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Abstract

A novel high speed VLSI architecture and its VLSI realization methodologies for a motion estimation
processor based on full search block matching algorithm are presented. The presented architecture is
designed in order to be suitable for highly parallel and pipelined processing with identical PE’s and
adjustable in performance and hardware amount according to various application areas. Also, the
throughput is maximized by enhancing PE utilization up to 100% and the chip pin count is reduced by
reusing image data with embedded image memories. Also, the uniform and identical data processing
structure of PE’s eases VLSI implementation and the clock rate of external I/O data can be made
slower compared to internal clock rate to resolve I/O bottleneck problem. The logic and spice
simulation results of the proposed architecture are presented. The performances of the proposed
architecture are evaluated and compared with other architectures. Finally, the chip layout is shown.
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1. Full Search Block Matching Algorithm.
FBMAE i 4] (hex #3dd 5 stk

N-IN—1
EV(k, v) = X 230 | PE(s+h, t+2v)—~CF(s, 1) |

=0

(=p<h v<p)

where, PF : previous frame, CF : current frame.
Block size: N X N, Search range: p.
EV(h, v): absolute ervor
between PF(s + h, t + v) and CF(s, )
MEDV : (h, v) when EV(h, v) s minimum.
Al (DM EV(h, v)= CF 559 7 5k4 dlo]e]
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Fig. 1. CF block and PF blocks when N = 4, p
= 2.
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Table 1. Computation sequences of each PE.

clock PEO PE1 PE 2 PE 3

0 | PR(-2, 4) - CF(0, 3) | | PF(-2, 3) - CF(©, 3) | | PF(-2, 2) - CFQ, 3) | | PF(-2, 1) - CF(0, 3) |
I | PF(-1, 4) - CF(0, 3 | [ PR(-1, 3) - CF0, 3) | [ PF(-1, 2) - CFW, 3) | [ PF(-1, 1) - CF(0, 3) |
2 [ PRCO, 4) - CRO, 3) | [ PF(0, 3) - CRO, 3) | | PRCQ, 2) - CFO. 3) | [PFCO, D) - CFQ, 3 |
3 [ PF( 1, 4) - CF(O, 3§ [ PF(C1,3) - CFO, 3) | [ PR 1, 2) - CFO, 3) | [PFCL D - CRQ, 3) |
4 | PR(-1, 4) - CR(1, 3) | [ PF-1,3) - CR, 3 | PR(-1, 2) - CF(1, 3) | | PF(-1, D - CK(L, 3 |
5 | PRCO, 4) - CF(1, 3 | [ PF(0,3) - CF(, 3) | [ PFCO, 2) - CF(1, 3) | [PFCO, 1) - CR, 3)
6 [ PRI, 4) - CR(L, 3 | [ PF( L, 3) - CF(1, 3) | [PF( 1, 2) - CR, 3) | [PRCL D - CR, 3)
7 [ PF(2 4) - CF(L, 3) | [ PF(2,3) - CF(, 3) | [ PF( 2 2) - CF, 3) | [PF(2, 1) - CFQ, 3 |
8 [ PFCO, 4) - CI2 3) | [ PF(0O, 3 - CFE 3) | [ PFCO, 2) - CFZ 3) | [ PFCO, 1) - CRZ 3) |
9 [ PRCL 4) - CF(Z, 3) | [PR(1, 3 - CF2 3 | [ PF( L 2) - CF2, 3 | [ PFCL D - CF2 3) |
10 | PR( 2, 4) - CF2, 3) | FPR(2 3) - CF2, 3 | | PF(2,2) - CF2 3) | [ PRC2, 1) - CF2 3 |
1 [ PR3 4) - CR2, 3) | [ PR3, 3) - CF2, 3) | [ PR3, 2) - CRE 3) | | PFC3 D - CF2 3) |
12 [PFC L, 4) - CF(3 3) | | PF( 1, 3) - CFG, 3) | [ PF(1,2) - CF(3, 3) | [PFCL D - CF3 3|
13 [ PF(2 4) - CF(3, 3) | [ PF(2,3) - CFG& 3 | [ PF( 2 2) - CF3 3) [PFC2, 1 - CFG 3 ]
14 | PF( 3, 4) - CF3 3 | [ PF(3,3) - CFE 3 | [ PF(3,2) - CF3 3 | [ PR3 1) - CF3 3) |
15 | PF( 4, 4) - CF3, 3 | | PF(4,3) - CF3, 3 | [ PF(4,2) - CF3, 31 [ PF(4, 1) - CF3, 3) |
16 | PF(-2,3) - CF(0, 2) | | PR(-2, 2) - CFO, 2) | | PE(-2, 1} - CF(0, 2) | [ PF(-2, O) - CF(©, 2) |
17 | PF(-1, 3 - CF@©, 2) | | PR(-1, 2) - CF(0, 2) | | PF(-1, 1y - CFO, 2 | | PF(-1, 0) - CF(0, 2) |
18 [ PFCO,3) - CFO, 2) | | PFCO, 2) - CFO, 2) | [PRCO, D - CRO, 2) | [ PFCO, 0) - CFO, 2) |
19 [ PF( L, 3) - CFO, 2 | [ PFC 1, 2) - CFO, 2) | [PFCL D - CFO, 2) [ PF( 1, 0) - CFO, 2) |
&0 [ PR(-2, 1) - CF@, 0 | | PR(-2, 0) -~ CF3,0) | [ PE(-2-1) - CF(3, 0 | | PF(-2,-2) - CF(3,0) |
61 | PR(-1, 1) - CF3, 0 | | PR(-1, 0) ~ CF(3, ¢ [ PR(-1-1 - CFG3, 0 | | PF(- - CFG3, 00 |
62 [PFCO, D - CF3 0 | [ PFCO, 0) - CF(3, 0 | [ PRCO,1) - CF3 0 | I PF(0-2) - CFG, 0 |
63 {PFCL D - CRG3 0 | [ PFCL O - CFG3 0 | | PF( L1 - CFG3 0) | [ PFC1,-2) - CF3, 0 |

(2421)
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