. During the initial stage, the 

pairs that contain the copy-move forgery regions are detected. 

With the computed patches, an affine transform matrix is 

constructed. In the second stage, the estimated matrix is optimized 

using the Expectation-Maximization (EM) based algorithm. 

Further, the presence of the copy-move forgery regions are 

confirmed. The performance of the proposed scheme is compared 

with the existing Scale-Invariant Feature Transform (SIFT), 

Zemike and the Speeded-Up Robust Features (SURF) algorithms 

for the performance metrics such as precision and recall. The 

experimental results show that the proposed scheme is optimal 

than the existing algorithms.  

 
Index Terms— Copy-Move Forgery (CMF), Expectation 

Maximization (EM), Scale-Invariant Feature Transform (SIFT), 

Speeded-Up Robust Features (SURF), Affine transform matrix, 

Segmentation. 

 

I. INTRODUCTION  

ultiple applications such as medicine, journalism, digital 

forensics, etc., exploit the digital images. These images 

can be easily altered using the image editing tools like 

Photoshop, Picasa, Lightroom, etc. The manipulation of the 

digital images create the forged images or the misleading 

images. The forged images are created by tampering, 

cloning/slicing the images. In certain cases, the digitally forged 

images will be so realistic such that it could not be distinguished 

from the original image. Hence, the techniques that validate the 

image authenticity and integrity is very important especially for 

the field of financial documents, evidences submitted in the 

court, medical records, etc.  

 The digital image forgery detection techniques are 

classified into two main categories such as active and passive 

approaches [1]. The difference between the two approaches is, 

the active approach demands image pre-processing. Whereas 

the passive approaches does not require any watermark to be 

embedded with the images. Hence, when compared to the active 

approaches, the passive approaches are more advantageous. 

The passive image forgery techniques are classified into five 

categories such as pixel based techniques, format based 

techniques, camera based techniques, geometry based 

techniques, and physical environment based techniques [1]. The 

pixel based image forgery detection mainly focuses on the 

pixels of the digital image. It is further classified into four sub 

types such as copy-move, slicing, etc.  In this paper we have 

focused on the copy-move forgery detection scheme. An 

example of the copy-move forgery is depicted in the figure 1 

(a) and (b). 

 

   
(a)                          (b) 

        Figure 1. (a) Original Image (b) Forged Image 

 

The existing algorithms such as SIFT and SURF are 

commonly used for the copy-move forgery detection. In SIFT, 

the interesting points in the object are collected as features. 

These features are then described to locate the object in an 

image that contains many other objects. The disadvantage of the 

SIFT algorithm is, it demands many considerations for 

extracting the features and recording them. The descriptors of 

the SURF algorithm is used for the object recognition or 

registration or classification. Though the SIFT and the SURF 

algorithms provide a satisfactory copy-move forgery detection, 

it did not detect the smaller forgeries that is essential for the 

spatial resolution. Further, it did not detect the forgeries in the 

facial images. To address these issues an efficient segmentation 

based copy-move forgery detection scheme is proposed. The 

suggested scheme consumes both the original image and the 
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forgery image as input for detecting the forgery portion through 

the construction of the affine transformation. An affine map is 

a function of the affine spaces that preserves the points, straight 

lines, and planes. Even after the affine transformation, the 

parallel lines are maintained parallel. By exploiting the 

extracted points, the patch matching process is executed for 

detecting the forgery portion. To validate the performance of 

the proposed scheme, it is compared with the existing SURF 

and the SIFT algorithms.  

The remainder of the paper is systematized as follows, 

Section II describes the existing copy-move forgery detection 

techniques. Section III illustrates the proposed segmentation 

based copy-move forgery detection scheme and section IV 

describes the performance results of the proposed method. 

Section V illustrates the conclusion of this paper.  

II. RELATED WORK 

This section discusses the various existing Copy-Move 

Forgery detection techniques. Sunil, et al [2] proposed a key 

point based hybrid method to detect the copy move forgeries. 

The BRISK descriptors were used to minimize the time 

consumed for the descriptor extraction. The binary features 

were matched using the hamming distance. When compared to 

the SURF method, the proposed hybrid method was faster. 

Yang, et al [3] suggested a Fractional Fourier Transform 

(FRFT) to detect the Copy-Move Forgery. Initially, the Discrete 

Wavelet Transform (DWT) of the forged image was used to 

minimize the image dimension then the low frequency of the 

sub band was divided into equal sized overlapped blocks. The 

feature vectors were arranged in the lexicographical order. 

Zandi, et al [4] proposed an adaptive threshold for the matching 

phase of the copy-move forgery detection. The suggested 

method reduced the number of false matches and further 

provided an optimal performance and computational cost.  

