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Abstract. Motion estimation deals with the estimation of 
motion parameters from a video. Conditional motion 
estimation is a technique that estimates motion for certain 
blocks selected based on a decision criterion that affects 
coding rate, complexity of coding scheme and quality of 
the reconstructed video. In this paper, we propose a 
conditional motion estimation scheme and present its rate-
distortion analysis.  
  
 1. Introduction  
Video coding can be performed using either the 
frame difference (FD) method or the displaced frame 
difference (DFD) method. In this paper, we propose a 
conditional motion estimation scheme that estimates 
motion only for certain blocks selected based on a 
criterion that determines whether motion vectors 
need to be computed or not [1]. If the parameters 
involved in the criterion are chosen appropriately, 
then conditional motion estimation offers 
significantly better rate-distortion trade-offs 
compared to classical motion estimation methods. 
This paper also presents the rate-distortion analysis 
for the proposed scheme.  
  
2.Conditional motion estimation using Bayesian 

decision criterion  
  
Classical motion estimation methods first divide the 
frame into blocks of equal size, and compute motion 
vectors for those blocks that moved. A motion vector 
in DFD method represents the displacements of a 
block in x and y directions. In conditional motion 
estimation, first the blocks are classified in to active 
or inactive. Two thresholds, one at pixel level T

g
 and 

one at block level T
p
 are used for this classification 

[2]. If a pixel value in this difference image is greater 
than the threshold T

g
, then that pixel is classified as 

an active pixel, otherwise, it is classified as an 
inactive pixel [3].  The number of active pixels in 
every block is counted, and if this count is greater 
than T

p
, it is classified as an active block; else, it is  

 

classified as an inactive block. The performance of 
the conditional motion estimation scheme depends on 
the thresholds T

g
 and T

p
. The pixel level threshold T

g
 

can be adaptively selected using Bayesian decision 
criterion [4]. Let I

1
(x) and I

2
(x) represent the pixel  

intensities at location x in two successive images. Let 
D(x) represent the pixel intensity at location x in the 
difference image. Then, D(x) can be written as D(x) = 
|I
2
(x) − I

1
(x)|. Let X be a random variable that 

represents instances of D(x). If the conditional 
probability density functions p(X|H

0
) and p(X|H

1
) 

under null (H
0
) and alternate (H

1
) hypotheses are 

known, then the following hypothesis test can be 
performed [5] [6].  
p(X|H0) > τ  choose H

0
, else H

1
,                          (1)  

where τ is a Bayesian threshold. Assuming that both 
the conditional probability density functions follow 
Gaussian distribution, the Bayesian threshold τ can 
be adaptively calculated for all the pixels. T

g
 for a 

pixel can then be evaluated as [4],    
  

T
g
 = (µ

0
 + µ

1
)/2  +  σ

0

2
log(τ)/(µ

0
 + µ

1
),                (2)  

where µ
0 
and µ

1
 be the means; σ

0

2 
and σ

1

2
 be the 

variances, corresponding to p(X|H
0
) and p(X|H

1
).  

 3. Rate Distortion Analysis  
The bit rate required and the resulting distortion for 
the  
proposed motion estimation method depends on the 
two  
thresholds T

g
 and T

p
. Since T

g
 is adaptively 

calculated for all pixels in a frame, the selection of T
p
 

significantly impacts the performance of the 
proposed method. For example, if T

p
 is increased, 

then the number of active blocks decreases, resulting 
in low bit rate and high distortion. On the other hand, 
if T

p
 is decreased, then the number of active blocks 

increases, resulting in high bit rate and low distortion. 
The effect of T

p
 is demonstrated in figure 1. The 
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selection of T
p
 and T

g
 also determine the trade-offs 

between bit-rate and distortion [2].   
The DFD based motion estimation method is known 
to  

  

 
  

Fig. 1. The figure illustrates the number of active blocks at 
T
p
 = 8. For a higher value of T

p
, the number of blocks on 

the image are lesser.  
  

achieve minimum bit-rate in video encoding. The 
pixels in the difference image obtained after motion       
compensation   can   be   modeled   as  independent 
and identically distributed (i.i.d) random variables. 
Assuming that they follow Gaussian distribution, the 
bit-rate (R) and distortion (D) are related by [7],   
  

D(R) = σ
2
2
-2R
                                                   (3)  

where σ
2
 is the variance of the Gaussian random 

variable.  
 4. Experiments and observations  
 A table tennis video that is 19 frames long, is chosen 
for experimentation. For a frame, the bit-rate is 
calculated as the sum of number of bits needed to 
encode motion vectors and the number of bits needed 
to encode quantized frame difference. Distortion is 
calculated as the mean square error between the 
original and reconstructed frames. Motion is 
estimated for all frames and the average bit-rate and 
the average distortion per symbol are computed.  
Practical RD curve is plotted by varying T

p
 from 8-32 

in steps of 3.  Theoretically, distortion is the result of 
quantization performed on inactive blocks. Therefore, 
the variance of the pixels in inactive blocks is 
computed and the theoretical RD curve is plotted 
using equation (3) as shown in figure 2.   
 In figure2, we notice that the practical distortion is 
not the same as the theoretical estimation. In block-
based motion estimation (DFD), the motion of all the 
pixels in a block is assumed to be the same which is 
not true in reality. This assumption results in some 
distortion which reflects in the difference between the 

theoretical and practical RD curves. Therefore, the 
net distortion is  the sum of the distortion due to 
active blocks as well as the distortion due to 
quantization.  

 
  Fig. 2. This figure illustrates the theoretical and practical 
RD curves with average bit-rate in bits/ symbol and 
average distortion in mse/symbol. The average distortion in 
practical RD curve is higher than that of the theoretical RD 
curve which is because of the additional distortion caused 
due to active blocks inspite of motion estimation being 
performed.  
 5. Conclusions  
It can be concluded from the rate-distortion analysis 
for conditional motion estimation that adaptive 
thresholding offers better rate-distortion trade offs 
and hence it is possible to achieve lower rates 
required in applications such as visual sensor 
networks.  

 References  
 [1] R. Yarlagadda, “Rate distortion analysis for adaptive threshold 
based conditional motion estimation schemes,” MS Thesis Wichita 

State University, May 2005.  
[2] G. B. Rath and A. Makur, “Subblock matching-based 
conditional motion estimation with automatic threshold selection 
for video compression,” IEEE Transactions on Circuits and 
Systems for Video Tech, vol. 13, no. 9, pp. 914–924, Sep 2003.  
[3] G.B.Rath and A. Makur, “Iterative least squares and 
compression based estimations for a 4−parameter linear global 
motion model and global motion compensation,” IEEE 
Transactions on Circuits and Systems for Video Tech, vol. 9, pp. 
1075–1099, Oct 1999.  
[4] S. Payyavula, “Automatic threshold selection using bayesain 
decision model for block-based conditional motion estimation,” 
MS Thesis Wichita State University, May 2004.  
[5] T. Aach and A. Kaup, “Bayesian algorithms for change 
detection in image sequences using Markov random fields,” 
Proceedings Elsevier: Signal Processing: Image Communication, 
vol. 7, no. 2, pp. 147–160, 1995.  
[6] R. J.Radke, S. Andra, O. Al-Kofahi, and B. Roysam, “Image 
change detection algorithms: A systematic survey,” IEEE Trans. 
Image Process., vol. 14, no. 3, pp. 294–307, March 2005.  
[7] Y. Wang, J. Ostermann, and Y.-Q. Zhang, “Video processing 
and communications,” Prentice Hall, Signal processing series, 
Alan V. Oppenheim,Series Editor, 2002.




