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Histogram of Oriented Gradients (HoG)

@ In object detection, for instance, each sample is a subimage
(called window) around a candidate object.
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@ In object detection, for instance, each sample is a subimage
(called window) around a candidate object.

@ The candidate objects reduce the number of windows for

analysis and they can be obtained by segmentation and simple
component analysis.
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Histogram of Oriented Gradients (HoG)

@ In object detection, for instance, each sample is a subimage
(called window) around a candidate object.

@ The candidate objects reduce the number of windows for
analysis and they can be obtained by segmentation and simple

component analysis.

@ An example is the detection of car license plates in a grayscale
image | = (Dy, ).
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Histogram of Oriented Gradients (HoG)

@ In object detection, for instance, each sample is a subimage
(called window) around a candidate object.

@ The candidate objects reduce the number of windows for
analysis and they can be obtained by segmentation and simple
component analysis.

@ An example is the detection of car license plates in a grayscale
image | = (Dy, ).

@ The problem can be reduced to extract a HoG feature vector
(or its concatenation with LBP) inside each window for
pattern classification as car license plate or background.
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Histogram of Oriented Gradients (HoG)

@ In object detection, for instance, each sample is a subimage
(called window) around a candidate object.

@ The candidate objects reduce the number of windows for
analysis and they can be obtained by segmentation and simple
component analysis.

@ An example is the detection of car license plates in a grayscale
image | = (Dy, ).

@ The problem can be reduced to extract a HoG feature vector
(or its concatenation with LBP) inside each window for
pattern classification as car license plate or background.

@ The extension to color images can simply concatenate the
HoG feature vectors of each band inside the window.
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Agenda

The Histogram of Oriented Gradients (HoG) is a texture
descriptor, which consists of the following steps.
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Agenda

The Histogram of Oriented Gradients (HoG) is a texture
descriptor, which consists of the following steps.

Intensity normalization, gradient computation, and window
definition.

@ Cell definition.

HoG computation per cell and pixel votes.

Vote distribution.

Coding — feature vector definition.
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Intensity normalization and gradient computation

@ As first step, the image intensities are normalized within an
interval [0 — L] (e.g., by gamma correction).

I'(p) = K[I(p)r,

Imax

where Imax = maxypep, {/(p)}, v >0, and K =2° — 1.
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Intensity normalization and gradient computation

@ As first step, the image intensities are normalized within an
interval [0 — L] (e.g., by gamma correction).

I'(p) = K[I(p)r,

/max

where Imax = maxypep, {/(p)}, v >0, and K =2° — 1.

@ Now, for each window of size n; x my pixels around a
candidate object, the HoG feature vector requires the
estimation of a gradient vector g(p) at each pixel p.

_ 2
i) = X o iehes (1)

VqeA(p)

where 0 = r/3, pg = H ” and r > 1.
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Intensity normalization and gradient computation

@ As first step, the image intensities are normalized within an
interval [0 — L] (e.g., by gamma correction).

I'(p) = K[I(p)r,

/max

where Imax = maxypep, {/(p)}, v >0, and K =2° — 1.

@ Now, for each window of size n; x my pixels around a
candidate object, the HoG feature vector requires the
estimation of a gradient vector g(p) at each pixel p.

_ 2
i) = X o iehes (1)
VqeAr(p)

where 0 = r/3, pg = H ” and r > 1.

@ The magnitude ||g(p)|| and orientation #(p) (angle between
g(p) and x) are used as follows.
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Cell definition

The window is further divided into an integer number of cells
containing ny X my pixels each.

pixel Window

Cell object

candidate
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HoG computation per cell and pixel votes

@ One histogram of gradient orientations per cell is obtained
with np bins.
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HoG computation per cell and pixel votes

@ One histogram of gradient orientations per cell is obtained
with np bins.

@ For np = 9 bins, for instance, the bin 0 may be used to
accumulate votes from pixels whose ||g(p)|| = 0 and the
remaining bins store votes from pixels whose 6(p) falls within
[0 — 44],[45 —89],...,[315 — 359], respectively.
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HoG computation per cell and pixel votes

@ One histogram of gradient orientations per cell is obtained
with np bins.

@ For np = 9 bins, for instance, the bin 0 may be used to
accumulate votes from pixels whose ||g(p)|| = 0 and the
remaining bins store votes from pixels whose 6(p) falls within
[0 — 44],[45 —89],...,[315 — 359], respectively.

@ The orientation 0(p) for hy(p) = I (( ))” and hy(p) = % is
defined as
0(p) — 180 cos~1(hy(p)) if hy(p) >0,
P 360 — 180 cos1(h(p)) if hy(p) < 0.
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Vote distribution

e Each pixel p distributes ||g(p)|| votes by trilinear interpolation
between adjacent bins b; and by of its four adjacent cells

41,92, G3, and qa.
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Vote distribution

e Each pixel p distributes ||g(p)|| votes by trilinear interpolation
between adjacent bins b; and by of its four adjacent cells

41,92, G3, and qa.
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@ For 6 = 30, for instance, by = 22 and b, = 67, since the

q4,b2

center of the 8 bins with non-zero gradient magnitude are
represented by 22, 67,112, 157,202,247,292, and 337.
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Vote distribution

@ The distribution of votes aims to treat relevant pixels with
high gradient magnitude that might fall in adjacent cells.
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Vote distribution

@ The distribution of votes aims to treat relevant pixels with
high gradient magnitude that might fall in adjacent cells.

o Let (xp,¥p,2p), Zp = 6(p), be the coordinate of p in a 3D
space.
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Vote distribution

