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A High Speed Motion Estimation Architecture
for Three Step Search Algorithm

Sang Joong Kim' - Yong Gil Kim'" - Kang Bin Yim'!

ABSTRACT

We propose a new VLSI architecture for the three step search algorithm for the motion estimation of moving
images. In the proposed architecture the regular data input is possible and the data are passed through all
computational processes, minimizing the input bandwidth. The performance is analyzed in detail, and compared
with other architectures. The performance is approaching to the ideal computation speed, with less hardware
than for the existing architectures.

- Yong Deak Kim'' - Ki Hyun Chung'!
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(Table 1) Data Flow of SAD unit with three input ports for candidate blocks at Step 1
Step 1 RAx Content RBx Content Operation
Cycle | RAO RALl RAZ RBO RB1 RB2 R’ RBx

0 |y(0,i)|y(4,1) | y(8.1) L(0,1,2)

1 ¥(0,i+1) [ y(4, i+1) [y(8, i+1) o] L(0,1,2)
2 y(4.1) | y{8.4) |y(12.1) L(2) & 8 [«

3 y{4,i+1) | y(8,i+1) [y(12, 1+1) c L(2) &8
4 |y(1,i) | y(5.4) [ y(9,1) L{0.1,2) C

5 y(1,i+1) | y(5,i+1) (9, i+1) C L{0,1,2)
6 y(5.1i) | y(9,1) y(13,1) L(2) &8 [

7 y{(5.i+1) | y(9, i+1) y(13,i+1) Cc L(2) & 8§
8_ |¥(Z1i) ] y(6.1) |y(10,1) L(0,1,2) c

9 ¥(2,i41) [y(6, i+1) |y(10, i+1) C L(0,1,2)
10 ly(6,1) |y(10,i) y(14,1) L{2) & § C

11 y(6,1+1) [y(10,3+1){y(14, i+1) C L(2) & 8
12 1v{3.1) { y(7.4) |y(11.1) L(0,1,2) C

13 y(3,i41) [ y(7.441) |y(11, i+1) C L(0,1,2)
14 1y(7.1) [y(11,1) |y(15, 1) L(2) &8 c

15 y{7,i41) [y (11, 3+1) [y (15, 1+1) C L(2) & 8
16 [

( L(x) : Load RAx or Load RBx

L(x) & S : Load RAx or Load RBx & Shift C :

Caculate SAD )
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(Table 2> Data Flow of SAD unit with three input ports for candidate blocks at step 2
Step 2 RAx Content RBx Content Operation
Cycle | RAO RA1 RAZ RBO RB1 RB2 RAx REx

0 ¥(0,1) | y(2.1) { y(4, 1) L(0,1,2) )
1 y(0,341) | y(2,i41) | y(4, i11) C L{0,1,2)
2 |y(2.1) ] y(4.1) | y(6.1) L(2) &S [

3 ¥(2,i+1) | y(4,i41) | y(6, i+1) C L(2) &5
4 yi{4.1) | y(6.1) | y(8.1) L(0,1.2) [

5 ¥4, i41) | y(6,i+1) | y(8.i+1) c L(0.1,2)
6 |¥(6.i)|y(8,4) [y(10.1) L{2) & 8 C

7 ¥(6.i+1) | y(8, i+1) |y(10, i+1) [ L(2) & §
B y(1. 1) | y(3.3) | 9(5, 1) L(0,1,2) C

9 y{1,3+1) | y(3, i+1) | y(5, i+1) c L(0,1,2)
10 |y(3.4) | y(5,1) | y(7.3) L(Z) &8 c
11 ¥(3,iH1) | (5, i#1) | y(7, i+1) C L(2) &8
12 |y(5.1) | y(7,1) | y(9, 1) 1(0.1,2) [«

13 ¥(5.3+1) | y(7, i+1) | (9, 1+1) C L(0,1.2)
14 [y(7.4) | y(9.1) ly(11, 1) L{2) & § [

