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Abstract 

An analytical description of displacement estimation which allows an objective evaluation and comparison of various 
displacement estimation techniques is presented. For evaluation and comparison rate-distortion functions are calculated 
and by this the impact of the 2 D motion model of the displacement estimator and the amplitude and spatial resolution of 
the estimated sparse displacement vector field can be quantified. The rate-distortion function describes the relationship 
between the encoding bit-rate required for transmission of the measured displacement vector field and the variance of the 
displacement error. The impact of the spatial and amplitude resolution of the sparse displacement vector field is described 
by sampling and quantisation of an exact displacement signal. The 2D motion model is considered by low pass filtering 
the exact displacement signal before sampling and subsequent spatial interpolation. The analytical description is verified 
by simulations of various displacement estimation techniques, the 2D motion models of which can be described by the 
nearest neighbour, affine and bilinear displacement vector interpolation, at different amplitude and spatial resolutions. 
The analytical description allows one to optimise a displacement estimation technique for motion compensated image 
sequence coding, (g 1997 Elsevier Science B.V. 

Keywords: Image coding; Generalized displacement estimation; Displacement coding; Rate distortion theory 

1. Introduction 

For efficient coding of moving images block-
based motion compensated coding is applied in 
todays coding standards. The motion is represented 
by displacement vector fields, which are measured 
with help of displacement estimation techniques. In 
order to improve the efficiency of block-based 
motion compensated coding 
- displacement estimation with variable displace

ment amplitude resolution [5] , 

•Tel: + 49(0)511 762 5308; fax: + 49(0)5117625333-
e-mail: buschman@tnt.uni-hannover.de. 

- displacement estimation with variable spatial 
resolution [2, 10], 

- displacement estimation using 2D transforma
tions [3,11, 13, 15, 16, 19] 

have been proposed in the recent literature and are 
currently investigated in MPEG-4 [6, 7]. 

In displacement estimation with variable ampli
tude resolution, the amplitude resolution of the 
displacement vector is not kept fixed at integer or 
half pel resolution as in todays standards, but can 
vary adaptively among various resolutions, e.g. 0.5, 
0.25 or 0.125 pel. 

In displacement estimation with variable spatial 
resolution the spatial distance of displacement 


