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Abstract. Copy-move forgery, or region-duplication, is a common type
of digital image tampering. This paper presents a novel approach to
detect copy-move forgery even if rotation and/or scaling took place before
copying. The image under test is divided into fixed-size blocks, and log-
polar Fourier transform (LPFT) is performed on the inscribed circles of
these blocks. Similarity in the LPFT between different patches provides
an indication of the copy-move operation. Experimental results show
efficacy of the proposed method.
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1 Introduction

With the proliferation of sophisticated image-editing software, digital images can
be easily manipulated without leaving any perceptible traces. Although digital
watermarking can be used in image authentication, application of watermarking
is limited as a watermark must be embedded into the image before any tamper-
ing occurs. To this end, passive image forensic techniques have been developed
for image authentication without the need of any precautious measures, and
therefore are more flexible and practical. These techniques work on the assump-
tion that although image forgeries may leave no visual clues of tampering, they
alter the underlying statistics of an image.

Copy-move is a common type of image manipulation, which copies one part
of the image and pastes into another in the same image. Detection of copy-move
forgery is based on the presence of duplicated regions in the tampered image even
though the image has undergone post-processing operations such as smoothing
and local modifications. Exhaustive search is a straightforward way to detect
copy-move, but it has very high computation complexity and is unable to deal
with situations where the pasted object has been rescaled and/or rotated.

To reduce computational complexity, research has been done to use block-
matching. Some related methods are based on lexicographic sorting of quantized
DCT coefficients of image block [1] or PCA results of fix-sized image blocks [2]
or using blur moment invariants as eigenvalues of image blocks [3]. In practice,
copy-move forgery is often accompanied by scaling and rotation. For example,
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(a) (b)

Fig. 1. Copy-move with scaling and rotation (a) original image, and (b) forged image

the balloon in Fig. 1(a) is rotated by 15◦ and scaled by a factor of 0.8 before
pasting into the same image to produce the result of Fig. 1(b). Features used
in some previous methods such as DCT coefficients and eigenvectors of PCA
bases are changed when the duplicated region is scaled/rotated, and therefore
the above methods will fail in these cases.

To solve the problem, log-polar transform (LPT) may be performed on image
blocks followed by wavelet decomposition [4] or lexicographic sorting [5]. Consid-
eration of LPT comes from its scaling/rotation invariance and its successful use
in other fields such as watermarking [6] and image registration [7]. Bayram et al.
[8] proposed an approach based on Fourier-Mellin transform (FMT), in which
each block is first Fourier transformed, and the resulting magnitude values are
then mapped into log-polar coordinates. FMT values are finally projected to
one dimension to give the feature vectors. Although these methods can detect
copy-move forgery with scaling, they do not work well when large angle rotation
of the pasted object is involved. For example, the upper limit of rotation is 10◦

in the method of [8].
In this paper, we propose an approach to detect copy-move image forgery

with rotation/scaling tolerance. The method is based on the log-polar Fourier
transform (LPFT). The image to be tested is divided into fixed-size blocks, and
the inscribed circles of the blocks are taken to give circular regions of the same
size. Unlike the method introduced in [8] where log-polar mapping is done in the
Fourier domain of the image, we first perform a log-polar transform (LPT) on
every circular region, which is in the image domain, and then take 2D Fourier
transform of the LPT result. Similarity between the original and forged regions
is revealed by comparing the cross-spectra of the LPFT results. Experimental
results show that the proposed method is effective even if scaling and large-angle
rotation occurred in the tampered regions.

2 Copy-Move Forgery Detection Using LPFT

As stated in the above, LPFT consists of two steps: LPT and FT. The purpose
of LPT is to convert image scaling and rotation into translation of the log-polar
representation. We identify tampered regions by comparing cross-spectrum coef-
ficients of the LPFT magnitude spectra.
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2.1 Property of LPFT

The log-polar transform is rotation and scaling invariant as rotation and scaling
in the image domain corresponds to translational shift in the LPT domain.
Denoting the origin in the image domain (x0, y0) and the coordinates of any
pixel (x , y), we have the log-polar coordinates:

ρ = log
√

(x − x0)
2 + (y − y0)

2 (1)

θ = arctan
(

y − y0

x − x0

)
, when x �= x0 (2)

where ρ is logarithm of the radial distance from the origin and θ the polar angle.
Essentially, by applying a log-polar transform to an image, concentric circles in
the image are mapped to parallel lines in the LPT domain. We will use this
property to detect copy-move forgery.

