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Onbody Realtime Disparity Image and Flow Generation System based on

Highspeed Correspondance Matching using PC

Kei Okada�1, Satoshi Kagami�2, Masayuki Inaba�2 and Hirochika Inoue�2

This paper describes PC-based, robust, real-time disparity image and ow image generation system, which is able

to be embedded in robot's body. Real-time feature is carried out in three steps: adopting recursive correlation

method, optimizing algorithm to second CPU cache, utilizing MMX instruction set. Consistency checking method is

adopted to achieve robustness, we integrate into recursive correlation loop to achieve realtimeness. Finally evaluation

of proposed method is denoted.

Key Words: Realtime vision, Disparity image generation, Optical ow image generation, Recursive correlation,

Robot vision.
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Fig. 1 Recursive correlation calculation: N(x+1,y,d) is able to

calculated using N(x,y,d), Q(x,y,d) and Q(x+1,y,d). Q

is also calculated using Q and P
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Fig. 2 Optimizing implementation with (a) normal correlation,

(b) simple recursive correlation, (c) cache optimized re-

cursive correlation. (Algorithms (b,c) don't work when

x=0 or y=0)
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unsigned char I1[N][N], I2[N][N];

unsigned short P[W][N][D], Q[2][N][D], R[N][D];

asm volatile("pxor %%mm7,%%mm7"::); /* mm7 = 0 */

asm volatile("movd %0,%%mm6"::"m"(I1[y][x])); /* mm6 = I1 */

asm volatile("punpcklbw %%mm7,%%mm6"::);

for (d=0; d<D; d+=4) {

asm volatile("movd %0,%%mm1"::"m"(I2[y][x+d])); /* mm1 = I2 */

asm volatile("punpcklbw %%mm7,%%mm1"::);

asm volatile("movq %%mm6,%%mm2"::); /* mm2 = mm6 */

asm volatile("movq %%mm1,%%mm0"::); /* mm0 = mm1 */

asm volatile("psubusb %%mm2,%%mm0"::); /* mm0 = mm0 - mm2 */

asm volatile("psubusb %%mm1,%%mm2"::); /* mm2 = mm2 - mm1 */

asm volatile("por %%mm0,%%mm2"::); /* mm2 = mm2 | mm0 */

asm volatile("movq %%mm2,%0":"=m"(P[y%W][x][d])); /* P = mm2 */

asm volatile("movq %0, %%mm3"::"m"(Q[(y-1)%2][x])); /* mm3 = Q */

asm volatile("paddusw %%mm2, %%mm3"::); /* mm3 = mm3 + mm2 */

asm volatile("psubusw %0, %%mm3"::"m"(P[(y-W+1)%W][x][d])); /* mm3 = mm3 - P */

asm volatile("movq %%mm3, %0":"=m"(Q[y%2][x])); /* Q = mm3 */

asm volatile("paddusw %0, %%mm3"::"m"(R[x-1])); /* mm3 = mm3 + R */

asm volatile("psubusw %0, %%mm3"::"m"(Q[y%2][x])); /* mm3 = mm3 - Q */

asm volatile("movq %%mm3, %0":"=m"(R[x])); /* R = mm3 */

}

� �

Fig. 3 MMX implementation of Equation (3). Absolute di�erence is impremented using

2 sub instruction and 1 or instruction to avoid using branch jump.

3. 3 �yptl�kax

	�¨¼¹ÍÓ�x2ÌÎ!Ðâ��aÒÔ(ñÛ�¶�2ÑÐ

ã¦#ÀÍÓ��ayHÉC'�è�õ�ú�æ±ÆÑì�Áã¦

»Òè�õ�ú�Ñàâ¥	�¨¼¹ÒY�=æO(N2
W

2
D
2)

µá¥O(N2
D
2) ÑbáÁ»Î¶.�Í°ã¦

	�¨ÒY�Ó¥�*Òà²Ñ£¸»Î¶Í·ã¦

N (x; y; k; l) =
P

i;j
jI1(x+ i; y + j)

�I2(x+ i+ k; y + j + l)j
ª4«

»»ÍÓ�x2Ì¼¹Îú0ÑW �W 4Ò«�¶¬çÍ°

ã¦ÁÐåÈ¥N(x; y; k; l)Ó�*Òà²ÑyHîÑY�Í·

ã¦»äæ1§Ó��ayHÉC'�è�õ�ú�ÎeÖ¦

P (x; y; k; l) =
�
�I1(x; y)� I2(x+ k; y + l)

�
�

Q1(x; 0; k; l) =
P

j
P (x; j; k; l)

Q1(x; y + 1; k; l) =Q1(x; y; d)

+P (x; y +W;k; l)� P (x; y; k; l)

Q2(0; y; k; l) =
P

i
P (i; y; k; l)

Q2(x+ 1; y; k; l) =Q2(x; y; d)

+P (x +W;y; k; l)� P (x; y; k; l)

N(0; y; k; l) =
P

i
Q1(i; y; k; l)

N(x; 0; k; l) =
P

j
Q2(x; j; k; l)

