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We present a new method for the estimation of non-planar rotations, i.e. rotations around axis parallel to the
image plane, in the context of video compression applications. This method is based on a non planar rotation
model which assumes that the moving objects have a planar surface. The proposed block-based motion
estimation approach is performed between consecutive or non-consecutive images, which may contained
large displacements, and aims at minimizing the motion compensation error. The efficiency of the method
has been compared to the results obtained with the classical full search block matching approach.
Experimental results have been done on real video sequences. These results show a significant gain in term
of PSNR for the motion compensated P or B frames, compared to the classical full search block matching
approach, while the coding cost of the additional motion information is very low, which demonstrates the
interest of the proposed rotation model in the context of motion compensation for video compression
applications.
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Motion estimation (ME) has proven to be effective to exploit the temporal redundancy of video sequences
and is therefore a central part of the ISO/IEC MPEG-1, MPEG-2, MPEG-4 and the CCIIT H.261 / ITU-T
H.263, H.26L  [1] video compression encoder algorithms. These video compression standards are based on a
block based hybrid coding concept, which was (among other improvements) extended to support arbitrarily
shaped video object within MPEG-4 [2] [3] [4].

Motion estimation algorithm have attracted some attention within research and industry because of these
reasons:

•  First, it is the computational most demanding algorithm of a video encoder (about 60-80% of the total
commutation time) which limits the performance of the encoder in terms of encoding speed.

•  Second, the motion estimation algorithm has a high impact on the visual quality of an encoder for a
given bit-rate.

•  Finally, the method to extract motion vectors from the video material is not standardized, thus being
open to competition.



It is important to indicate that the motion estimation algorithms in these compression standards allow only
the use of a translational motion model. As a consequence, the block-based motion estimation can
theoretically compensate only 2-D translational displacements. In practice, it may be possible to compensate
more complex motions, such as zoom or rotations, only if the amplitude of the motion is low or if the texture
is homogeneous in the considered block. Many papers have proposed and developed efficient algorithms for
an efficient estimation of these translational parameters. Nevertheless, if the images contain large non-
translational motion in textured areas, the motion compensation process may not be efficient.
In order to obtain an efficient motion compensation in areas containing non-translational displacements,
different solutions have been investigated. A first approach involves in reducing the size of the blocks. This
case is exemplified in the under development H26L [2] compression scheme where the block size may be
reduced down to 4x4 pixels. A second approach  involves the use of more complex motion models.
Classically, the use of an affine model allows an efficient compensation  of motion such as zoom or 2D
rotations. Nevertheless, Non Planar Rotation (NPR) [5], i.e. rotations around an axis parallel to the image
plane are not taken into account by such a model. Alternatively, other methods such as the control grid
interpolation [6] or geometric transformation motion estimation [7] have also been developed. They are
based on a warping process which allows the distortion of each block  in order to warp it onto the reference
picture. If any kind of distortion of the blocks may be allowed, this model does not provide explicit NPR
modeling .

In this paper, we propose a model of NPR which allows a better motion compensation efficiency when this
kind of motion occurs. This model contains four motion parameters: two translational ones, one angle which
defines the rotation axis, and the rotation angle.
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The 2D apparent displacement of video objects in an original video sequence is generated by the relative 3D
object/camera displacement  [5]. The two following main categories of motion can be distinguished
according to a variation of orientation criterion.

���������	
����Planar  motions represent the relative camera/object displacements which do not modify the
relative orientation object/camera. They corresponds to a combination of translation (low amplitude
compared to the distance camera/object), divergence or rotation around an axis parallel to the image plane.
Under reasonable assumptions such kinds of motion can be represented using affine or homographic motion
models.
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��� Non-planar motions correspond to rotations around axis parallel to the image plane, to
large amplitude  (compared to the object-camera distance) translation, and eventually combined with a planar
motion. With  the exception  of particular configurations (when the object can be regarded as plane or when
the optical  center of the camera is fixed relatively to the scene), this type of motions cannot be represented
using a simple model such as the affine or homographic ones, often use in classical motion estimation
algorithms.

