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Administrative details

ÅIssues submitting homework
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Credits

ÅSome slides comes directly from:
ÅKristen Grauman

ÅA. Zisserman

ÅRoss B. Girshick
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Short Review 
from last class
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Feature Descriptor
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Histogram of Oriented Gradients (HOG)

ÅRevisiting histogram
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Invariance to deformation

ÅDeformation can also move 
pixels around

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

ÅDivide patch into a grid of cells

ÅRecord counts of each 
orientation in each cell: 
orientation histograms 

Orientation histogram



Feature detection and description

ÅHarris corner detection gives:
ÅLocation of each detected corner

ÅOrientation of the corner (given by xmax)

ÅScale of the corner (the image scale which gives the maximum response at 
this location)

ÅWant feature descriptor that is
ÅInvariant to photometric transformations, translation, rotation, scaling

ÅDiscriminative



Summary of HOG computation

Å{ǘŜǇ мΥ 9ȄǘǊŀŎǘ ŀ ǎǉǳŀǊŜ ǿƛƴŘƻǿ όŎŀƭƭŜŘ άōƭƻŎƪέύ ƻŦ ǎƻƳŜ ǎƛȊŜ ŀǊƻǳƴŘ ǘƘŜ ǇƛȄŜƭ 
location of interest.

ÅStep 2: Divide block into a square grid of sub-ōƭƻŎƪǎ όŎŀƭƭŜŘ άŎŜƭƭǎέύ όнȄн ƎǊƛŘ ƛƴ 
our example, resulting in four cells).

ÅStep 3: Compute orientation histogram of each cell.

ÅStep 4: Concatenate the four histograms.

ÅStep 5: normalize v using one of the three options:
ÅOption 1: Divide v by its Euclidean norm.
ÅOption 2: Divide v by its L1 norm (the L1 norm is the sum of all absolute values of v).
ÅOption 3: 

ÅDivide v by its Euclidean norm. 
ÅIn the resulting vector, clip any value over 0.2 
ÅThen, renormalize the resulting vector by dividing again by its Euclidean norm
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Histogram of Oriented Gradients (HOG)

ÅParameters and design options:

ÅAngles range from 0 to 180 or from 0 to 360 degrees?
ÅIn the Dalal& Triggspaper, a range of 0 to 180 degrees is used

ÅNumber of orientation bins.
ÅUsually 9 bins, each bin covering 20 degrees.

ÅCell size.
ÅCells of size 8x8 pixels are often used.

ÅBlock size.
ÅBlocks of size 2x2 cells (16x16 pixels) are often used.

ÅUsuallya HOG feature has 36 dimensions.
Å4 cells * 9 orientation bins.
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Histogram of Oriented Gradients (HOG)
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SIFT descriptor

ÅCompute on local 16 x 16 window around detection.

ÅwƻǘŀǘŜ ŀƴŘ ǎŎŀƭŜ ǿƛƴŘƻǿ ŀŎŎƻǊŘƛƴƎ ǘƻ ŘƛǎŎƻǾŜǊŜŘ ƻǊƛŜƴǘŀǘƛƻƴ  ŀƴŘ 
ǎŎŀƭŜ ˋ όƎŀƛƴ ƛƴǾŀǊƛŀƴŎŜύΦ

ÅCompute gradients weighted by a Gaussian of variance half the 
window (for smooth falloff).
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SIFT descriptor

Å4x4 array of gradient orientation histograms weighted by gradient 
magnitude.

ÅBin into 8 orientations x 4x4 array = 128 dimensions.
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Robot Vision
13. Object detection I
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Outline

ÅOverview: What is Object detection?

ÅTop methods for object detection

ÅObject detection with Sliding Window and Feature Extraction(HoG)
ÅSliding Window technique
ÅHOG: Gradient based Features
ÅMachine Learning
ÅSupport Vector Machine (SVM)

ÅNon-Maxima Suppression (NMS)

ÅImplementation examples

ÅDeformable Part-based Model (DPM)
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What  is object detection

http://cs231n.stanford.edu/slides/winter1516_lecture8.pdf



Object detection

ÅMultiple outputs
ÅBounding box

ÅLabel

ÅScore

CAP4453 19



Detection Competitions

Pascal VOC
COCO
ImageNet ILSVRC

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

COCO: 200 classes 

VOC: 20 classes 



Valid detection

ÅGroundtruth: 
ÅBounding box
ÅLabel

ÅPossible detection
ÅBounding box
ÅLabel
Åscore

ίὧέὶὩ
ὍὲὸὩὶίὩὧὸὩὨὃὶὩὥ

ὟὲὭέὲὄὄὥὶὩὥ

Different criteria to declare detections:

Pascal criteria
ίὧέὶὩ πȢυ

All of these:
ίὧέὶὩ πȢυ
ίὧέὶὩ πȢυυ
ίὧέὶὩ πȢφ
ίὧέὶὩ πȢφυ
ίὧέὶὩ πȢχ
ίὧέὶὩ πȢχυ
ίὧέὶὩ πȢψ
ίὧέὶὩ πȢω
ίὧέὶὩ πȢωυ

groundtruth

Possible detection



Terms

Recall
Precision
mAP
IoU

Possible detection
Bounding box
Label
score