Zhu, et al [5] addressed the issues such as false matching, 

and minimal robustness in detecting the copy-move forgeries. 

The proposed methodology had three steps. During step 1, the 

Gaussian scale space was initialized. At step2, the oriented 

FAST key points and the ORB features in the scale space were 

obtained. At the last step, the coordinates of the oriented FAST 

key points were inverted and matched with the ORB features 

using the hamming distance. Ewerton, et al [6] proposed a 

multi-scale analysis and voting process based approach for the 

copy-move forgery detection. The geometric constraints were 

used to cluster the interested points and the correspondent 

points. The suggested method minimized the search space of 

the duplicated regions. Christlein, et al [7] analyzed the various 

copy-move forgery detection algorithms to detect the optimal 

matching, filtering, outlier detection, and affine transformation 

techniques. The analysis results proved that the key point based 

features such as the SIFT and the SURF provided robustness 

against the multiple noise sources.  Tralic, et al [8] applied the 

Cellular Automata (CA) to the Copy-Move Forgery Detection 

(CMFD) for learning the overlapping blocks in the image. The 

blocks that were copied are easily identified using the features 

extracted from the rules. Kumar, et al [9] suggested a Discrete 

Cosine Transform (DCT) for representing the features of the 

overlapping blocks. Further, the threshold was automated by 

separating the stray matches from the authentic matches. Tralic, 

et al [10] proposed a novel method that combines the Cellular 

Automata (CA) and the Local Binary Patterns (LBP) for 

extracting the feature vectors that helps in the detection of the 

duplicated region. In case of the plain/multiple copy-move 

forgeries, and rotation of the duplicated regions, the suggested 

method produced optimal performance. Pameli, et al [11] 

proposed a combination of the Discrete Cosine Transform 

(DCT) and Discrete Wavelet Transform (DWT) for the copy-

move forgery detection. The speed and cost effectiveness 

characteristics of the block matching approach enhanced its 

performance. Najah, et al [12] proposed a non-intrusive method 

for the copy-move forgery detection. The suggested algorithm 

was based on the image segmentation and denoising algorithm. 

By exploiting the noise images, the entire noise of the image 

was estimated.  

Shin, et al [13] proposed a fast detection method of the 

copy-move forgery image using three main steps in the spatial 

domain. When compared to the frequency domain algorithms, 

and the exhaustive search algorithms, the suggested algorithm 

reduced the computational complexity. Nandini, et al  [14] 

surveyed various techniques for the pixel based forgery 

detection. The first method was copy-move detection and the 

second method was the fast-copy move detection. In case of the 

copy-move technique, a part of the image was copied and 

pasted in the other part of the image. The limitation of the copy-

move technique was, it can only shift the copied regions. 

Whereas, the fast-copy move technique detected even a very 

small region. Pandey, et al [15] suggested a SURF, SIFT, and 

passive forensic scheme based copy-move forgery detection. 

The advantages of the proposed method were speed, robustness, 

and optimal performance. Al-Qershi, et al [16] proposed a novel 

matching method that enhances the detection accuracy. When 

compared to the existing lexicographical sorting based 

matching method, the proposed matching method improved the 

detection accuracy by 40%.  

III. SEGMENTATION BASED COPY-MOVE FORGERY DETECTION 

SCHEME 

This section provides the detailed description of the 

proposed segmentation based copy-move forgery detection 

scheme. The figure 2 shows the overall flow of the proposed 

scheme. It is composed of the following components. 

 Preprocessing  

 Segmentation  

 Affine Transformation 

 Patch Matching 

 Detection of Forgery Images 
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           Fig 2. Flowchart of the proposed framework 

 

A. Pre-Processing  

 The input image is converted into an illuminant map using 

the YCbCr. The Y in the YCbCr denotes the luminance 

component. The Cb and the Cr denotes the chrominance factors. 

The Y’ is the brightness (luma), the 𝑐𝐵 is blue minus luma (B-

Y), and the 𝑐𝑅 is red minus luma (R-Y). Three rules are framed 

for aiding the segmentation process. 

Rule 1: Y >∝  

Rule 2: Cb > β 

Rule 3: Cr > γ 

Where, 

∝=120 

β= 95 

γ=110 

The rule 1 states that the value of the luma should be larger 

than ∝. The rule 2 states that the value of the chrominance 

factor Cb should be larger than β. The rule 3 states that the 

chrominance factor Cr must be greater than the γ. If the pixels 

of the image satisfies these three rules, then the pixels are 

regarded as the original image, else it will treat them as the 

forged image.  