In the context of block-based coding applications, the geometric model of the scene can be considered as a
patchwork of rigid planar surfaces, one for each block, which can closely approximate 3D rigid bodies.
Under this assumption, the 3D motion can be described by a rigid 3D motion model. This hypothesis is
justified by the fact that the blocks are usually relatively small. Consequently, a representation of the 2D



motion in the image plane can easily be derived by the projection of the 3D motion.  Mathematically, for
each point P of an object, its position at time t‘ can be expressed as:
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 is the translational displacement, and � denotes the rotation matrix which is defined as:
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where 
���

��� ,,  are the rotation matrix around X, Y, and Z axis, respectively, and α, β and γ the

corresponding rotation angles. 
�

�  represents the 2D rotations, while 
�

� and 
�

�  are the non-planar rotations.
In practice and for video compression purposes, it may be sufficient to consider only one rotation. If only the
2D rotation

�
�  is considered, the model leads to the rotation parameter defines by the affine model. If we

consider only one of the two non-planar rotations, and assuming that inside a block, the object is plane and a
perspective projection for the camera from the point of view of the projection plane:
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where �  denotes the focal length, and ����) the coordinates of point �������� in the image plane, the
projection of Eq. (1) in the image plane leads to:
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where the coordinates ),( 11 ��  and ),( 22 �� represents the position of each pixel at time t and t+1
respectively, ),(

��
��  denotes the gravity center of a block and as demonstrated in [8], the camera focal � can

be expressed as:
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where the horizontal field of view is approximately equal to 50°. It should be pointed out that the use of the
gravity center as a reference point means that this gravity center is considered to be located on the rotation
axis. If it is not the case, a translation term needs to be added.

This representation can easily be generalized to any axis Φ  parallel to the image plane as follows:
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where )(2 φ�  and )(2 φ�  denotes the coordinates of pixel  ( 2� , 2� ) in the coordinate system ),( ⊥ΦΦ , and

φ  is the angle between the X and Φ axis. As a consequence, the displacement can be computed if the two
translational terms, the axis Φ  and the rotation angle α  are estimated.
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In order to validate the non planar rotation model proposed in the previous section, a comparison of this
model with the classical translational one has been done. The translational parameters can be estimated using
a full search block matching algorithm in order to obtain the best possible result, in term of minimization of
the Mean Square Reconstruction Error (MSRE). For the non-planar motion estimation model, four
parameters have to be estimated. It is therefore not reasonable, from a computational complexity point of
view, to perform a full search on these four parameters. A sub-optimal approach has therefore to be defined.
Furthermore, an efficient estimation of the rotation parameters φ  and α can be obtained only if the
translational parameters have been previously obtained. This is due to the fact that the rotation is arbitrary
considered to rotate around the block gravity center.  As a consequence, the estimation method proposed
here is performed in the three following steps:

��������Rough estimation of the translational parameters using a full search block matching algorithm. This
first estimation is performed on a sub-sampled image (by a factor of 2 in each direction) in order to get a
rough and fast estimation of the translational parameters. The goal is to get a rough match between the block
which should be predicted and the reference image in order to allow a correct estimation of the rotation
parameters.

��������Rough estimation of the two rotational parameters using a full search method. The angles precision is
fixed  to an angle step of 5° in order to achieve a fast estimation.

�������Refinement stage.�Once a first estimation for the four parameters have been obtained with the two
first stages, a refinement stage is used to get a more precise estimation. A full search is therefore performed
on the four parameters with a maximum value of 4 for the translational parameters, and 5° for the rotation
angles. The final precision is fixed to a half-pixel for the translation parameters, and 1° for the angles.

Furthermore, this motion estimation phase is embedded in a GOP-based compression algorithm at it is
usually done in MPEG and H.26X video compression standards. This means that the motion estimation is
performed only between two successive % or � frames, while the intermediate frames, the & ones, are
predicted using previous %�or � frames (see Figure 1). This prediction is done here using a bi-directional
motion compensation technique based on the NPR model. The encoder then computes the two predictions
obtained with the previous and next %�or � frame respectively. Decision on whether the forward or backward
prediction is retained is based on the minimization of the motion compensated error. As can be seen in Fig 3.
the quality (in term of PSNR) of the bi-directionally motion compensated image B with the NPR model, is
always superior to the quality obtained with the BM model.



