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Design of Systolic Array for High Speed Processing of Block
Matching Motion Estimation Algorithm
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Abstract

Block Matching Motion Estimation(BMME) Algorithm is demands a very large amount of computing
power and have been proposed many fast algorithms. These algorithms are many problem that larger size
of VLSI scale due to non-localized search block data and problem of non-reuse of input data for each
processing step.

In this paper, we designed systolic array of high processing capacity, constraints input output pin size
and reuse of input data for small VLSI size. The proposed systolic array is optimized memory access time
because of iterative reuse of input data on search block and become independent of problem size due to
increase of algorithm's parallelism and total processing elements connection is localized spatial and
temporal.

The designed systolic array is reduced O(N6) time complexity to O(N3) on moving vector and has
O(N) input/output pin size.
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do h=0 to N,-1

MV(hv) = (0,0) ldo v=0 to N,-1

{(hyv) = o0 do h=0 to N,-1

dom=-ptop MV(h, v) = (00)

don=-ptop

MAD(mn) = 0
doj=0toN-1
do i=0 to N-1
sl MAD(m,n) = MAD(m,n)
+x(, 1) — y(i+ m, j+ n)l
enddo i
enddo j
if D pin(hv) > MAD(mn)
D i (hv) = MAD(mn)
MV(h,v) = (mn)
end if
enddo n
enddo m
enddo h
enddo v
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Fig 1. The block matching algorithm for motion
estimation
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Dmin(h, v) = 00
dom=-ptop
don=-ptop

MAD(m, n) = 0
doj=0toN-1
do i=0 to N-1
sl: s(m,n,i+1,)=s(m,n,ij)
+ |x(i, ) = y(i+m, j+ n)
ended 1
s2 - MAD(m, n) = MAD(m, n)
+1x(7, ) — ¥(i+ m, j+ n)l
ended j
if Dpin(h, v) > MAD(m, n)
D in(h, v) = MAD(m, n)
MV(h,v) = (mn)
end if
enddo n
enddo m
enddo h
enddo v
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Fig 2. The singe assign code of block matching
algorithm
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Fig 3. The 2-D systolic array
( where N=3, p=2 )
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The data dependence
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Fig 5. The expanded 2-D systolic
array
( where N=3, p=2 )
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