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ASome slides comes directly from:
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Feature Descriptor
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Histogram of Oriented Gradients (HOG)

ARevisiting histogram
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Invariance to deformation

ADeformation can also move
pixels around

AAgain, instead of precise
location of each pixel, only
want to record rough location

ADivide patch into a grid afells image gradients

ARecordcountsof each
orientation in each cell:
orientation histograms

Keypoint descriptor

Orientation histogram



Feature detection and description

AHarris corner detection gives:
ALocation of each detected corner
A Orientation of the corner (given by, )
AScale of the corner (the image scale which gives the maximum response at

this location)
AWant feature descriptor that is
Alnvariant to photometric transformations, translation, rotation, scaling
ADiscriminative



Summary of HOG computation
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ocation of interest.

A Step 2: Divide block into a square grid ofsub 2 01 a8 0Ol ff SR aOS
our example, resulting in four cells?.

A Step 3: Compute orientation histogram of each cell.
A Step 4: Concatenate the four histograms.

A Step 5: normalize v using one of the three options:

A Option 1: Divide v by its Euclidean norm.
A Option 2: Divide v by its L1 norm (the L1 norm is the sum of all absolute values of v).
A Option 3:

A Divide v by its Euclidean norm.

A In the resulting vector, clip any value over 0.2
A Then, renormalize the resulting vector by dividing again by its Euclidean norm



Histogram of Oriented Gradients (HOG)

AParameters and design options:

A Angles range from 0 to 180 or from 0 to 360 degrees?
A In the Dalal& Triggspaper, a range of 0 to 180 degrees is used

ANumber of orientation bins.
A Usually 9 bins, each bin covering 20 degrees.

ACell size.
A Cells of size 8x8 pixels are often used.

ABlock size.
A Blocks of size 2x2 cells (16x16 pixels) are often used.

AUsuallya HOG feature has 36 dimensions.
A4 cells * 9 orientation bins.
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SIFT descriptor

ACompute on local 16 x 16 window around detection.
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ACompute gradients weighted by a Gaussian of variance half the
window (for smooth falloff).

Actually 16x16, only showing 8x8
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Image gradients



SIFT descriptor

A4x4 array of gradient orientation histograms weighted by gradient
magnitude.

ABin into 8 orientations x 4x4 array = 128 dimensions.

Showing only 2x2 here but is 4x4

Image gradients Keypoint descriptor 3



SIFT Descriptor Extraction

16x16 window

128 dimensional vector
.
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Reduce effect of illumination

 128-dim vector normalized to 1

* Threshold gradient magnitudes to avoid excessive
influence of high gradients

» After normalization, clamp gradients > 0.2
* Renormalize
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Image gradients Keypoint descriptor
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Robot Vision

13. Object detection |
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Outline

AOverview: What is Object detection?
ATop methods for object detection

AObiject detection with Sliding Window and Feature Extractin
A Sliding Window technique
AHOG: Gradient based Features

AMachine Learning
A Support Vector Machine (SVM)

ANon-Maxima Suppression (NMS)
Almplementation examples
ADeformable Parbased Model (DPM)
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What Is object detection

Classification Casshication Object Detection s

+ Localization

CAT, DOG, DUCK CAT, DOG, DUCK

AN 7
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Single object Multiple objects




Object detection
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Detection Competitions

Pascal VOC

COCO
ImageNet ILSVRC

VOC: 20 classes
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http://host.robots.ox.ac.uk/pascal/VOC/voc2012/index.html#introduction



Valid detection

AGroundtruth: g QE0QI isadmin0
ABounding box Possible detection Ye 228 60l QO
ALabel

Different criteria to declare detections:

Pascal criteria

APossible detection

ABounding box Lol ™

AlLabel

Ascore groundiruth All of these:
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Terms

Recall
Precision
MAP

loU

relevant elements

false negatives

selected elements

Precision =——

true negatives

Recall = ——

Possible detection
Bounding box
Label
score