Figure 1: Forward and backward prediction
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Experimental test were performed in order to assess the performance of the presented method in sequences
containing non planar rotations. Figure 2 shows some original frames from the tested sequences: “'�
”,
“(���)�	” and “$��” sequences (CIF format). In the '�
 sequence the head has a non-planar rotation of
around 180 degrees during the sequence. In the (���)�	 sequence, the camera has a panoramic
displacement, which generates a non-planar rotation of the scene relatively to the camera. The $�� sequence
shows a rigid non-planar rotation for the car composed with a moving camera (translational + zoom).
Experiments were carried out using 16x16 blocks and 8x8 blocks. The maximal search range was set to

16± pixels for the translational motion parameters and 40±  degrees for the rotation angles. Figure 3 shows
the gain in term of PSNR obtained for the B frames. Figure 4.a shows the blocks for which a gain of at least
1db is obtained with the NPR model and with the bi-directional MC compared to the use of the translational
model. The quality improvement is shown on the images displayed in Figure 4.b. In a general way, a gain of
around 1dB is obtained on rotating and textured blocks for which the translation model are not efficient. At
the opposite, the gain is obviously very low for blocks in which the quality prediction is very high.
As a consequence, it is not interesting to test the NPR model for blocks well predicted with the translational
model. In practice, the NPR model is therefore tested only in the blocks for which the PSNR obtained with
the translational model is lower than 40 dB. This represents typically between 30% and 50% of the blocks,
which allows a significant reduction of the computational complexity.

Furthermore, for each block, the NPR is validated only if the gain, in term of PSNR reduction, is lower than
a predefined threshold. In term of coding cost, the overhead generated by the model is therefore reduced.
Two rotational parameters have to be coded for each NPR block, and a flag must indicates to the decoder
which model has been used. For 16x16 blocks, if this information is entropy coded, it represents less than
0.01 bit/pixels.
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This paper proposes a four parameters model of non-planar rotation and its use in the context of motion
compensation for video compression applications. It has been shown that a significant gain can be obtained,
in term of PSNR for P and B frames, compared to the use of a translation model in sequences containing non
planar moving objects, or having a rotating camera. One of the main perspective of this work is the use of a
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block-based adaptive motion model representation, including translation, non-planar rotation and affine
models, to improve the motion compensation process.

Figure 2. Original frames from sequences. Left to right: Tai(a), Foreman(b) and Car (c).



Figure 3. PSNR improvement of bi-directional MC with NPR model versus BM model. A gain of 0.5 to 1.3
dB is obtained with the NPR model compared to the translational one.

Seq. Tai blocs 8x8

40.5

41

41.5

42

42.5

43

43.5

PSNR

Image B:  
(F+B)pred.:
BM+MNP

Image B:  
(F+B)pred.: 
BM

Seq. Tai blocs 16x16

38.5

39

39.5

40

40.5

41

41.5

42

42.5

PSNR

Image B:  
(F+B)pred.:
BM+MNP

Image B:  
(F+B)pred.: 
BM

Seq. Foreman blocs 8x8

36.5

37

37.5

38

38.5

39

39.5

40

PSNR

Image B:  
(F+B)pred.:
BM+MNP

Image B:  
(F+B)pred.: 
BM

Seq. Foreman blocs 16x16

34
34.5

35
35.5

36
36.5

37
37.5

38
38.5

39

PSNR

Image B:  
(F+B)pred.:
BM+MNP

Image B:  
(F+B)pred.: 
BM

Seq. Voit ����� ���

33.5
34

34.5
35

35.5
36

36.5
37

37.5
38

38.5

PSNR
Image B:(
F+B)Pred.: BM+NP

Image
B:(F+B)Pred: BM

Image B:
NPR

model

Image B:
BM model

Image B:
NPR

model

Image B:
BM model

Image B:
NPR

model

Image B:
BM model

Image B:
BM model

Image B:
NPR

model

Image B:
NPR model

Image B:
BM model

3’       5’          7’           9’
Predicts Images

3’        5’          7’           9’
Predicts Images

2’          4’           6’        8’
Predicts Images Predicts Images

  2’          4’           6’      8’

20’   22’    2 4’   2 6’   28’   30’
Predicts Images



                      (a)                                                                                           (b)
Figure 4.(a) The blocks for which a gain of at least 1db is obtained with the NPR model . (b) The quality
improvement is shown in (b).
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