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Figure 19: Block diagram of Quasi-Newton minimization of the error function 

After each minimization, error function value (evaluated in non-smoothed image domain) 

is compared to the lowest value obtained so far. If the value has decreased the motion 

parameters are stored and the next minimization begins at this point in the parameter 

space. Otherwise the motion parameters of the last minimization are discarded and the 

next minimization is initialized by the parameters yielding the smallest value of the error 

function. In the first three minimizations bilinear interpolation of the subpixel values is 

applied to speed up the minimization. Cubic interpolation is then used only in the last 

minimization to guarantee maximum performance. 

After the termination of the Quasi-Newton minimizations error function value MSEQN is 

compared to the one after the minimizations of the Taylor expanded error functions 

MSETaylor and the motion parameters yielding smaller value are chosen for the motion 

parameters for this block. 

4.3 Merging 

Splitting and motion estimation results in a large number of blocks (usually) with good 

predictions. However many of these blocks could have been predicted with the same set 

of motion parameters without affecting the quality of the prediction too much_ To remove 

this redundancy, blocks with similar motion characteristics are merged together to form 
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larger segments. Following subsections describe how to decide which blocks are to be 

merged and how to obtain motion parameters for the merged segment knowing the 

parameters for the original ones. 

4.3.1 Finding the final segmentation 

To find the optimal segmentation, Lagrangian cost 

L=D+AA 
p (50) 

of the image is to be minimized [Kar96]. In (50), the square error between the original and 

the decoded frame is denoted by D, the number of bits needed to code the frame is 

denoted by R and the number of pixels in the frame is denoted by P. A. is the Lagrangian 

multiplier specifying the cost of one bit with respect to the distortion measure. In order to 

find the minimum in L, all the possible combinations of segments should be checked. To 

avoid the computational complexity an approximative method is presented in this section. 

Let M...kl be the reduction in Lagrangian cost when two segments sk and sl are merged to 

form Sid. M...ld can be calculated by 

(51) 

The segment Sk can be coded in three different modes (i.e. m INTER, INTRA or 

UNCHANGED mode). The cost of the segment is assumed to be the minimum of the 

costs of these three modes, since it minimizes (50). Thus the Lagrangian costs for all the 

modes have to be evaluated 

In calculation of the INTER mode cost the number of bits for the motion information is 

needed. However this information will be available only after the merging and motion 

model adaptation. To overcome the problem a constant number of bits per motion 

parameter is assumed. By simulations a value of three bits per parameter is found to be a 

good approximation. Prediction error of the segment is coded with 8x8 DCTs similarly as 

in ITU's H.263 recommendation [ITU95]. Bits for the prediction error coding are added 

to the bits for motion information to yield R(Sk). D(Sk) is the squared error between the 

coded segment and the corresponding segment in the current image. These values are then 

placed to the equation (46) and LINlER(Sk) is evaluated. 

Calculations of the Lagrangian costs for INTRA and UNCHANGED mode are simpler. 

INTRA mode cost LINTRA(Sk) is obtained by coding the segment with the codec's intra 

coding method (in this implementation that is the one specified in H.263 

recommendation) and the cost for the UNCHANGED mode LuNCHANGEo(SJ is equal to 
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the· mean squared difference between the reference and the current image in the segment 

area. Lagrangian cost for the segment Sk is then 

(52) 

INTRA and UNCHANGED mode costs for combined segment Skl are calculated simply 

by adding costs for the same mode of the segments Sk and S1• To obtain Lagrangian cost 

for the INTER mode, joint motion parameters must be found, motion estimated prediction 

must be build and the prediction error must be coded. 

Merging procedure is initialized by building an adjacency graph of the segments. Each 

node in the graph is associated with the Lagrangian cost of the segment and each arc with 

the reduction in cost when adjacent segments are merged. Figure 20 shows an example of 

such a graph before and after segments Sk and S1 have been merged together. 

Adjacency graphs Segmentations 

S; 

I 
Figure 20: Adjacency graphs and segmentations before (up) and after (down) merging Sk and S1 

After building the adjacency graph and calculation of the initial L(Sk)s and M.kls, arc with 

the largest reduction in Lagrangian cost is chosen and the segments associated with it are 

merged. Adjacency graph is updated and the algorithm proceeds by choosing again the arc 

which yields the largest reduction in cost. This is iterated until there exists no longer a 

pair of segments which yields reduction in cost when merged. Algorithm is summarized 

in figure 21 and in the figure 22 there is shown resulting segmentation for the first frames 

of both Akiyo and earphone test sequences. 
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Figure 21: Block diagram ofthe merging 
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Figure 22: Resulting segmentations after merging for the first frames of Akiyo and Carp hone 
sequences 

The main complexity of the algorithm presented here comes from finding the motion 

parameters for segment pairs which are candidates for merging and from the calculation 

of the lNTER mode Lagrangian costs for these segment pairs. In the next section a low 

complexity method for finding the joint motion parameters for two segments is shown. To 

decrease the burden caused by the calculation of INTER mode costs, following 

assumptions were made. First it is assumed that if adjacent segments Sk and S1 are both in 

INTRA or in UNCHANCED mode (i.e. min{LINTER(S), LINTRA(S), LuNCHANGEn(S)} is 

either L!NTRA(S) or LuNCHANGEo(S)) the resulting segment Ski will be in the same mode and 
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thus there is no need to calculate LINrnR(S~ci). It is also assumed that the lower the increase 

in prediction error due to merging the higher the reduction in Lagrangian cost will be. An 

estimate for the increase in prediction error is obtained from the calculation of the joint 

motion parameters as will be seen in the following section. This information is used to 

choose whether or not the Lagrangian cost for a segment pair Ski is to be calculated. 

Assume that S~ci is a segment which was formed by merging two segments S~c and S1. To 

update the adjacency graph, joint motion parameters for Ski and all its neighbours have to 

be calculated. Also the approximated increases in prediction error have to be obtained for 

all the segment pairs. Letting .6.Gmin be the smallest increase in prediction error, the 

INTER costs are calculated only for those segment pairs for which .ilG < T-AGmin· 

Otherwise the INTER mode Lagrangian cost is set to infinity. In the implementation a 

value of 3.0 is used for the multiplier T. With this value, on average less than a half of the 

segment pairs need to be examined and the best candidate for merging is found in over 

95% of the cases [Kar96]. 

4.3.2 Finding the joint set of motion parameters for two segments 

Given two segments Sk and Sh the problem is to find a set of motion parameters 

minimizing the error function for the merged segment Ski = Sk u St. The approach is very 

similar to the one in Taylor expanded minimization of the error function. Again Taylor 

expansion of the reference image Iref is employed. The expansion is done around the 

points 

{

x' = x+dx(ak,x,y), y' = y+d/ak,x,y), (x,y)ESk 

x'=x+dx(a1,x,y), y'=y+dy(a,,x,y), (x,y)ES1 

in image coordinate space. Using (35) and (36), the problem can be written as 

(53) 

(54) 

where ak1 is a set of joint motion parameters and the matrices Ek and E1 and vectors Yk and 

y1 are given by (38) and (39), respectively. Substituting both Ek and Et by their QR 

decompositions (54) becomes 

(55) 

Multiplying both sides of the equations above by the transposes (inverses) of the 

orthogonal Q matrices yields 
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