N(x+ 1; y + 1; k; l) =N (x; y; k; l)

+Q1(x+W;y; k; l)�Q1(x; y; k; l)

+Q2(x; y +W;k; l)�Q2(x; y; k; l)

+P (x; y; k; l) + P (x+W;y +W;k; l)

�P (x +W;y; k; l)� P (x; y +W;k; l)

ª5«

3. 4 RZUS[MKu�dIMMX��Q�GHz�

#ÀÍÓ1 CPU×Ò�ÊÒ@ñµá����1=ÒébÑ

àã��ð�ÿ÷�×Òzï+¥MMX'BÑàã�Ê æ�

Á¦#D�ÍÒKDÓ�x2Ì¼¹æÔ¨ÎÁã¶¥	�¨¼¹

ÑÝï1Í·ã¦

3. 4. 1 ����1=ÒébÑàãð�ÿ÷�×Òzï+

Fig. 2 Ó (a)�xÒY� (� (2) )æÚ�Ñ�c¿ÆÝÒ¥´

àÕ (b)yHÉC'� (� (3) )æÚ�Ñ�c¿Æ}Ò�¨�Ò

m¹ æ�¿Ì±ã¦Å2(ÒÔ(ñæY�ÁãÆÜÑÓ¥yH

ÉC'�Ò�æ x, y, d Ò 3�Ò�¨�Î¿ÌY�Áã»ÎÑÐ

ã¶¥Ú�Ñ�ÒèâÑ�ÊÁãÎð�ÿ÷�æ61Í·Â¥Y

�ÐôÓ CPU Ò'�ÐôÍÓÐ¸�ê����ÒþÚ�¿©£

·uÚÐôÑ�ÑÁã»ÎÑÐÉÌ¿Ù²y
¦

Ä»Íð�ÿ÷�Ò61k:æzÖÑÁãÆÜÑ'�óãÑ

�1Áã P;Q æY�Áã}Ñ N Ýú�ÑY�Áã»ÎÎÁã

(Fig. 2 (c))¦»äÑàâÚ�Ñê������ÁãÎ P;Q;N

Ó N�N�D Ò�CöêúæÄäÅä�Ê»ÎÑÐÉÌ±Æ¶¥

»ÒtÑÓ P ÓN�W�D¥Q ÓN�2�D¥N ÓN�D

Ò�CöêúÍ<±»ÎÑÐã¦

�ÉÌ¥#D�Í�ØÆè�õ�ú�Ñ�2Ð���>#Ó¥

N=128;W=16; D=32¥2ÌÒ:�ñû�Ò�¨ý=æ 8bit Î

ÁãÎ¥ P Ó 8bit, Q;N Ó 16bit ÎÐã»Îµá¥, 2.6MB

ÎÐã¶¥»Ò� Ñàâ, 85KBÙÍébÁã»Î¶Í·¥

Pentium Ò®�ð�ÿ÷�Ñ�â·ã¦�}ÑÓ»ä�8Ñ2Ì

>#Î¿Ì 128� 128� 2� 8bit= 32KB ¶�2Í°ã¦

3. 4. 2 MMX'Bæ1±Æ�Ê

MMX 'BÓ IntelÒ PentiumMMX ��ûÿö�pÑõ|

½äÆ��þ��éè'BÍ¥$ñ�ÿñÍ 64bit çÒMMX �

øùýªª°ã±Ó���ª«Ñ´µäÆ�¨ý�CÒE¥¾¥

¾E¥D7'�÷æo²¥±åßã SIMD (Single Instruction

Multi Data) Ð'Bûÿ�Í¥¾�8Ó$ñ�ÿñÍ�o½ä

yW5aWX]�/)F�C)ð,Â��Ç�ª,* 10 ;`D;bË��0
���¸:YD>Z�/* 1+!* 2;`D;%¤�0

ô�`SDG�{¶ 18� 6§ |3| 200ö 9�



899 pê � sxý Ú g� y� eË ùh

ã¦ÆÇ¿>â�'BæÝÉÌ±Ð±»ÎÎ¥¾Ó 16bit � 16bit

ÙÍ¿µÍ·Ð±Î±ÉÆ·,¶°ã¦

� (3) ÒÓMMX'Bæ1±Ì Fig. 3 Òà²Ñ�c½ä

ã
y
¦»»ÍÓ 8bit ºµÒ2Ì�Cæ�øùýÑ"¿Æg¥ 16bit

ºµÑ;å¿¥¯ÊÂÊÙÎÜÌ´f±ÑxæÎâ¥®ÊÒ\0

æ or Áã»ÎÑàâ¯]�EæoåÂÑxÒÁÔÝæY�¿¥

P ÑÕ�¿Ì±ã¦»Òô¨�Ó C diÍ£±ÆÝÒÑ�ØÌ

, 2�È¸�o½äã¦

4. ®µÇÒ±Ô¥Õ��ÆÖÏÒ±���ÄÉÔ

�ÿ�Ò�=ÍÓ��ù�¸¥ÁÐåÈýæ=¶¦ÐµÉÆ

âîñ�¨ø��¶Ñ~Áã?SÍÝ°4Ò´¹ã�x2Ìæ¼

¹Áã�2¶°ã¦ÄÒÆÜÑ¥Ô(ñÛ�\0Ò°4ôæ�,

ÁãGmæÇÚuÛ»ÎÍ¥ 7\0æ61Áã}Ñ°4ôæ�

,Í·ã»Î¶�2ÑÐã¦

»Ò*×æ3[ÁãÆÜÑ0§Ð^O¶oåäÌ±ã¶¥#

D�ÍÓÔ(ñÛ�Ñ´¹ãÉC'�Ò°4ô�,Ñ "Left-to-

Right Right-to-Left Consistency Checking($A¸�, )"æ

1±ã [7, 8]¦

4. 1 ^j}�e�

$A¸�, Ó�ÎÒ2ÌÒñÑÔ(Áã�ÔÎÒ2ÌªÒñ

µáÒÔ(ñ¶¥z¡ÒñÑ$àÁãtÒÚ¥ÄÒÔ(¶°4

Í·ãÎÁãÝÒÍ°ã¦»Ò� Ñàâ¥Ô(ñ¶ÎäÐ±

¢¶ÓÉ·âW��3ãà²ÑÐã¦è�õ�ú�Ó�*Òèâ

Í°ã¦

