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points, divided by the reduction in the clock frequency f[err] at that 



pyramid level. For instance, the delay provided by delay means     202b-2
is 132.23/4 scan-line periods. 



The problem with both the FIGURE 2a and FIGURE 2b 5  embodiments of the
present invention is they require a large 



amount of hardware to implement. In particular, each of the     FIGURE 2a
and FIGURE 2b embodiments requires five separate 



motion-vector stages, each of which includes its own rather     complex and
costly motion analysis means in order to achieve a 



10  relatively small minimum  realizable total system processing delay
for only five pyramid levels. Reference is now made to the FIGURE 



4 embodiment of the present invention which requires only two      separate
motion-vector stages, regardless of how many pyramid 



levels are involved. 15             For illustrative purposes, the FIGURE 4
embodiment 



employs a Laplacian image pyramid, but could, if desired, employ      a
Gaussian image pyramid instead. Specifically, image data means 



400, delay means 402, image data means 404, Laplacian image      pyramid
stage 406-1, delay means 402-1, motion-vector stage 



20  416-1 and V[err] means 418 of FIGURE 4 are identical in structure
and function to image data means 200, delay means 202a, image 



data means 204, Laplacian image pyramid stage 206a-1, delay      means
402a-1, motion-vector stage 216-1 and Vx,y means 218 of 



FIGURE 2a. However, in FIGURE 4, the G[err] output of Laplacian 25  image
pyramid stage 406-1 is applied as a first input to 



functionally 3-port frame buffer 432. The output from frame      buffer 432
is applied as an input to Laplacian image pyramid 



stage 406-n (comprising structure shown in FIGURE 2c), with the
Laplacian output therefrom being applied as an input to frame 



30  buffer 434 and the Gaussian output therefrom being fed back as a
second input to frame buffer 432. The output from frame buffer 



434 is applied as an input to feedback motion-vector stage 416-n,
which may be implemented as shown in FIGURE 4a discussed 



below. Motion-vector stage 416-n derives as an output Vx and Vy 35  motion
vectors at the G[err] pixel-density level; which are applied as 



a warp-control input to motion-vector stage 416-1.
Structurally, frame buffer 432 may comprise a single 



3-port frame memory having two independent input ports and a  







[err]  







-10- 



points, divided by the reduction in the clock frequency f[err] at that 



pyramid level. For instance, the delay provided by delay means     202b-2
is 132.23/4 scan-line periods. 



The problem with both the FIGURE 2a and FIGURE 2b 5  embodiments of the
present invention is they require a large 



amount of hardware to implement. In particular, each of the     FIGURE 2a
and FIGURE 2b embodiments requires five separate 



motion-vector stages, each of which includes its own rather     complex and
costly motion analysis means in order to achieve a 



10  relatively small minimum  realizable total system processing delay
for only five pyramid levels. Reference is now made to the FIGURE 



4 embodiment of the present invention which requires only two      separate
motion-vector stages, regardless of how many pyramid 



levels are involved. 15             For illustrative purposes, the FIGURE 4
embodiment 



employs a Laplacian image pyramid, but could, if desired, employ      a
Gaussian image pyramid instead. Specifically, image data means 



400, delay means 402, image data means 404, Laplacian image      pyramid
stage 406-1, delay means 402-1, motion-vector stage 



20  416-1 and V[err] means 418 of FIGURE 4 are identical in structure
and function to image data means 200, delay means 202a, image 



data means 204, Laplacian image pyramid stage 206a-1, delay      means
402a-1, motion-vector stage 216-1 and Vx,y means 218 of 



FIGURE 2a. However, in FIGURE 4, the G[err] output of Laplacian 25  image
pyramid stage 406-1 is applied as a first input to 



functionally 3-port frame buffer 432. The output from frame      buffer 432
is applied as an input to Laplacian image pyramid 



stage 406-n (comprising structure shown in FIGURE 2c), with the
Laplacian output therefrom being applied as an input to frame 



30  buffer 434 and the Gaussian output therefrom being fed back as a
second input to frame buffer 432. The output from frame buffer 



434 is applied as an input to feedback motion-vector stage 416-n,
which may be implemented as shown in FIGURE 4a discussed 



below. Motion-vector stage 416-n derives as an output Vx and Vy 35  motion
vectors at the G[err] pixel-density level; which are applied as 



a warp-control input to motion-vector stage 416-1.
Structurally, frame buffer 432 may comprise a single 



3-port frame memory having two independent input ports and a  







[err]  








