  

B. Segmentation  

 The copied image portion can be separated from the 

original image by segmenting the image into smaller patches. 

In this paper the segmentation is performed using the Simple 

Linear Iterative Clustering (SLIC) algorithm [17]. Each patch 

is semantically independent of the other. The images are 

segmented into more than 100 patches because more than two 

CMF region may exist in the same patch. When the number of 

segmented patches are less, the necessary information for an 

efficient Copy-Move Forgery Detection (CMFD) will be 

significantly reduced. The advantages of the SLIC algorithm 

are simplicity, and high speed processing. An example of the 

SLIC algorithm based segmentation is shown in figure 3.  

 

 
Figure 3. Segmented image 

 

C.  Initial Stage of Matching  

 The initial stage of the matching process includes the 

following stages.  

 Key point Extraction  

 Matching between the patches 

 

Key point Extraction 

 The key points in the image are detected using the affine 

transformation. It basically defines the relationship between 

two regions. If A is the coordinates of the pixels in the copying 

source region and if B is the coordinates of the pixels in the 

pasting target region, then the Hessian affine T is defined using 

the following equation. 

B=T.A      (1) 

The information related to the T can be explicit or it can be 

based on the geometric relationship between the points. If the 

regions A and B are represented as shown in equation (2) then 

the Hessian affine can be obtained as shown in equation (3). It 

is represented in a 2x3 matrix.  

A= [
𝑖00 𝑖01

𝑖10 𝑖11
]    B=[

𝑗00

𝑗10
]     (2) 

T= [A, B] =[
𝑖00 𝑖01 𝑗00

𝑖10 𝑖11 𝑗10
]    (3) 

The steps involved in the affine transformation is depicted 

below,  

Steps involved in the Affine Transformation 

 

Step 1: The images were initially divided into small regions 

with particular window size. 

Step 2: The interest points (corners) in the images were 

identified by finding the derivatives of the particular regions 

which is defined by hessian matrix. 

Step 3: Calculate the second partial derivative of the particular 

region. 

Step 4: Construct the Hessian matrix 

Step 5: Smoothening of the Hessian matrix coordinates with the 

help of the Gaussian function. 

Step 6: Reconstruct the obtained windows to get a complete 

image by filtering the obtained regions from the image. 
 

The advantage of using the affine transformation are the 

preservation of parallel lines, rotation, scaling, and shearing. 

The example of the Hessian affine detector points is shown in 

figure 4.  
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Fig 4. Hessian Affine Detector Points 

 

In this paper, the features obtained from the construction of the 

Hessian affine is depicted in the following equation.  

T=[
148 256 57
185 152 256

]     (4) 

 

Matching between the patches  

 Based on the Hessian affine T obtained from the affine 

transform, the patches are matched and the suspicious patches 

are detected. Given an input patch, the distance between the two 

key points are obtained by finding the difference between their 

descriptors. By exploiting the average number of key points, 

more patches are eliminated from the estimation of the 

transformation matrix. Only by using the single stage matching, 

the estimation of the transform matrix is not accurate. Further, 

some of the detected patches may produce false alarm such as 

there is no copy-move forgery regions. To address these issues, 

a second level matching is proposed.  

 

D. Second Stage of Matching  

 In the second stage of the matching process, all pixels in 

the matched patches are exploited to estimate a more accurate 

Hessian affine. Further, the pixels of the copy-move forgery 

region can be completely distinguished from the background. 

As the matched pixels in the A and B regions are close to each 

other, the relationship between these regions are redefined as,  

B=T-1.A      (5) 

If the transform matrix obtained from the first stage is T0 then 

the new transformed image is obtained using the following 

equation. 

𝐾^ = 𝑇0
−1. 𝐾.     (6) 

An example for the second stage matching is depicted in the 

figure 5.  

 
Fig 5. Second Stage of Matching 

 

As a result of the second stage matching, the forged region 

can be efficiently detected. An example of the detected region 

is shown in the figure 6. 

 

 
Fig 6. Detected Region  

IV. PERFORMANCE ANALYSIS 

The experimental evaluation is performed using the MICC-

F220 from [18]. From the database we have considered 15 

original images and 51 forged images. The copied images from 

the dataset are rotated by 30° and then scaled by 120% before 

pasting to the original images. In order to prove the efficiency 

of the proposed scheme, it is validated against the existing 

SURF, Zernike and SIFT algorithms for the metrics such as  

 Precision 

 Recall 

 

(i) Precision  

 The precision calculates the ratio of the retrieved copy-

move forgery pixels in all the retrieved pixels. It is calculated 

using the following equation,  

 

