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Abstract—Fast and optimal motion estimation method is
proposed for electronic image stabilization. First, an approach
for macro-block judgment is presented. Before motion vectors
calculation, gradient information is analyzed, only useful
reference blocks that are indispensable for accurate motion
estimation are selected, by which the number of macro-blocks
for subsequent calculation is reduced. Second, in the block

matching, an improved SSDA is used to reduce computing cost.

Finally, the affine transformation model and similarity
transformation model of image motion are created and using
least squares method for solving the optimal estimation of
model parameters. Experimental results show the accuracy
and fast computing speed of the proposed method.
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Electronic image stabilization is simpler, flexible, and
has advantages in terms of intelligence, size and power
consumption than conventional optical image stabilization
and mechanical image stabilization; it has been widely used
in various mobile camera systems. The block matching
method, projection method, feature point method and
frequency domain estimation method are used for motion
estimation of image sequence [1-4]. Commonly used block-
matching method is to divide the image into severa
rectangular macro-blocks, solving their motion vectors and
then used to estimate the global motion of the image. In
order to achieve fast and robust motion estimation of image
sequences, the key is to distinguish the useful motion vectors
and incorrect motion vectors, and minimize the amount of
caculation. With a single two-dimensional rigid body
motion model to estimate the motion of image sequences,
significant motion estimation errors will occur when view
depth changes largely[5]. So, the proposed 2.5-dimensional
motion model is better than the two-dimensional affine
model [6], and the method of motion vectors segmentation
was used in [7]. However, in these methods, the removal of
the incorrect macro blocks are al behind the calculation of
motion vectors, a considerable portion of time spent in the
caculation of these inaccurate motion vectors is bound to
have great caculate waste.

In order to reduce the calculate cost and improve the
robustness of motion estimation[8,9], in this paper, affine
transformation model and the similarity transformation
model are used, and combined with the Sequential Similarity
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Detection Algorithm (SSDA) and Least Squares Method, an
improved fast and optimal motion estimation method is
proposed for image motion estimation.

Il.  PROCESSOF ELECTRONIC IMAGE STABILIZATION

The proposed motion estimation for eectronic image
stabilization consists of two stages. The first stage is pre-
selection of local macro-blocks and macro-blocks matching,
and then get dl the motion vectors of these selected partial
macro-blocks; the second stege is to establish the affine
image motion model, and making optimal estimation of
model parameters.

Fig. 1 shows the outline of electronic image stabilization,
where the proposed motion estimation operation consists of
two stages. The first stage is pre-selection of local macro-
blocks and macro-blocks matching, and then get al the
motion vectors of these selected partial macro-blocks; the
second stage is to establish the affine image motion model,
and making optima estimation of model parameters.In
following sections, we will explain this two-stage operation.
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Figure1l. Outline of electronic image stabilization

First, a whole template region is set in the current
sequential image (frame k). The template is a size dlightly
smaller than whole image region, then the template area is
divided into a number of macro-blocks, and we can select the
useful part of their macro-blocks and then calculate their
motion vectors.

A.  Selection of Local Macro-blocks

The best matching position of each macro-block is
calculated within each local searching area, so we can get
motion vector of each macro-block relative to the reference
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image. In order to remove the macro-blocks that may lead to
inaccurate motion, we expanded the macro-block selection
method [9] as follows.

Stepl: Divide the large whole template into smaller local
macro-block C; (i=0,..., n).

Step2: To every macro-block C;, set its surrounding

macro-blocks as R' ~ R ( Correspond to up, down, left,

and right position), calculate the SAD between Rl.l ~ R,~4
and C; asfollow.

M N
D}zZZ‘fk(xi+m,yl.+n)—fk(xl.+m,yi—N+n)‘

m=1 n=1

D} :Zw:ivl‘fk(xi +m,y; +n) = fi (x; +m,y; +N+n)‘

m=1 n=1

M N
Di3 Zzz‘fk(xi +m,y; +n)_fk(xi -M+m,y, +n)‘

m=1n=1

Di4 =ii‘fk('xi +m,y, +n) = fi(x, +M+m,y, +n)‘

m=1 n=1
Where, (x;, ;) is the position coordinates of C;, fi(x,y) is
the gray value of pixel (x,y) in the current frame k, MxN is
the size of macro-block.

Step 3: If min (D}, D?,D?,D}') > T, then select C,,
elseremove C,.

Step 4: If Nyin < 159 < Ninax, then repeat Step2 and Step3
with adjusted 7;, else end. Where, ng is the number of
selected macro-blocks, and Nyin, Nmax @re threshold of ng.