15 y{7,3+1) | (9. i41) [y(11, i+1) C L(2) & 8
16 [l

]
o
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SADOAM Qi &H|0|EE] EE

Step 3 RAx Content RBx Content Operation
Cycle | RAO RAL RA2 | - RBO RB1 REZ RAX Riix
0 [y(0,4)]y(1,4) | y(Z.§) L{0,1.2)
1 y{0, i+1} ] y(1,i41) | ¥(2.i+1) C 1(0.1,2)
2 _|y@.i)|yi2.4) | ¥yB3.1) L(2) &8 C
3 y(1.i+1) | y{(2,3+1) | y(3, i+1) C L(2) &8
4 ly(2,4)|y(3.4) ) y4.1) L{0,1.2) o
5 v{2, 141} | y(3, i+1) | y{4.i+1) c L(0,1.2)
6 |[y3.1)|yl4.1) | ¥(5.1) L(2) & § o
7 (3, i+1) | y(4, 141) | y(5. i+1} o L(Z) &S
8 yi4,i) | y(5.1) | y(6.1) L{0,1.2) C
| @ y(4_i+1) | y(5,i+1) { (6, i+1) C L{0,1,2)
10 |y(5,i) | y(6.4) | ¥(7,4) L(2) &5 C
11 v(5,i+1) | y(6,i41) | y(7.3+1) C L(2) & 8
12 |yi6.4) | (7.4} | y(B,1) 1(0.1,2) C
13 ¥i6,i+41) | y(7,3i+1) y(8 i+l) Cc 1(0.1,2)
14 y(7.1i) | y(8B,1) y(9,1) L{2) &8 [
bﬁ, v{7,i41) | v(8.31+1) | y(9. i+}) C L{2) &S
16 C
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(Table 4> Data Flow of SAD unit with one input port for candidate blocks at step 1

Step 1 Rix Comtent RBx Content Operation

Cycle | ¥[7:01 RAD RAL RAZ RBO REL REB2 RAx RBx

0 y{0.4i) |y(0,1) L{0)

1 |y{0,i+1) (0. i+1) L{D)

2 yi4,1) y(4.1) L(1}

3 |yl4.i+1) y(4,i+1) L(1)

4 y{(B,1i) y{8.1) L{2)

5 |y(8.3+1) yi8.i+1) c L{2)

6 y(12.1) |y(4.4) | y(8.1) |y(i2.1) LiZ) &8 C

7 ly(12,341) y(4,i+1) ] y(8.3+1) |y(12,3+1) c L) &8

8 y{1.1) |y(1.4) L(0) [s

9  |yf1,i+1) y(1,i+1) L{0)

10 y(5,1i) y{5.1) L(1)

11 |y(5. i) y(5,i+1) L(1)

12 y(9,1) y{(9.1) L(2)

13 [y(9.i+1) (9. i+1} C - L{2)

14 v(13,1) |y(5,1) { y(9.1) y(13,1) L(2) &8 C

15 |y(13.i+1) y{(5, i+1) | y(9,3+1) |y(13,i+1) C L(2) & 8§

16 y(2.i) |y(2.1) 1(0) [od

17 |y(2.i#1) yl2.i+1) L{0)

18 | y(6.i) y(6,1) L(1)

19 jy(6,i+1) y(6,i+l) L(1)

20 y(10,1) v{10,1) L(2)

21 ly(10,i4) y(10,3+1) C L{2)

2 | y(14.1) |y(6.1) |y(10,1) |y{14.1) L(2) &S C

23 ly(14,i41) yi6,i+1) ly (10, i+1)|y(14, i+1) c L{Z) & 8§

24 y(3.i) |y(3.1) L(0) C

25 | y(3,i+1) y{3.1+1) L{D)

26 y(7.1) y(7,1) L{1)

27 | y(7.141) yi7.i+l) L{1)

28 | y(11.1) y(11, 1) L(2)

29 |jy(11,iH1) y(11.i+1) [ L(2)

30 y(15,1) |y(7.4) |y(11,4) |y{15. 1) L(2) &S o

31 |y(15.i41) y(7,5+1) |y(11, i+1) [y (15, i+1) [od L(z) & 5§

32 [
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{Table 5> Data Flow of SAD unit with one input port for candidate blocks at step 2

