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1. Introduction

This document describes the encoding algorithm used in the MVC codec. For exact information about syntax and coding methods please refer to the MVC decoder documentation.

2. Coding modes

Macroblocks/blocks can be coded in three modes – INTER MOTION, INTER NOMOTION or INTRA (see decoder specification for more information about coding modes). Encoder decides macroblock/block mode by evaluating Lagrangian cost:
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where D(Sk) is square reconstruction error and R(Sk) is the number of bits needed if macroblock/block Sk is coded with 8x8 DCT (4x4 DCT is used for chrominance components of 8x8 blocks). Lagrangian parameter  is calculated as a function of prediction error coding quantization parameter QP:
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Splitting a macroblock into four 8x8 blocks is indicated by a special macroblock mode – SPLITTED. To reduce computational complexity the decision not to split a macroblock is often done already in the motion estimation phase. However, if motion estimation decides to split a macroblock an additional check based on Lagrangian cost is made after motion estimations whether to accept the split or not.

3. Motion compensated prediction

3.1 Introduction

Motion compensated prediction in MVC is based on the orthonormalized affine motion model and motion coefficient prediction from neighboring image segments (16x16 macroblocks or 8x8 blocks). Motion estimation utilizes both block matching and the well know Gauss-Newton minimization algorithm. MVC motion estimation has a hierarchical structure allowing it to take advantage of both inherited motion information (from parent segments) and predicted motion information (from neighboring segments).

Motion estimation is divided into two phases – initial motion estimation and coefficient removal (or 'motion model adaptation'). Initial motion estimation tries to minimize prediction error using block matching and Gauss-Newton. This is followed by coefficient removal whose purpose is to minimize Lagrangian cost of the segment by adaptively setting some of the coefficients to zero and adjusting other coefficients to (partially) compensate the removed ones.

Motion coefficients can be predicted from the ones of the INTER mode neighboring macroblocks/blocks. If prediction is possible two initial motion searches are performed:

1. Full Motion Search which is initialized with inherited motion coefficients, motion coefficients obtained by block matching or zero motion coefficients (the ones with the lowest prediction error is selected) and

2. Refinement Motion Search which is initialized with predicted motion coefficients (In order to keep the complexity low only one candidate is selected and possible others are discarded. Selection is done by evaluating prediction error using the possible candidate motion coefficient sets and choosing the one with the lowest prediction error)

If both motion searches are performed, there are also two coefficient removals taking place. One with respect to zero motion coefficients (for Full Motion Search output) and one with respect to predicted motion parameters (for Refinement Motion Search output). If motion coefficient prediction is not possible, only Full Motion Search takes place and it is followed by a single motion coefficient removal.

Figure 1 below depicts how motion estimation and mode selection is done for a single image segment. Modules shown in the figure are further described in the following sections.
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Figure 1: Motion Estimation and Mode Selection

3.2 Motion Models and Coordinate systems

In Initial Motion Estimation local coordinate system is used together with (nonorthonormalized) affine motion model. That is, motion vectors can be evaluated as:
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                     (Eq. 3)

where basis functions are defined as
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a​0, …, a5 are the 'local' motion coefficients and xl, yl are the 'local' coordinates. Local coordinate system is defined to have values of –1 and 1 on the segment boundaries and its origin is in the middle of the segment. Image coordinates x and y can then be represented in local coordinate system as:
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where (xcent, ycent) is the middle point of the segment considered.

Orthonormalized affine motion model is used in Coefficient Removal and in coding of coefficients. In this case basis functions are given differently for 8x8 and 16x16 segments:
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3.3 Initial Motion Estimation

3.3.1 Zero Motion

Motion estimation starts by checking MSE of the segment if copied from the reference frame. Both luminance and chrominance MSE are included in the Zero Motion decision as follows:
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If both conditions are true, macroblock/block mode is set to INTER NOMOTION and no further actions take place in motion estimation.

3.3.2 Inherited Motion Coefficients (Hierarchical Motion Estimation)

There are three levels in the initial motion estimation hierarchy, namely 32x32, 16x16 and 8x8 estimations. 32x32 estimation takes place first. This is somewhat simplified version of the motion estimation shown in Figure 1. There is no inherited motion coefficients available and no motion coefficient prediction takes place. Also coefficient removal is omitted. That is, only block matching and Gauss-Newton optimization are carried out if Zero Motion check fails. Output of the 32x32 Gauss-Newton minimization is stored and used as inherited motion coefficients for 16x16 motion estimations.

Motion estimations for 16x16 macroblocks and 8x8 blocks follow Figure 1. Gauss-Newton output of 16x16 Full Motion Search is stored and used as inherited motion coefficients to initialize possible 8x8 motion estimations. These motion coefficients are also used to determine whether 16x16 macroblock is splitted into four 8x8 blocks. Splitting takes place if luminance MSE for any of the 8x8 subblocks with motion coefficients obtained in 16x16 Full Motion Search exceeds:
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3.3.3 Block Matching

Block matching is used in MVC to find robust initial motion coefficients for Gauss-Newton minimization. To decrease computational complexity of this operation both reference frame and current frame are subsampled by a factor of two. Search range in current implementation is 14 pixels and for block sizes larger than 8x8 only every second location in both horizontal and vertical direction is checked.

