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Abstract. Global motion estimation (GME) is an important technique in image 
and video processing. Whereas the direct global motion estimation techniques 
boast reasonable precision they tend to suffer from high computational com-
plexity. As with indirect methods, though presenting lower computational com-
plexity they mostly exhibit lower accuracy than their direct counterparts. In this 
paper, the authors introduce a robust algorithm for GME with near identical ac-
curacy and almost 50-times faster than MPEG-4 verification model (VM). This 
approach entails two stages in which, first, motion vector of sampled block is 
employed to obtain initial GME then Levenberg-Marquardt algorithm is applied 
to the sub-sampled pixels to optimize the initial GME values. As will be shown, 
the proposed solution exhibits remarkable accuracy and speed features with 
simulation results distinctively bearing them out. 

1   Introduction 

Motion estimation and compensation is one of the most essential techniques in video 
compression and processing. Motions in video are categorized into local motion (LM) 
and global motion (GM) [1]. The LMs are resulted from movement, rotation and re-
form of objects, while the GMs are due to movement, rotation, and camera zoom [2]. 
Global motion estimation (GME) has many applications such as video coding, image 
stabilization, video object segmentation, virtual reality and etc. In MPEG-4 standard, 
some techniques such as sprite coding and global motion compensation (GMC) are 
required for GME [3].  

The common GME methods are divided into direct and indirect categories. In the 
direct category, which is pixel-based, prediction error is minimized by using optimi-
zation methods such as Levenberg-Marquardt algorithm (LMA) [1],[2],[4]-[7]. The 
indirect methods consist of two stages. In the first stage, motion vectors of blocks are 
calculated and by using these vectors, GM of frame is estimated in the second stage 
[8]-[14].  

In MPEG-4 verification model (VM), GME is a direct type scheme where LMA is ap-
plied to the whole frame. Since LMA has high computational complexity, some methods 
have been devised by considering a limited number of pixels in the calculations. One such 
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technique is called FFRGMET that is used in MPEG-4 optimizing model. This technique 
just applies LMA to a number of pixels called feature pixels [15]. In [6], pixels are se-
lected using gradient method. In this work, each frame is divided into 100 blocks and then 
10% of pixels with the highest gradient are selected from each block. This procedure re-
quires gradient calculations and pixels arrangement based on the gradients. Therefore, this 
method has a considerable computational complexity. The idea of random pixels selection 
is introduced in [16]. In spite of the method presented in [6], this technique has much 
lower computational complexity. However, random pixel selection causes numerical in-
stabilities. In [4] and [5], pixels are selected based on a static pattern. In these papers, au-
thors divide the frame into non-overlapped blocks and then select a few pixels with static 
pattern from each block. This method has low computational complexity and also does not 
cause numerical instabilities. In comparison to MPEG-4 VM, this scheme is faster with lit-
tle accuracy degradation. An indirect GME for the affine model is proposed in [14]. In this 
study, firstly the amount of translation is estimated by using integral projection algorithm 
(IPA) and then based on that information a limited block-matching is performed for each 
sampled block.  

In this paper, we have improved the proposed method in [14] and intend to use the 
perspective model. This is expected to achieve an improvement of peak signal to 
noise ratio (PSNR) at low complexity. 

The reminder of this paper is organized as follows. The motion models are de-
scribed in section 2 and in section 3, the proposed method including its different steps 
are discussed in details. The simulation studies are provided in section 4 and finally 
the paper is concluded in section 5. 

2   Motion Models 

The most comprehensive GM model in MPEG-4 is the perspective model. This model 
encompasses simpler models. This model is defined by: 
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where m is GM vector from current frame pixels (xi , yi) to reference frame pixels (x'i , 
y'i). This vector consists of translation parameters (m3 and m6), rotation and zoom pa-
rameters (m1, m2, m4, and m5), and perspective parameters (m7 and m8). Simpler mod-
els such as affine (with 6 parameters, m7= m8=0), Translation-Zoom-Rotation (with 4 
parameters, m1=m5, m2=-m4, m7=m8=0), Translation-Zoom (with 3 parameters, m1=m5, 
m2=m4=m7=m8=0) and Translation (with 2 parameters, m1=m5=1, m2=m4=m7=m8=0) 
are special cases of perspective model. 
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3   Global Motion Estimation 

The proposed algorithm consists of two stages. The first process calls for a rough es-
timation of GM. When this is obtained second stage takes place in which the initial 
estimation has to be optimized with greater precision. Structure of the proposed algo-
rithm is as follows. 

Stage I 

• Estimating translation between two frames using IPA. 
• Sampling blocks from the current frame as in Fig.1. Calculating motion vectors of 

sampled blocks using block matching (with shifted search centre and small search-
ing range). Excluding 30% of blocks with maximum sum of absolute differences 
(SAD). 

• Estimating eight parameters of GM vector using above motion vectors. 