@ The distribution of votes aims to treat relevant pixels with
high gradient magnitude that might fall in adjacent cells.

o Let (xp,¥p,2p), Zp = 6(p), be the coordinate of p in a 3D
space.

e Let (x;,y;) be the center of the cell g;, i =1,2,3,4 and

(g1, b1), (g2, b1), (g3, b1), (qa, b1), (q1, b2), (92, b2), (g3, b2),
and (qa, b2) be the 8 vertices (x;,y;,z), i =1,2,...,8,
around p.
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Vote distribution

@ The distribution of votes aims to treat relevant pixels with
high gradient magnitude that might fall in adjacent cells.

o Let (xp,¥p,2p), Zp = 6(p), be the coordinate of p in a 3D
space.

e Let (x;,y;) be the center of the cell g;, i =1,2,3,4 and

(g1, b1), (g2, b1), (g3, b1), (qa, b1), (q1, b2), (92, b2), (g3, b2),
and (qa, b2) be the 8 vertices (x;,y;,z), i =1,2,...,8,
around p.

@ The gradient magnitude w = ||g(p)|| is a weight distributed
among the 8 vertices by trilinear interpolation.
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Vote distribution

The weight w = ||g(p)|| is first distributed between points p; and
p2 on opposite faces, then the weights on the faces are distributed
among points ps, p4, ps, pe of opposite edges, and finally the edge
weights are distributed to the vertices p7, ps, po, p1o, P11, P12, P13,
and pi4 of the corresponding edges.

A
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Vote distribution

The weights w; of each point p; = (X, ¥pi» 2p;), I = 1,2,...,14,
are computed as

W = (Xp, — %p)
(XP2 XPI)
Wy = W(XP XPl)
(Xp, — Xpy)
wy = Wl(ypl_yp4)
(yp3_yP4)
w, = Wl(yp3_yP1)
(YP3_.VP4)
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Vote distribution
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Vote distribution

Wig = wg PH“P5) (ZP14 — ZP5)
(Zp1e — Zp1o)

Wi = wgPs ZPw) (Zps — 2Zpo)
(Zp1e — Zp1o)

wo = wp P 2] (ZP13 Zpe)
(ZP13 Zpg)

Wiz = ( — ZP9)
(ZP13 - ZP9)

Finally the weights w; are accumulated in the corresponding bin of
the cell represented by p;, i =7,8,9,10,11,12 13, 14.
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@ Now, each group of n3 x ms cells constitutes a block.

«O> «Fr « = 4 > P NEa



Coding: feature vector definition

@ Now, each group of n3 x mj cells constitutes a block.

@ Adjacent blocks are defined by stride (displacement in x and

y).

Window
Block of 2x2 cells

|

stride of one cell
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Coding: feature vector definition

The cell histograms in each block are concatenated from left to
right, top to bottom, and normalized, to treat contrast variations.
Similarly, the block feature vectors are concatenated to output a
HoG feature vector for the window.

\\

H‘\"H ‘\ \" \‘\‘H \“

cell1 cell2 cell3 cella
Cell1 cell2 Cell3 Cella

Histogram of Oriented Gradients computed in each cell

I b Y

Zoom AR 0 1 T

< HoG Descriptor
Yellow and Red Blocks with one cell overlap
S
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Original Image Dense Grid of Cells organized in Blocks
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Coding: feature vector definition

o Let hk(l), i=0,1,....,np—1and k=1,2,...,n3 X m3, be
the cell histograms in a block with n3 x m3 cells.
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Coding: feature vector definition

o Let hk(l), i=0,1,....,np—1and k=1,2,...,n3 X m3, be
the cell histograms in a block with n3 x m3 cells.

@ Their concatenation from left to right, top to bottom,
generates a vector with features v, j = 1,2,...,n, X n3 X m3.
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Coding: feature vector definition

o Let hk(l), i=0,1,....,np—1and k=1,2,...,n3 X m3, be
the cell histograms in a block with n3 x m3 cells.

@ Their concatenation from left to right, top to bottom,
generates a vector with features v, j = 1,2,...,n, X n3 X m3.

@ These features are normalized as

vj

Vj =
NpXnN3Xms3 .
> vjvj + €

where € is a small number.
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@ For instance, for a window with 126 x 36 pixels and cells with
6 x 6 pixels, each window contains 21 x 6 cells.

«40>» «Fr» «=)» < > Q>



Example

o For instance, for a window with 126 x 36 pixels and cells with
6 x 6 pixels, each window contains 21 x 6 cells.

@ If each block is defined by 2 x 2 cells and the stride is 1 cell in
x and y, each window generates 20 x 5 blocks.
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Example

o For instance, for a window with 126 x 36 pixels and cells with
6 x 6 pixels, each window contains 21 x 6 cells.

@ If each block is defined by 2 x 2 cells and the stride is 1 cell in
x and y, each window generates 20 x 5 blocks.

@ The four cell histograms of 9 bins in each block are
concatenated and normalized to compose a vector of 36
features per block.
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Example

o For instance, for a window with 126 x 36 pixels and cells with
6 x 6 pixels, each window contains 21 x 6 cells.

@ If each block is defined by 2 x 2 cells and the stride is 1 cell in
x and y, each window generates 20 x 5 blocks.

@ The four cell histograms of 9 bins in each block are
concatenated and normalized to compose a vector of 36
features per block.

@ The feature vectors of the blocks are then concatenated to
form a HoG vector with 20 x 5 x 36 features.
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