Consider a source image S and its rotated-scaled replica R with a rotation
angle θ0 and scaling factor λ0. Let f and g represent luminance values in S and
R respectively. Thus,

f (xR, yR) = g (xR, yR) (3)

where pixel locations in the two domains have the following relation:
(

xR

yR

)
= λ0

(
cos θ0 − sin θ0

sin θ0 cos θ0

) (
xS

yS

)
(4)

Now we compute LPT of S and R to produce SLP and RLP with pixels denoted,
for simplicity, by S (ρS, θS) and R(ρR, θR) respectively. From the definition of
LPT, we can easily obtain:

{
ρR = ρS + log λ0

θR = (θS + θ0) mod 2π
(5)

Therefore, in the log-polar coordinates, the relation between S (ρS, θS) and R(ρR,
θR) can be established:

R (ρR, θR) = S (ρS + log λ0, θR + θ0) (6)

Eq. (6) indicates that R is a translated replica of S in the log-polar domain. Fig.
2 shows an example in which rotation and scaling in the Cartesian coordinates
are converted into translation in the LPT domain. The abscissa and ordinate in
the log-polar coordinates correspond to θ and ρ, respectively. The original image
in Fig. 2(a) is rotated by 37◦ , and scaled by a factor of 1.2 and then cropped
to keep the same size, see Fig. 2(b). Their LPT versions are shown in Figs. 2(d)
and 2(e). The two LPT versions differ by a translational shift. Note that, as
the image is enlarged, a part of the image in the log-polar domain is moved out
of the display area and another part moved in. Fig. 2(c) is another version of
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(a) (b) (c)

(d) (e) (f)

Fig. 2. Image rotation and scaling: (a) original, (b) rotated by 37◦ and scaled by 1.2,
(c) scaled by 1.5, (d) LPT of the original, (e) LPT of the rotated-scaled image, and (f)
LPT of the image scaled by 1.5

Fig. 2(a) with a scaling factor 1.5 and the same size cut, and its LPT result is
shown in Fig. 2(f). Compared with Fig. 2(d), almost one-third of the content
of Fig. 2(f) has changed. Scaling with a larger factor, e.g., greater than 1.5,
introduces too much change of the image content in the LPT domain, therefore
is not considered in the present work.

Take Fourier transform of both sides of Eq. (6):

FR (u, v) = FS (u, v) exp [2πj (u log λ0 + vθ0)] (7)

and define the normalized cross-spectrum of FR and FS as:

G (u, v) =
FR (u, v)F ∗

S (u, v)
|FR (u, v)F ∗

S (u, v) | (8)

The asterisk indicates complex conjugate. Since |FR| = |FS| as can be seen from
(7), G(u, v) is a two dimensional complex sinusoid:

G (u, v) = exp [−2πj (u log λ0 + vθ0)] (9)

We know that Fourier transform of a sinusoidal function is a delta function.
Therefore, a peak would be present in the Fourier transform, FG(u, v), if R is
a rotated-scaled replica of S. For example, Fig. 3 shows FG(u, v) of Figs. 2(a)
and 2(b).

2.2 Copy-Move Forgery Detection

We confine our discussion to gray scale images in this work. For color images, take
the luminance component of the image’s YCbCr representation. The proposed
forgery detection steps are:
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Fig. 3. FG(u, v) of the two images in Figs. 2(a) and 2(b), x and y axes correspond to
u and v respectively, and z axis represents the magnitude value of FG(u, v)

1. Divide the m × n image I such as the one shown in Fig. 4(a) into square
blocks sized 2r-by-2r, and take the inscribed circle of each block. Denote the
circular region as S(i, j; x, y, z) where (x, y) is the center, and r the radius:

S (i, j; x, y, r) = I(x − r + j, y − r + j),
√

(x − x0)
2 + (y − y0)

2 ≤ r (10)

The ranges of x and y are

{
r ≤ x ≤ m − r

r ≤ y ≤ n − r
(11)

Since x and y have m− 2r + 1 and n− 2r + 1 different values respectively, there
are a total of K = (m − 2r + 1)(n − 2r + 1) circles as sketched in Fig. 4(b).