Stage II 

• Sampling current frame pixels using 1:12×12 model as in Fig.2-d. Applying LMA 
to sampled pixels to optimize initially estimated GM of the first stage. The LMA 
iterations are continued until either of the following conditions is satisfied: reach-
ing 10 iterations or updated term be lower than 0.001 for translational components 
and lower than 0.00001 for other components. 

3.1   Initial Translation Estimation 

In the first stage of GME, translation components must be estimated. In [1]-[5], a 
three-step search is used for this purpose. IPA is employed instead of a three-step 
search in our algorithm, because it is more accurate and robust [14]. 

To estimate translation between two frames, horizontal and vertical projection vec-
tors are calculated as: 
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where Fk denotes luminance of frame k and (M , N) are dimensions of frames. 
vert
kIP and horiz

kIP are integral projection values of Fk in vertical and horizontal direc-

tions respectively. By using the correlation between horizontal and vertical integral 
projection vectors of Fk and Fk-1, a translation value is calculated in vertical and in 
horizontal directions as below: 
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where (dx,dy) is translation of the current frame with respect to previous frame and s 
is maximum search range. The maximum search range is determined based on the 
size and contents of the video. To give some examples, s=8 for QCIF format and 
s=16 for CIF and SIF formats seems reasonable. 
 

   
a   b   c 

Fig. 1. Blocks sampling pattern [14]; a) 1:4; b) 1:9; c) 30:369 

3.2   Block Sampling and Limited Block Matching 

After translation estimation, one of the patterns in Fig.1 is employed for blocks sam-
pling. Size of each block for different formats is considered as: 8×8 for QCIF, 16×16 
for CIF and SIF and 32×32 for 4CIF. Then for each sampled block, a modified full 
search block matching algorithm (BMA) is obtained. In this search, the search centre 
is shifted (dx,dy) units and searching range is as small as (-3, +3). This results in less 
SAD computations and sufficient accuracy for motion vectors of background blocks. 
Since blocks with high SAD are mostly part of the foreground, 30% of them are ex-
cluded. The motion vectors of remaining blocks will be used in the next subsection. 

3.3   Initial Estimation of Perspective Model GM Parameters 

By considering (xi , yi) as central pixel coordinate of the current frame sampled block 
and (xi' , yi' ) as central pixel coordinate of the best matched block, we can have: 

,i x i ix v x′ = +  (8)

,i y i iy v y′ = +  (9)

where  ,x iv  and ,y iv are motion vectors obtained from the previous step. 

To find GM between two frames, we must minimize the Euclidean error: 
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whrere Nb is number of blocks. Since the perspective model is nonlinear, (10) could 
be solved by using LMA which results in significant computational complexity. On 
the other hand, by using algebraic error definition [17], (10) can be modified as: 
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where Di is the denominator of motion model: 
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Therefore, we can simplify (11) as: 
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At this stage, we can minimize (11) by solving 0
j

E
m
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where m is GM vector. The Ai matrix and bi vector are defined as: 
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3.4   Subsampling Pixels and Levenberg-Marquardt Algorithm 

In this stage, the estimated GM from the previous stage is optimized with greater ac-
curacy by employing LMA. In this paper, we suggest subsampling from all pixels of 
current frame with a static pattern as in [4], instead of just selecting feature pixels  
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Fig. 2. Pixels subsampling pattern; a) 1:4×4; b) 1:6×6; c) 1:12×12. 

among the remaining blocks as in [14]. This selection technique poses less computa-
tional complexity than [14] and it is more precise. 

In this paper, the 1:12×12 sampling method is used which means that we select one 
pixel from each 12 12× block.  After pixels subsampling, initial GM is optimized by 
applying LMA to these pixels. To reduce outlier effects, 10% of pixels with the most 
error are discarded after first iteration [4]. 

4   Simulation 

In this section, the proposed method is examined and compared against MPEG-4 VM, 
[14] and [4] with a sampling factor 1:9×9.The following sequences with CIF format 
are considered for simulations: Akiyo (300 frames), Bus (150 frames), Carphone (300 
frames), Coastguard (300 frames), Foreman (400 frames), Flower (150 frames), Mo-
bile (300 frames), Stefan (300 frames), Tempete (260 frames), and Waterfall (260 
frames). The simulations are run on a desktop computer featuring 2.66GHz 
Core2Quad CPU, 4GB RAM and MS Windows Vista operating system in MATLAB 
environment. 

The GME time of different sequences are presented in Table 1. Judging from the 
Table, it is seen that the proposed method’s GME time is less than that in [4] for most 
of the sequences. Furthermore, this is almost the same as the GME time in [14] with 
affine model. 

Table 2 compares speed of the proposed method versus other methods in relation 
to the MPEG-4 VM method with perspective model. As these results illustrate, the 
proposed technique is 53 times faster than VM with perspective model. This is while 
the method in [14] is about 43 times faster than VM with affine model and about 60 
times faster than VM with perspective model. The Proposed method as well as [4] 
both work with perspective model whereas [14] only works with affine model. 

