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Abstract—Global motion estimation aims at estimating the 
whole image changes causing by camera moving. This paper 
presents a global motion estimation method based on 
Fourier-Mellin and Phase-Correlation. Rotational angle and 
scaling factor are acquired by Phase-Correlation between 
Fourier-Mellin transform images of the reference and 
current image. Log-Polar coordinates are used to the 
Flourier amplitude spectrum. Translational parameter is 
obtained using sub-block based on Phase- Correlation. The 
proposed algorithm is robust to camera vibration or 
unwanted movement regardless of foreground object’s 
movement. Experimental results show that the proposed 
algorithm can efficiently and accurately estimate the 
parameter between two consecutive frames. 

Keywords-fourier-mellin; phase-correlation; global motion 
estimation; log-polar coordinate  

I. INTRODUCTION 
Digital image stabilization systems aim to remove 

irregular global motion effects from an image sequence in 
order to obtain a compensated sequence that displays 
smooth camera movements only [1].Hand-held video 
capturing devices such as digital video cameras and cell 
phones are becoming more and more accessible due to 
their lowered price and reduced size. While the annoying 
jitter due to unstable camera motion caused by 
unintentional shake of human hands are hardly to be 
avoided. Therefore image stabilization technique is 
needed to remove this inevitable and undesirable 
fluctuation motion during the image capturing process in 
order to acquire high quality videos.  

The digital image stabilization system can be divided 
into motion estimation and motion compensation [2]. The 
motion compensation system computes inter-frame global 
motion vector, which is the most important part of the 
system. The motion compensation system stabilizes the 
image sequence according to the motion vectors. Various 
digital image stabilizing system have been developed to 
minimize motion degradation such as block matching [3], 
representative point matching [4], gray scale projection 
algorithm [5], bit-plane matching [6] and Phase-
Correlation algorithm [7]. 

In this paper, we proposed a novel method based on 
Fourier-Mellin domain and Phase-Correlation. This 
algorithm can efficiently deal with rotational and scaling 
motions in addition to translational motion, even when the 
sequence has both large rotation motion and intended 
panning motion, proposed algorithm can work well. 

II. PHASE-CORRELATION THEORY 
Phase-Correlation was proposed by Kugin and Hines 

in 1975 [8], which based on Fourier domain. It only uses 
phase information and significantly reduces the reliance 
on the image content. It is also robust to illumination and 
noise. 

Assume ),(2 yxf  is the result of ),(1 yxf  translated 

by ),( 00 yx  and it can be described in Eq.1. 

),(),( 0012 yyxxfyxf −−=                                   (1) 

Their corresponding Fourier transforms 1f  and 2f  
will be related by Eq.2 
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The cross-power spectrum of two images 1f and 2f  

with Fourier transform 1F , 2F is defined as Eq.3 
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Where ),(*
2 ηξF  is the complex conjugate of 2F , the 

inverse Fourier transformation of )(2 00 yxje ηξπ +  is a Dirac 
δ -function define as Eq.4 

),( 00 yyxxcps −−=δ                                                   (4) 

It is approximately zero everywhere except at the 
displacement ),( 00 yx . 

III. FOURIER-MELLIN THEORY 
Fourier-Mellin Transform is a technique which turns 

the rotation and scaling in spatial domain into phase shifts 
[9]. 

Considering the current image ( )yxs ,  is rotated, 

scaled and translated from the reference image ( )yxf , . 
Supposing the rotation angle isϕ , the scaling coefficient 

isα  and the shift is ),( 00 yx .  
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Figure 2. The processing of computing rotational angle and scale factor 

Image (a) the original image. Image (b) rotation and translation from 
image (a).Image (c) the amplitude spectrum of image (a). Image (d) the 

amplitude spectrum of image (b).Image (e) the result of log-polar 
transform to image (c). Image (f) the result of log-polar transformation 
of image (d). Image (g) the result of phase correlation of image (e) and 

image (f) 

B. Compute the translatonal  factor 
Using rotational and scale factor to inverse transform 

the current frame, the influence caused by rotational and 
scale factor will be eliminated. As most image sequences 
may contain foreground objects moving which may 
mislead the global motion vector, we divide the image 
into sub-blocks (usually 64x64) .and then we choose the 
vector which has the largest probability as the final 
transitional factor. The overview of the process results is 
shown in Fig3. 

Step1: Dividing the images to many sub-blocks 
(usually 64x64).Then compute the displacements between 
correspondence sub-blocks using phase-correlation. If the 

sub-blocks are too small, similarity between blocks area is 
low. It may mislead the result of the computed 
translational factor.  