2. Compute LPT of each circular region, and Fourier-transform the LPT re-
sult. The K results of LPFT are denoted as {V1,V2, . . . ,VK}, see examples in
Figs. 4(c)-(f).

3. Compute normalized cross-spectrum G(u, v) between each pair of Vk, and
find the maximum, resulting in a total of L = K × (K − 1)/2 maximal values
{p1, p2, . . . , pL}, each corresponding to a pair of circles in I.

4. Compare the members in {p1, p2, . . . , pL} with a threshold T chosen as the
average absolute value of FG(u, v). If pl(l = 1, 2, . . . , L) is greater than T , the
two corresponding image blocks in I are regarded as belonging to copy-move
regions.

The best choice of radius r of the circular region is related to the size of
tampered region. Without any a priori knowledge of the image forgery, we can
choose the r value according to the image size. In this work, test images are 512×
512 or smaller. We let radius r be 10 pixels that is a compromise between false
alarm and correct detection. Detection of any two image regions with overlapped
parts is excluded to avoid false alarm caused by repeated detection of the same
part in different image regions.
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(a) (b)

(c) (d) (e) (f)

Fig. 4. Circular regions in the test image and the LPFT: (a) a circle in the image, (b)
scanning over the circular regions, (c) LPT of one circle (source), (d) magnitude of
LPFT of the source circle, (e) LPT of the rotated-scaled replica, and (f) magnitude of
LPFT of the replica

3 Experimental Results

From the above discussion, there is a peak in FG(u, v) of two image regions
when one is a replica of the other, as shown in Fig. 3. To set the threshold T ,
we perform a series of experiments for different T values from 0.1 to 0.5 with
an increment 0.05. The optimal value turns out to be between 0.3 and 0.35. We
normalize FG(u, v) and let T = 0.3 in the following experiments. If the average
value of normalized FG(u, v) is less than T , which means that a peak value exists
in the normalized FG(u, v), the two corresponding image regions are considered
in copy-move areas, and marked with red squares.

Figs. 5(a) and 5(b) present a case of copy-move forgery with rotation. The
lighter in Fig. 5(a) is rotated by 70◦ and pasted to another part of the image,
as shown in Fig. 5(b), with the detection result in Fig. 5(c). In Fig. 6, the ball
is duplicated with a scaling factor 0.67. Fig. 7 shows a rock being scaled by 0.8,
copied and pasted to the bottom-left corner. Fig. 8 presents an example in which
the pasted skater is taken from the image, rotated by 4◦ and enlarged by 1.2,
and then pasted in the bottom-right corner. All the copied-moved objects and
their source regions are correctly identified. In Fig. 9, the detection result of
Fig. 1(b) is given, together with horizontal sections of normalized FG(u, v) with
peaks indicating the copy-move operation.
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(a) (b) (c)

Fig. 5. Detection of a rotated-copied lighter: (a) original, (b) tampered with the lighter
rotated by 70◦ and pasted to another region, and (c) detection result

(a) (b) (c)

Fig. 6. Detection of a scaled-copied ball: (a) original, (b) tampered with the ball shrunk
by 0.67 and pasted, and (c) detection result

(a) (b) (c)

Fig. 7. Detection of a scaled-copied rock: (a) original, (b) tampered with the rock
shrunk by 0.8 and pasted, and (c) detection result
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(a) (b)

(c)

Fig. 8. Detection of a rotated-scaled-copied skater: (a) original, (b) tampered with the
skier rotated by 4 degrees, enlarged by 1.2 and pasted, and (c) detection result

(a)

(b)

Fig. 9. Detection of the pasted balloon as in Fig. 1: (a) detection result, and (b)
horizontal sections of normalized FT of cross spectrum of LPFT corresponding to
tampered areas
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4 Conclusions

We have proposed an effective method to detect copy-move image forgery with
rotation and scaling tolerance. LPFT is employed to convert scaling and rotation
in the image domain into translation in the log-polar domain, and peaks in the
cross-spectra of LPFT pairs reveal similarity in the corresponding pairs of image
blocks. This way, tampered areas in an image produced by copy-move operations,
even accompanied with rotation and scaling, can be identified. Unlike FMT
features in [8], the proposed LPFT is robust to large rotation, and experimental
results show the efficacy of our method.

The next concern is to cope with more challenging cases containing scaling,
rotation, re-sampling, cropping and other complicated post-manipulations.
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