3.3.4 Gauss-Newton iterations

Gauss-Newton iterations are used in both Full Motion Search and Refinement Search (see Figure 1) to minimize prediction error. One Gauss-Newton iteration uses old motion coefficients (aold) to build an approximation of the error function and solves it for a new set of motion coefficients (anew). Iteration step is equal to solving matrix equation
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where  = anew-aold and G is a 6x6 positively semi-definite symmetric matrix having elements:
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ei(j) is the j'th element in


[image: image13.wmf][

]

T

i

i

i

i

i

i

i

i

i

i

i

dy

x

dy

y

dy

dx

x

dx

y

dx

=

e

                       (Eq. 11)

(xi, yi) above are the coordinates of the segment Sk given in local coordinate system. dxi and dyi are corresponding derivatives of the reference frame at the position where the motion vector (x(xi, yi, aold),y(xi, yi, aold)) points. The derivative is calculated by deriving the spline interpolation function. Vector g is of length 6 and generated as
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where di is the difference between the luminance value in current frame at (xi, yi) and the luminance value predicted using aold as motion coefficients (spline interpolation is used for subpixel reconstruction).

Equation 9 is modified by decomposing matrix G into a product of lower triangular matrix LT and its transpose L (using Cholesky Decomposition):
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Now vector  is solved by two backsubstitutions and a new set of motion coefficients is calculated as follows:
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After taking a Gauss-Newton step, prediction error is evaluated. If the difference between MSE after and before the step is smaller than a threshold (0.1) or the maximum number of iterations (5) is reached, the best found motion coefficients are outputted for Coefficient Removal. If not, new Gauss-Newton step is taken starting from the obtained motion coefficients.

3.4 Coefficient Removal

Coefficient Removal builds a new motion representation for a segment (macroblock/block). This representation is based on orthonormalized affine motion model and consists of triangular matrix Rk and vector zk defining a least squares equation
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Equation 15 can be solved by backsubstitution at any time for the motion coefficients (or motion coefficient refinements if Refinement Motion Search output is processed) ck of a segment Sk.

Coefficient removal iteratively removes columns from the Rk matrix and corresponding elements from the zk vector. Removal of one column and one element from these corresponds to removing one basis function from the motion model (or setting one coefficient to zero). Removals are performed until there is no basis functions left in the model (that is, six times). After each removal resulting coefficients are quantized and Lagrangian cost for the segment is evaluated using 8x8 DCT. The set of motion coefficients yielding minimum in cost is outputted.

In order to generate matrix Rk and vector zk an auxiliary 6x6 matrix Hk is built. Hk has following elements:
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where eiorth(j) is the j'th element in
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fp(xi, yi)'s above are orthonormalized affine basis functions at (xi, yi) in segment Sk (equation 6). dxi and dyi are again corresponding derivatives of the reference frame at the locations obtained by evaluating input motion vector field for (xi, yi). Auxiliary vector hk is of length 6 and generated as
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where (xi, yi) is the motion vector according to the input motion coefficients for a pixel at (xi, yi). When applying Coefficient Removal to the output of the Refinement Motion Search, (xi, yi) in the equation above is substituted by the difference between the motion vector and the predicted motion vector at (xi, yi). di is again the difference between original luminance value of the pixel at (xi, yi) and its prediction.

Matrix Rk is obtained finally by decomposing Hk by Cholesky decomposition to a product of lower triangular matrix RkT and its transpose Rk. Vector zk​ is calculated by backsubstitution from equation
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After generating the matrix Rk and vector zk​ the actual coefficient removal takes place. It is carried out by iterating following steps until there is no basis functions/coefficients left in the motion model:

Step 1: Finding the basis function with the smallest impact on prediction quality. Let Rkn denote n x n upper triangular characteristic matrix with n basis functions left and Rkn,i the same matrix with i'th column removed. n matrices are generated each with different column removed from the Rkn matrix:
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All the matrices generated are triangularized by applying a series of multiplications of rows by scalars followed by additions of the rows ('Givens rotations'), i.e., equation above is converted to the form:
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Where (qi)2 is an approximation of the increase in the square prediction error due to removing i'th basis function from the motion model. The column yielding smallest (qi)2 is the one to be removed during this iteration, effectively causing i'th basis function to be removed from the motion model.

Step 2: Removing a basis function from the model. New matrix equation is build by selecting the Rkn,i matrix and zkn,i vector associated with the basis function to be removed and removing the last row of the triangularized matrix and the last element of the vector as follows:
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Step 3: Coefficient calculation. New set of motion coefficients for the reduced set of basis functions is calculated by solving triangular system with backsubstitution:
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After removing all the coefficients and evaluating Lagrangian costs for the generated motion models, the best set of motion coefficients is selected and outputted.

4. Prediction error coding

Prediction error coding takes place if final mode chosen after motion estimation (see Figure 1) is one of the INTER modes.

Prediction error coding method for each 8x8 INTER block is selected according to Lagrangian criterion. All the 8x8 methods and combinations of 4x4 methods are tested and the one(s) yielding minimum in cost is (are) selected. Available coding methods are further described in the MVC decoder documentation.

5. intra coding

Intra coding takes place if final mode chosen after motion estimation (see Figure 1) is INTRA or the frame to be coded is an INTRA frame.

The list of available pixel prediction methods for each 8x8 block is generated by classifying the upper and left neighboring 8x8 blocks. Resulting six prediction methods are tested with three coding methods (or less if there are not that many coding methods assigned for the prediction method). Prediction method with the lowest Lagrangian cost is selected.

After selecting the prediction method remaining coding methods (if any) assigned for it are tested. Coding method yielding minimum Lagrangian cost is selected. Classifier, prediction methods and corresponding coding methods are described in the MVC decoder documentation.
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