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Key points about human stereo vision

Image features used for matching:
~simple, precise locations, similar between left/right images

At a single fixation, match features over a limited range of horizontal
& vertical disparity

Eye movements used to match features over larger range of horizontal &
vertical disparity

Stereo matching is performed at multiple scales

« stereo information at different scales is processed independently

« information at coarser scales can be "fused” over a larger range
of stereo disparity

« information at coarser scales can trigger vergence eye movements
that narrow the range of stereo disparity in the region of view

Matching features for the MPG stereo algorithm

zero-crossings of image
convolutions with V2G
operators of different size
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Matching features for the MPG stereo algorithm

zero-crossings of image
convolutions with V2G
operators of different size
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Stereo images (Tsukuba, CMU)
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Zero-crossings for stereo matching

MPG stereo algorithm results
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Simplified MPG algorithm, Part 1

To determine initial correspondence:

(1) Find zero-crossings using a V2G operator with central positive
width w

(2) For each horizontal slice:
(2.1) Find the nearest neighbors in the right image for each
zero-crossing fragment in the left image
(2.2) Find the nearest neighbors in the left image for each zero-
crossing fragment in the right image

(2.3) For each pair of zero-crossing fragments that are closest
neighbors of one another, let the right fragment be separated
by Sinitial from the left. Determine whether 81 is within the
matching tolerance, m. If so, consider the zero-crossing
fragments matched with disparity Sinitial

m=w/2

Simplified MPG algorithm, Part 2

To determine final correspondence:
(1) Find zero-crossings using a V2G operator with reduced width w/2
(2) For each horizontal slice:
(2.1) For each zero-crossing in the left image:
(2.1.1) Determine the nearest zero-crossing fragment in the left image
that matched when the V2G operator width was w
(2.1.2) Offset the zero-crossing fragment by a distance Sjyia), the
disparity of the nearest matching zero-crossing fragment
found at the lower resolution with operator width w
(2.2) Find the nearest neighbors in the right image for each zero-crossing
fragment in the left image
(2.3) Find the nearest neighbors in the left image for each zero-crossing
fragment in the right image
(2.4) For each pair of zero-crossing fragments that are closest neighbors of
one another, let the right fragment be separated by 8pew from the left.
Determine whether &, is within the reduced matching tolerance,
m/2.If so, consider the zero-crossing fragments matched with
disparity 8final = Snew + Sinitial
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Coarse-scale zero-crossings:
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Use coarse-scale disparities to guide fine-scale matching:

L R L R R L R L
= 1 1 1 o
w=4 1 1 1 1
= 1 1 1 ]
m=2 1 1 1 1
1 1 1 1
1 1 1 ' 1 1 ' L 1 ' L L ' L L
1 2 3 4 5 3 7 8 9 10 [l 12 13 14 15 16 17 1319
Ignore coarse-scale disparities:
w=4 Sinit= -1 Sinie= +1
L R L R R L R L
m=2 1 1 1 1
Sle]e——am- J N
vy 1 I >
= 1 1 <1
1 1 1 1
L 1 1 l L 1 ' 1 L ' 1 1 ' L 1
1 3 4 5 6 7 8 9 10 n 12 13 14 1 16 17 1 19
Coarse-scale zero-crossings:
Sinit= -2
L Omi=+4 g R L
w=8 é: :‘
1 1
m=4 D ittt A ===
1 1
I TIN JN  ERO- N S  |J T R
1 2 4. 5 6 7 8 9 m 12 13 14 1 16 17 18 19
Use coarse-scale disparities to guide fine-scale matching:
Sfinai= +3 Sina= +3 Sfinar= -3 Bfinal= -2
L R L R R L R L
_ 1 1 1 1
w=4 1 1 1 1
= 1 k| r~ ]
m=2 1 1 1 1
1 1 1 1
I M | I N T | I |
1 = 3 4 5 7 8 9 10 " 12 13 14 1 18 17 1 19
Ignore coarse-scale disparities:
w=4 Sjnitz -1 6init= +1
R L R R L R L
m=2 : : : .
1 ] 1 1
(= 1 1 <1
1 1 1 1
1 1 1 l L L ' 1 L ' 1 1 ' L 1
1 2 3 4: H 6 7 8 9 10 n 12 13 14 15 18 17 18 19

Coarse-scale zero-crossings:
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MPG stereo correspondence algorithm

e multi-resolution, feature-based stereo matching algorithm

bird’s eye
view

incorporates role of vergence eye movements and multi-scale

processing observed in human stereo vision

implemented in a computer vision system

simplified version can be hand simulated to better understand

interactions across scales
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