Autonomous Mobile Robot Design

Topic: Stereo
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O Recovery of 3D shape from one or two images .




Shape from X

~

O Shape fromé

O

Stereo

O

Motion
Shading

o O

Photometric stereo

O

Texture

O

Contours

O

é




Shape from Stereo
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Stereo
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C1 and C2=Camera centers

X1, X2=Image location in left and right cameras T1+ T2 = dlsparlty =d



Stereo pairs and Depth maps
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Correspondence using Search
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Correlation Based Stereo Methods

O Disparity map can be constructed based on a correlation measure

O Sum of Square Differences (SSD) SSD = Z Z(Ileﬁ — Im'ght)z

O Absolute Difference (SSD) AD = Z Z |(Lieft — Lright)|
O Cross Correlation (CC): CC = Z Z Die gl right
R Ile Im' h
O Normalized Correlation (NC): NC = Z Z( Iy t)
\/Z Z IleftITight
1

O Mutual Correlation (MC): MC

Z Z(Ileﬁ B p‘left)([r'ight - Mright)
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Correlation

O Similarity/Dissimilarity Measures

O Sum of Squares Difference (SSD)
O Normalized Correlation (NC)

O Mutual Correlation (MC)

] . p(z,y)
O Mutual Information (M) - [(x,y) = E E L y) 1
e (y) pla,y)log pi()p2(y)

O Gray levels
O Laplacian of Gaussian

O Gradient magnitude




Block Matching
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O Can be used for

8x8

O Computing MPEG motion vectors
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O Optical flow
O Stereo (displacement

O Image matching

limited to only x-axis)




Block Matching

O Foreach 8x8 block, centered around pixel G inright image, 6+

~

O Obtain 16x16 block in left, centered around ofwo, 64 |

O Computer Sum of Squares Differences (SSD)between an 8x8 block, 6+, and all possible 8x8
blocks in 04 |,

The 8x8 block in 6 ,centered around wlBB, which gives the least SSDisthe match

O The displacement vector (disparity, optical flow) isgiven by 6 @ w60 @ w6




Sum of Squares Differences (SSD)

()., ) =argmin, o DD (et iy )= fi(+ituyej+v)
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Maximum Absolute Difference (MAD)

(u(x,y),v(x,y)) =argmin,,,_ , , ZZ|(fk(x+i,y+ N—fi(x+i+u,y+j +v))(

7 =17
i=0 j=0




Maximum Matching Pixel Count (MMPC

0 otherwise

T(x,y;u,v)z{ 1 if‘fk(x,y)—fk_l(x+u,y+ v)|gj }

-7 -7

(u(x,y),v(x,y))=argmax, ,_, , > > T(x+i,y+ j;u,v)

i=0 j=0




Cross Correlation