Step 2 RAx Content RBx Content Operation
Cycle Y[7:01 RAO RA1 RAZ REO RBL RB2 RAx RBx
0 y(0,1) y{0,1) L(0)
1 y(0,i+1) y(0,1+1) L(0)
2 y(2, 1) y(2,1) L{1)
3 y(2,i+1) y(2,i+) L(1)
4 y(4,1) y(4,1i) L(2)
5 y(4,i+l) y(4.i+1) [ L{2)
6 y(6,1) | y(2,1) | y(4,i) | y(6,1) L(2) &8 C
7 y(6,i+1) y(2,3i+1) | y(4,i+1) | y(6, i+1) [ L(Z) & 5
8 y(8.1) | y(4.1) | y(6.i) | y(8,1) L(2) &8 c
9 y(8, i+1) y(4,i+1) | y{(6,i+1) | y(8,i+1} C L{2) &8
10 y(10.i) | y(6.1) | y(8,1i) | y(10.1) L(Z) &8 C
11 y{10, i+1) y(6,i+1) | y{(8, i+1) {y(10, i+1) [ L(2) &S
12 y(i.i) | y(1,i) L(0) C
13 | y(1,i+1) y(1,1+1) L{0)
14 y(3,1) y(3.1) L(1)
15 | y(3.iH) y{(3,i41) L(1)
16 y{5,1) yi{5,1) L(2)
17 y{5, i+l) y(5, i+1) C L{2)
18 y{7.4) | y(3.,i) | y(5.1) | y(7.1) L{Z) & 8 c
19 y(7,i+1) y(3.i+l) | y(5,i+1) | y{(7,i+1) [ L(2) &5
20 y(9,i) y(5,1) { ¥{7.1) | ¥(9,1) L(Z2) & 5 [
21 y(9.i+1) (5, i41) | y(7,i+1) | y(9,i41) C L(2) & §
22 y(11,1) | v(7.1) | y(9.i) |y(11.4) L{2) &5 c
23 |y(1l,i+1) y(7.3+1) | y(9,i+1) [y(11, i+1) C L(2) &8
24 (o
<E 6)3THAIOA 17He] BTS2 QAT EE 2H= SADOIA 22{H[0|Ee] 5=
{Table 6) Data Flow of SAD unit with one input port for candidate blocks at step 3
Step 3 RAx Content RBx Content Operation
Cycle | Y[7:01-| RAO RA1 RAZ RBO RB1 RB2 RAx RBx
0 y(0,3i) [y{0,1) L(0)
1 y{1,i+1) y(0, i+1) L(0)
2 y(1,i) y(1,i) L{1)
3 |y(1,i41) y{1,i+1) L(1)
[ y(2,1) y(2,1i) L(2)
5 |y(2,i+1) y(2,i+1) C L(2)
6 v(3,1) [yf1,i)]y(2.4) | ¥(3,1) L(2) &8 [o
7 y(3,1+1) y(1,i+1) [ y(2,i+1) | y(3,i+1) C L{Z) & 8
8 y(4,1) [y(2,i) | y(3.1) | y4.4) L(2) &8 [§]
9 ly(4,iq) (2, i41) | y(3.i+1) | y(4, i+l) C L{2) &8
10 y{5.1) [y(3.1) | y(4,1) | y(5.1) L(2) &8 C
11 | y(5,i+l) y{3,i41) | y(4, i+1) | y(5, i+1) C L(Z) &8
12 y(6.1) {y(4.i)] y(5,1) | y(6,1) L(2) &8 c
13 | y(6, i+1) y(4,i+1) [ y{(5.i+1) | y(6,i+1) o L(2) &8
i4 y{7.4) |y(5.i) | y(6.4) | ¥(7.3) L(2) &8 c
15 |y(7,i+1) y(5,i+1) | y(6,3i+1) | y(7, i+1) ¢ JL2) & s
16 ¥{(8,i) [y(6,1) | v(7.4) [ y(8.1) L(2) &8 C
17 |y(B.i+1) y(6.i41) [ y(7.i+1) { y(8, i+1) C L(2) &8
18 | y(9.i) [y(7.4) [ y(8,4i) | y(9.1) L(2) &8 ¢
19 [y(9,4i+1) y{7,4+1) | y(B, i+1) | y(9, i+1) [ L(Z) R S
20 o
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