ª1«%2ÌãÒT¢>#æ�§># (># 1)Î¿¥w2ÌæÛ�

¿zÝÉCÒr±T¢>#æ># 1ÑÔ(Áã># (># 2)

ÎÁã¦

ª2«># 2æ�§>#Î¿¥%2ÌæÛ�¿zÝÉCÒr±T¢

>#æ># 2ÑÔ(Áã># (># 3)ÎÁã¦

ª3«># 1Î># 3¶úÀT¢>#Í°äÔ¥># 1Î># 2Ó

w%2ÌãÒÔ(Áã>#ÎÁã¦

4. 2 ^j}�e�Ktl�kaxMK�NsN

$A¸�, æÚ�Ñû�ÁãÎ%2Ìµáw2ÌÒÔ(ñÛ

�¥w2Ìµá%2Ì×ÒÔ(ñÛ�Î$A¸�, æû�¿Ð

±tÑ�Ø��ÒÔ(ñÛ�æo²�2¶°ã¦»»ÍÔ(ñ

Û�Ò 7Ó¥¬:¥>#ÑÔ¿ÌÔ(Áã:¥>#¼ÎÑÉC

'�æo²¥¬ÄäáÒãµáï¿Ð�xæÃØÁãÒ®Ü

7Ò 7µáÐã»ÎÑä�ÁãÎ¥ÉC'�Ó%2Ìµáw2

Ì¥w2Ìµá%2ÌÎ�ôo²�2Ó&¸¥ÉC'�Ó$ô´

»Ð±üáäÆÉCÝ��æy�C¿�xÒÃØæ�ô´»Ð³

Ôà±¦

�ÉÌ$A¸�, Ó Fig. 2 (c) Ò y Ò�¨�ÿÒzgÑ x

�lÒ$�ê��ÙÎÜÌo²»ÎÑàâ¥Y��BÓ 30%í

ôÍ-ÁãíôÍo³ã¦

5. ��¥Õ��«¨ªÐ¾Õ³ÊÅ×¦§©¬�Äº

ygcc(gas) )�Ä)!-(8R\aH)B�@&F@E4I�>[a*çÌ
) x86 )�¹&�('"$�0�&(äc�1!�%%mm0,1,2 * 8�Ý®

 0MMX _?@C2´ 

Table 1 Realtime Performance of Disparity Image Generation

PentiumIII 700MHz
Cost Function without CC with CC sub-pixel

a) Simple Correlation 1312.2 2915.3 2624.9
b) Recursive Correlation 27.7 41.2 43.3
c) Cache Optimal Correlation 21.2 27.1 29.0
d) MMX Imprementaion 13.4 18.4 20.9

(unit:msec) (N=128;W=13;D=32)

Table 2 Realtime Performance Result of Optical Flow Gener-

ation

PentiumIII 700MHz
Cost Function without CC with CC sub-pixel

a) Simple Correlation 1656.9 3013.0 2925.5
b) Recursive Correlation 65.4 78.3 81.0
c) Cache Optimal Corrleation 33.5 42.3 49.2
d) MMX Implementation 19.8 27.2 32.6

(unit:msec) (N=80;W=15;D=8)

Row : a) Simple Correlation, b) Recursive Correlation, c) Cache

Optimal Corrleation, d) MMX Implementation.
Column : 1)Without Consistency Checking, 2) With Consistency

Checking, 3) With Consistency Checking and Sub Pixel
Interpolation.

Fig. 4 Left Top: Input image, Right Top: Disparity image

(brighter is closer), Left Buttom: Disparity image with

consistency checking, Right Buttom: Disparity image

with consistency checking and sub-pixel interpolation
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Fig. 5 Real-time optical ow generatio experimen. Top: Input

image, Middle: Optical ow, Buttom: Optical ow with

sub-pixel interpolation.
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