Precision = 
|{𝐶𝑜𝑝𝑦−𝑚𝑜𝑣𝑒 𝑓𝑜𝑟𝑔𝑒𝑟𝑦 𝑝𝑖𝑥𝑒𝑙𝑠} ∩{𝑟𝑒𝑡𝑟𝑒𝑖𝑒𝑣𝑒𝑑 𝑝𝑖𝑥𝑒𝑙𝑠}|

|{𝑟𝑒𝑡𝑟𝑒𝑖𝑣𝑒𝑑 𝑝𝑖𝑥𝑒𝑙𝑠}|
  (7) 

The precision of the proposed segmentation based copy-

move forgery detection is compared with the existing SIFT, 

SURF, and Zemike methods for the varying noise levels, 

quality factors, angle, downscale rate, and upscale rate. Further, 

the precision of the proposed and the existing methods for all 

the images are analyzed. The comparison results show that the 

proposed method produces optimal precision values than the 

existing methods. The comparison of precision with different 

factors are depicted in the figures 7-12.  

 

 
Fig 7. Comparison of precision Vs Noise (Standard Deviation) for  

the existing and the proposed methods 
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Fig 8. Comparison of precision Vs Quality Factor for  

the existing and the proposed methods 

 

 

 
Fig 9. Comparison of precision Vs Angle for 

the existing and the proposed methods 
 

 
Fig 10. Comparison of precision Vs Down Scale Rate for 

the existing and the proposed methods 

 

 
Fig 11. Comparison of precision Vs Up Scale Rate for 

the existing and the proposed methods 

 

 
Fig. 12 Comparison of precision for all the images for the existing and the 

proposed method 
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(ii) Recall 

 The recall computes the ratio of the retrieved CMF pixels 

in all of the CMF pixels. It is computed using the following 

equation, 

 

Recall = 
|{𝐶𝑜𝑝𝑔𝑦−𝑚𝑜𝑣𝑒 𝑓𝑜𝑟𝑒𝑟𝑦 𝑝𝑖𝑥𝑒𝑙𝑠} ∩{𝑟𝑒𝑡𝑟𝑒𝑖𝑒𝑣𝑒𝑑 𝑝𝑖𝑥𝑒𝑙𝑠}|

|{𝐶𝑜𝑝𝑔𝑦−𝑚𝑜𝑣𝑒 𝑓𝑜𝑟𝑒𝑟𝑦 𝑝𝑖𝑥𝑒𝑙𝑠}|
  (8) 

The recall values of the proposed segmentation based 

copy-move forgery detection is compared with the existing 

SIFT, SURF, and Zemike methods for the varying noise levels, 

quality factors, angle, downscale rate, and upscale rate. Further, 

the recall value of the proposed and the existing methods for all 

the images are analyzed. The comparison results show that the 

proposed method produces optimal recall values than the 

existing methods. The comparison of the recall with different 

factors are depicted in the figures 13-18.  

 

 
Fig. 13 Comparison of Recall Vs Noise (Standard Deviation) for  

the existing and the proposed methods 
 

 
Fig. 14 Comparison of Recall Vs Quality Factor for  

the existing and the proposed methods 

 

 
Fig. 15 Comparison of Recall Vs Angle for  

the existing and the proposed methods 

 

 
Fig. 16 Comparison of Recall Vs Down Scale Rate  for  

the existing and the proposed methods 
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Fig. 17 Comparison of Recall Vs Up Scale Rate for  

the existing and the proposed methods 

 

 
Fig. 18 Comparison of Recall for all the images for  

the existing and the proposed methods 

V. CONCLUSION  

This paper proposes a segmentation based copy-move 

forgery detection scheme for segmenting the forged image from 

the original image. The proposed scheme is validated using the 

MICC-F220 dataset. The dataset contains a combination of both 

the original image and the forged image. Initially the images 

from the dataset are pre-processed using the YCbCr. After the 

creation of the illumination map, the SLIC algorithm is used for 

the segmentation process. The segmented patches are then 

subjected to the initial stage of the matching. During this stage, 

the affine transformation is deployed to extract the key points 

then the extracted patches are matched. Since the matching 

results obtained from the initial stage is not satisfactory, the 

second level matching is suggested. The second stage of the 

matching considers all the pixels in the matched patches from 

the initial stage. The hessian affine is redefined after the second 

stage of matching. The detection of the copy-move forgery after 

the second stage matching is found to be more accurate. The 

superiority of the proposed scheme is validated against the 

existing SURF and the SIFT algorithms. The metrics such as 

precision and recall are used for the validation process. 

Experimental results show that, when compared to the existing 

algorithms, the suggested scheme produced optimal precision 

and recall values.  
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