B.  SSDA-based Macro-block Matching

The best matching position of macro-block C; is
calculated within its local searching area in reference image
(frame £-1), so we can get motion vector of each selected
macro-block, i.e. the measured position coordinates (x;, ;) of
C;. Here, we use SAD as similarity measure criterion:

M N

SAD(x,y) = Y Y i (1. 3) = fialx+i,y + J)|

i=1 j=1

(M

If at a certain point (x*,*), the SAD(x*,y*)is minimum,
then this point is the optimal match position, i.e. the
measured position.

In order to reduce computing cost of block matching, we
propose an improved SSDA as follow.

For the macro-block C;, firstly, in the reference image
choose origina matched pixel point (xo, o) without offset,
caculate SAD(xo, yo) as initia threshold T, then continual
make matching at next pixel points. If SAD(x;, y:) exceeds
T.; when during the matching at point (x;, yx), then stop the
matching calculation at once, and set 7= T}, turn to next
point. Otherwise, if SAD(x;, ;) Less than Tj_;, then Update
the threg']old, Set Tk: SAD(xk, yk) i.e

o

SAD(xk ,yk)
Tia

(Ts > SAD(x,, ;)

2
(Tk—l < SAD(xk’yk))

The update of optimal match position (x*,*) is similar,
i.e (x* ,y*) = (xk,yk) when Tj.; > SAD(Xk,yk), otherwise, (X* ,y*)
keep the former valuesif Tj.1 < SAD (x;,1).

IV. GLOBAL MOTION ESTIMATION OF WHOLE IMAGE

A.  The Model of Image Motion

Using affine transformations model which could describe
panning, rotation, small zooming and deformation, the

Y [ ]

My

Where, (X.,Y)) (i=1,2,..., ng) is position of the i-th
selected macro-block G, (X;,Y)) is registered in current frame
k (cdled as Registered Position); (x;,i) is the matching-
obtained position of C; in reference frame (caled as
Measured Position); aji,a12,ax,a2, ae rotation parameters,
including small zooming and deformation; Ax, Ay are the
offset of image panning in X-axis and Y -axis respectively.
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B.  Estimation of Motion Model Parameters

Show as Fig. 2, registered position (X;,Y;) of each macro-
block i transformed to estimated position (X, 7,) using (3).
Minimizing errors between estimated positions and measured
ones leads to optimum parameters by Least Squares Method.

Estimated parameters (@,,dy,,0y, 00, A%, AY) ae
determined to minimize the functions £,

E, = z 7:1((551‘ —X; )2 +( i — Vi )2)

Where, (X,,7,) is the estimated position of i-th macro-

block calculated with estimated model parameters.

Based on affine transformations model (3), the process of
parameters estimation designed as follow.

Stepl: Calculating the Measured Position (x;,y;) (i=1,2,...,
ne) Of each selected macro-block Ci(X;,Y;) by SSDA-based
block matching method.

Step2: Building the known design matrix A: A=[X; Y. 0
010;X,Y,0010; ...;Xngg YNy 0010;00X;Y;01;0
0X5Y,01;...;00Xng Yng 01].

Step3: Building the known vector B: B=[x; x7 ... Xpse 11
Vo o Vosal -

Step4: Building the unknown model parameter matrix
Hagfine: Haffine =[a11 a1 az az Ax Ay

Step5: Corresponds to the affine transformation (3),
create the image motion model: B=AH atfine.

Step6: Calculate linear unbiased estimation of the
parameters matrix Hagrine by Least Squares Method:

“4)

A~

H e = (ATA)"ATB 5)
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Figure2. Model parameters estimation

C. Calculation of Global Image Motion

Dueto the six parameters of H aine Can Not well represent
the rotation and zooming of image motion, so we should
transform the affine model into similarity transformation

model which defined as follow.
[ o)
+
Y

Ml

Where, K is zooming factor, @ is rotation angle, Ax, Ay
are panning offsets in the X-axis and Y-axis respectively,
(xi,v) and (X;,Y;) are pixel coordinates in reference frame and
current frame respectively.

By comparing the affine model (3) and the similarity
transformation model (6), we have a;;=Kcosf, a;,=-Ksing,
ax= Ksind, axp=Kcosf. So, calculate the rotation angle as
follow:
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Calculate the zooming factor as follow:
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The panning offsets of X-axis and Y-axis are same
asAx , Ay . Estimated global motion parameters, i.e. 49 K
Ax and Ay, could be filtered for motion smoothing.

V. EXPERIMENTS

Fig. 3- Fig. 10 show the experiment results, and the
PSNR between Fig. 3 and Fig. 4 is 81929, the PSNR
between Fig. 3 and Fig. 7 is 12.0384; the PSNR between Fig.
3and Fig. 5is7.2867, the PSNR between Fig. 3and Fig. 8is
12.1781, the proposed methods have a good real time and
accuracy for global motion estimation.

Figure5.
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Figure9. Differenceimage of Fig. 3and Fig. 7
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Figure 10. Difference image of Fig. 4 and Fig. 8
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