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Why do we need computer vision?

* Smart video surveillance

* Biometrics

* Automatic Driver Assistance Systems
* Machine vision (Visual inspection)

* |[mage retrieval (e.g. Google Goggles)
* Movie production

* Robotics




V on is hard! Even for |
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Agenda

e Camera model

e Stereo vision
— Stereo vision on GPU

* Object detection methods
— Sliding window
— Local descriptors

plications ,
tured object detection

etection




Pinhole camera mode
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o = ' (1 + kyr? + kor? + kar®) + 2p1 'y’ + pa(r? + 2272)
y" = 3/( 1+ kg2 + kor? + k3r®) + p1 (7% + 2¢"%) + 2po2’yf/
where 712 = 12"2 4 /2

u= frxz'+c;
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Reprojection error
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Homography
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Perspective-n-Points probl 3




Stereo: epipolar geomet y




| Stereo Rectification

gorithm steps are shown at right:

Object
Left Camera nght Camera

(a)
Result: Epipolar allgnment of features: Raw Images
[Unrectified s —m) -

1Dzsto;t(RM Dp )

(b) E ﬁ /l
Undistortion

All: Gary Bradski and Adrian Kaehler: Learning OpenCV




Stereo correspondence

* Block matching

e Dynamic programming

* Inter-scanline dependenc
— Segmentation
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— Belief propagation




Stereo correspondence block ma
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Pre- and post processing

* Low texture filtering

e SSD/SAD minimum
ambiguity removal

e Using gradients
instead of intensities

e Speckle filtering
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Stereo Matching




Parallel implementation of block

matching

* The outer cycle
iterates through
disparity values

* We compute SSD and
compare it with the
current minimum for
each pixel in a tile

e Different tiles reuse
the results of each
other

LEFT IMAGE
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Optimization concepts

* Not using texture — saving registers
* 1thread per 8 pixels processing — using cache

* Reducing the amount of arithmetic
operations

* Non-parallelizable functions (speckle
filtering) are done on CPU



Performance summary

* CPU (i5 750 2.66GHz), GPU (Fermi card
448 cores)

* Block matching on CPU+2xGPU is 10
times faster than CPU implementation
with SSE optimization, enabling real-time
processing of HD images!
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Applications of stereo vision

Machine vision

Automatic Driver Assistance _ - B @
r;"" ks .

Movie production

Robotics
— Object recognition
— Visual odometry / SLAM
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Object detection




Sliding window approac )




Cascade classifier

lNot face

Real-time in year 2000!
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Face detection




Object detection with loca
descriptors
* Detect keypoints o

» Calculate local descriptors fol
~* Match descriptors for diffe
- * Validate matches with a ge:



FAST feature detector
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Keypoints example
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SIFT descriptor
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SURF descriptor J
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More descriptors

* One way descriptor ,
e C-descriptor, FERNS, BRIEF
* HoG

* Daisy




Matching descriptors example




Ways to improve matching

* Increase the inliers to outliers re
— Distance threshold -
— Distance ratio threshold (se



Random Sample Conse

* Do n iterations until #inliers > ir
— Draw k matches randomly
— Find the transformation
— Calculate inliers count
— Remember the best soluti




Geometry validation




Scaling up

e

e FLANN (Fast Library for ApprOX'
Neighbors)

_ — In OpenCV thanks to Marl l
~+ Bag of Words —
B _ In OpenCV thanks t Ch
ocabulary trees




Projects

* Textured object det' ti

* PR2 robot automat




Textured object dete.r




Object detection exa
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Keypoint detection g

 We are looking for small
dark regions

* This operation takes
only ~¥10ms on 640x480
image

rest of the

m works only
Int regions




Classification with one way desc .

* Introduced by Hinterstoisser et al
(Technical U of Munich, Ecole
Polytechnique) at CVPR 2009

A test patch is compared to

samples of affine-transformed I

training patches with Euclidean
istance

losest patch together witha '
ess are reconstructed :



Keypoint classification exam

* One way descriptor does the m
outlet detection job for us
misclassified
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Object detection

* Object pose is _
reconstructed by \ ‘m |
geometry validation %\ Q
(using geomertic &l L o
hashing)
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Outlet detection: challenging C

v/ Shadows

v/ Severe lighting conditions

‘v/Partial occlusions




lugin (outlet and plu;
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Complete Run
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Visual odometry




Visual odometry (ll)
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<+ poolshark
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