Step2: Statistics the computed motion vectors, and 
finding the vector of the most probability as the final 
transitional result. 

VI. EXPERIMENT AND ANALYSIS 
Table1 describes the experimental data in details. It 

was found in Table1 that the estimated transformation 
parameter values were nearly equal to the real parameter 
values. Using Fourier-Mellin and log-polar transformation, 
we successfully isolated rotation, translation and rotation 
factor. The peak value ought to be 1 in theory, but it is 
always less than 1 in practice. The noise and the similarity 
between two images influence the peak value. By 
experimental verification, the overlap of the two images if 
larger than 1/3, we can obtain right results. 

TABLE1.EXPERIMENTAL DATA IN DETAIL 

Image 
transform 

Real 
Parameter 

Estimate 
Parameter 

error peak 

Rotate 50 5.040 0.040 0.2
8 

Translate [8,10] [8,10] 0 0.7
6 

Scale 1.5 1.59 0.09 0.1
6 

Rotate 
Translate 

50, [8,10] 5.040,[9,10] 0.040,[1 0] 0.2
7 

Scale 
Translate 

1.5, [8,10] 1.59, [9,10] 0.09,[1 0] 0.1
1 

Rotate ,Scal
e 

50, [8,10] 5.040,[9,10] 0.04,[1 0] 0.0
5 
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Figure 3. Processing of computing transition parameter 

Image (a) original image .Image (b) the inverse transformed image. 
Image (c) the statistics of computed vector. Image (d) the statistics of 

computed vector 

(a) (b)

(c) (d)

(a) (b) 

(c) (d) 

(e) 
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VII. CONCLUSIONS 
In this paper, we propose an algorithm based on 

Fourier-Mellin and Phase-Correlation. The main 
advantage of the proposed method is that it can compute 
the rotation, scale, and transition factor at the same time. 
Using log-polar is invariant to rotation and scale. Using 
sub-block and data clustering can effectively eliminate the 
error caused by the foreground moving objects. 

REFERENCES 
[1] Jyh-Yeong Chang, Wen-Feng and Mu-Huo Cheng: Digital Image 

Translational and Rotational Motion Stabilization Using Optical 
Flow Technique. IEEE Trans. on Consumer Electronics,Vol. 48, 
NO.1. FEBRURY 2002 

[2] S. Erturk. Digital Image Stabilization with Sub-image Phase 
Correlation Based on Global Motion Estimation[J]. IEEE Trans. 
Consumer Electronics, 2003, 49(4): 1320-1325 

[3] Oguzhan Urhan, Constrained One-Bit Transform for Low 
Complexity Block Motion Estimation. IEEE Trans. On Circuits 
and Systems for Video Technology.17, no.4.April 2007 

[4] Zhong Ping, An Improved Representative Point Match Algorithm 
in The Application of Image Stabilization Technology. OPTICAL 
TECHNIQUE, vol.31 no.5 Sep.2005 (IN CHINESE) 

[5] Wang Xiaoyong, Li Qi, Xu Zhihai, Real Time Digital Image 
Stabilization System Based on Gray Projection Algorithm. ACTA 
OPTICA SINICA,vol.35,no.8 ,Aug.2006 

[6] S.-H. Lee, K.-H and S.-J. Ko, Digital Image Stabilizing 
Algorithms Based on Bit-Plane Matching, in Consumer 
Electronics, 1998.ICCE.1998 Digest of Technical Papers. 
International Conference on, 1998,pp. 126-127 

[7] Sanjeev Kumar, Haleh Azartash, Maiak Biwas. Real-Time Affine 
Global Motion Estimation Using Phase-Correlation and its 
Application for Digital Image Stabilization. IEEE Trans. on Image 
Processing, vol.20.no.12.December 2011 

[8] Kulin C D, Hines D C. The Phase Correlation Alignment Method 
[C]. IEEE International Conference on Cybernetics and Society. 
New York. USA,1975:163-165 

[9] J.R Martinez-de Dios, A. Ollero,” A Real-Time Image 
Stabilization System Based on Fourier-Mellin Transform”, 
Lecture Notes in Computer Science, pp: 376-383,2004 

[10] Fei Yuan, Hong Zhang, Ruiming Jia,” Digital Image Stabilization 
Based on Log-Polar Transform”, Fourth International Conference 
on Image and Graphics,2007 

 

 

639




