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Real-time Optical Flow Generation using

Recursive Correlation Technique and Multi Media Instruction Set
Univ. of Tokyo o K. OKADA §S. KAGAMI M.INABA H.INOUE

Abstract : Optical flow has many information for a robot which moves in a real-world. This paper
describes a development of real-time optical flow generation system using two-dimensional recursive correlation
technique and Pentium MMX instruction set. The process includes: 1) Optimize algorithm by recursive
correlation, 2) Extract algorithm in order to utilize second CPU cache, 3) MMX implementation. Finally
several implementation and system evaluation are denoted.

1 0000 2 0DOhOobOOOobObOOoobOooboobon

000000000000000000000000 ooo
0000000000000000000000000 924 goO0OO0OO0O0O00
0000000000000000000000000
0000000000000000000000000
00000000000 00000000000000
0000000000000 000000000000
0000000000000000000000000
000000000000000000

000000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
[1,2l00000000000000000000000
0000000000000000000000000
00000000000000000000

000000 CPUOOOOOOOOOODOOOOOn

ocoooooooooc3oocOoooooooboogooo
000 [3,40oD00000bo0oboooooooo
oobobobooboooooboooooooooooooo
gobobooobooobooboooobooooo
obooboboobobobooobooooooooo
goobobobbooobooboobobooobbooobo
gooboobooobobooobobooobboboo
gooboboooboboobooobooobobobooo
gobooobobooobbobooobooobboo
goobooobobooboboooboboooboboooboo
goobobobbooobooobooobboooboo
goooobbooobbooboboooboboooobooo
goboboooboooboobbooboboooooo
gbooobobooobooobobooobonboo

O000o0d0o00oooooooooooO DSP O 1. 0000000000000 0O0O0OOoooOn

ooooooobDobOOO00OO0DbOObOOO000o 2.000000000000D00000O0DOO0000

ooooooooo 000oooooooo
gjdododoooooobooboobobobobobboooon 3. 000000000000000000

vboobooboooobobobuoboboboo 4 00000000000 O00OO00DOO00O0O000

000000000000 00000OO0OO0DO0000O 0

00000000000 Pentivm OOO0O0O0O MMX

00000000000000PCOO0O0O0O0O0O0O00 pooooooooooooooooooogoon

000000000000 0000000000000 ooooooooo [56 0200000000000

O0oooo0o000o0oon 0 2. 0000000 Left-to-Right Right-to-Left Con-

sistency Checking(LR-check)) O [7,8]0000 3. O

127



gbooobboooboooboooboooobooon
gooooobOooOOooOooooooooboooooD 3
gboooobooobo

2.2 QJUO0DOO0O0OCOODOOODOOODOOOODbOOO

gbooooooboobobobobooooobooboogon
00000000 PC/ATOODOOOOOOOODODODO
O00oo000oo0o0ouoooouoooPPCOOOOOO
gooooboobobboooboboboboobboon
000000000000 ¥ooooooo CPU O
ooooobbooobooobooobooooboon
gboooboooobbooobbooboboobboon
goooobobobbooobbooboboobboon
0000D00O0000o0oDOoOoOooD (0s)ooooo
goooobooboboooboooboooboon
gboogooboobobobooobboobooooboon
0000 000000000000000000 Linux
gbooood

ob00d34000000000D0O0O0DOOODOO
Oo0ooooooUoouooooooOouoono 3oogog
gooooogo

l. Jdooooocoooooooooooo
2.00000C0000O0OCOOOOO0OOO
3. MMXOOOoOoOOoOOOO

120 COOOO30 MMXOOOOOOOOODOOO
good

3 O0O0OooOoooooo
3.1 000D

000000000 00000000D0DODODO 2
0000000000000 0000000D0D0000
0000000000000 000000000000
000000000000 0000000000000
00000000000 00000000000000
00000000000000 (1) 000000000
00000000D00000000000000000
0000000000000000000 (2)0 SAD
goooooooooolo

El I (z4i,y+j) < L (e+i+k,y+5+0)}

Co(m,y,d
\/Z D(etiy+))? \/Z Lo (etith y+i+)?

(1)

lDooo0OoO0O0000O0O000000000000000

Do, NGtk =T ) < (It 4k i+ D=1 ()

\/Z 1y o+ iy4d) ~T1(2,9)2 X\/Z g (otit byt +0) —To(m,9))2
i,j i,j

000 I(e,y) O VI}'Z X )Zi,j Ie+iy+H2 0000

-128-

y PEPEES -
N(x,y,k,I) = fww )'(9 ¥
NOcrLy+Lkl) = wa I >I<’ H
’ T 0y e
Qlbykil) = : X i
k
Y el -
Qi(x+W,y k,I) = e X’
y I ’
Q2(x,y,k,l) = %
y l’ -
Q2(x,y+W,k,) = X A
y I’ -
P(x,y .k, = X ..
y I ’
P(x+W,y k,I) = v
y I ’
P(X,y+W,k,I) = >
k
y ¥ et
P(x+W,y+W k) = v

N(x+1,y+1,k,I) = N(x,y,k,I)
+Q1(x+W,y k,I) - Q1(x,y k,I)
+Q2(x,y+W. k,I) - Q2(x,y,k,I)
+P(x,y,k ) + P(Xx+W,y+W k,I)
-P(x,y+W k1) - P(x+W,y k,I)

Q1(x,y+1,k,) = QL(x,y,k,l) + P(x,y+W,k,I) -P(x,y k,I)
Q2(x+1,y,k,l) = Q2(x,y.k,I) + P(x+W,y k) -P(x,y,k,I)

Fig. 1: Recursive correlation calculation
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Fig. 2: Optimizing implementation with (a) normal correlation, (b) simple recursive correlation, (c) cache

optimized recursive correlation. (Algorithms (c¢) don’t work when x=0 or y=0)
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Fig. 3: MMX implementation of Equation (8)
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Fig. 4: Consistency checking between two images
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Table 1: Algorithmic optimization of optical flow

Cost PentiumMMX | PentiumlII
Function 233MHz 450MHz
a) 3.394 2.243
b) 0.138 0.050
c) 0.111 0.047
d) 0.052 0.019

(sec) (N=64,W=16, D=8)
a) Correlation, b) Recursive correlation, ¢) Cache optimal

correlation, d) MMX implementation
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Table 2: Time consumption by Consistency Check-

ing(CC)

Cost PentiumMMX 233MHz
Function | with CC | without CC loss
c) 0.111 0.102 8.8%
d) 0.052 0.049 6.4%
Cost PentiumlIl 450MHz
Function | with CC | without CC loss
) 0.047 0.043 0.9%
d) 0.019 0.015 26.6%

sec) (N=64, W=16, D=S)
a) Correlation, b) Recursive correlation, ¢) Cache optimal

correlation, d) MMX implementation

Fig. 5: Experiment : Real-time depth optical flow

generation
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