The PSNR of sequences is calculated by: 
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Table 1. GME Time Comparison of 5 Different Methods (Sec.) 

Sequence VM(Pers.) VM(Aff.) [4] [14] Proposed 

Akiyo 433.11 254.25 7.15 7.18 8.45 

Bus 232.66 145.86 5.24 3.38 4.05 

Carphone 152.68 99.86 4.47 3.77 4.10 

Coastguard 436.75 299.95 6.96 6.67 7.75 

Foreman 960.57 640.99 12.61 8.89 10.77 

Flower 518.55 279.10 7.03 5.48 6.74 

Mobile 354.57 222.69 11.12 6.70 8.10 

Stephan 297.07 204.22 8.79 6.57 7.80 

Tempete 225.25 153.99 7.00 5.64 7.01 

Waterfall 345.65 190.19 6.84 6.15 7.27 

Table 2. Speed Comparison of the [4] and MPEG-4 VM Perspective GM 

Sequence VM(Pers.) VM(Aff.) [4] [14] Proposed 

Akiyo 1.00 1.70 60.57 60.32 51.26 

Bus 1.00 1.60 44.40 68.83 57.45 

Carphone 1.00 1.53 34.16 40.50 37.24 

Coastguard 1.00 1.46 62.75 65.48 56.35 

Foreman 1.00 1.50 76.18 108.05 89.19 

Flower 1.00 1.86 73.76 94.63 76.94 

Mobile 1.00 1.59 31.89 52.92 43.77 

Stephan 1.00 1.45 33.80 45.22 38.09 

Tempete 1.00 1.46 32.18 39.94 32.13 

Waterfall 1.00 1.82 50.53 56.20 47.54 

Avg. 1.00 1.60 50.02 63.21 53.00 

Table 3. PSNR Comparison for Different Sequences (dB) 

Sequence VM(Pers.) VM(Aff.) [4] [14] Proposed 

Akiyo 41.010 41.011 41.101 36.301 41.012 

Bus 21.687 21.679 21.623 21.805 21.831 

Carphone 30.811 30.739 30.403 28.855 29.729 

Coastguard 26.376 26.384 26.358 26.242 26.599 

Foreman 25.279 25.256 25.289 23.237 25.085 

Flower 28.312 28.160 27.884 27.227 27.716 

Mobile 25.538 25.495 25.583 25.206 25.581 

Stephan 24.494 24.157 22.753 23.591 23.916 

Tempete 27.786 27.778 27.726 27.434 27.715 

Waterfall 35.675 35.634 35.573 34.918 35.725 
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Table 4. PSNR Degradation in Respect of MPEG-4 VM Perspective GM 

Sequence VM(Pers.) VM(Aff.) [4] [14] Proposed 

Akiyo 0.000 0.001 0.090 -4.709 0.002 

Bus 0.000 -0.008 -0.064 0.118 0.144 

Carphone 0.000 -0.072 -0.408 -1.956 -1.082 

Coastguard 0.000 0.008 -0.018 -0.135 0.222 

Foreman 0.000 -0.152 -0.428 -1.086 -0.597 

Flower 0.000 0.022 0.011 -2.042 -0.193 

Mobile 0.000 -0.043 0.045 -0.332 0.043 

Stephan 0.000 -0.336 -1.740 -0.903 -0.577 

Tempete 0.000 -0.009 -0.060 -0.353 -0.071 

Waterfall 0.000 -0.041 -0.103 -0.758 0.050 

Avg. 0.000 -0.068 -0.268 -1.215 -0.206 

where 
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In Table 3, PSNR of GME for each sequence is presented. Table 4 also displays 
PSNR degradation in respect of VM with perspective motion model. As the results 
demonstrate, the proposed method has on average reduced the PSNR by -0.2 dB while 
[14] method degrades the PSNR by -1.2 dB. 

5   Conclusion 

In this paper a fast two-stage algorithm for global motion estimation (GME) with per-
spective model is introduced. In the first stage, eight parameters of global motion 
(GM) are estimated by using sampled motion vectors of blocks. In the second stage, 
by subsampling of pixels and using Levenberg-Marquardt algorithm (LMA), the es-
timated GM of the first stage is estimated more accurately. 

As the simulation results demonstrate, one key advantage of the proposed solution 
in this paper is that it is almost 53 times faster than the MPEG-4 VM method. Another 
outstanding feature of the innovative technique is its enhanced estimation accuracy 
which is more than FFRGMET’s and [4]’s and almost the same as MPEG-4 VM’s. 
Still, when compared against [14], the algorithm exhibits better precision under the 
same speed. This is while our method works with the perspective model and [14] es-
timates the simpler affine model. 
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